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DISCLAIMER



Staff members of the California Energy Commission (CEC) prepared this manual, which is
intended to provide guidance on how to comply with the 20225 Building Energy Efficiency
Standards. However, use of or compliance with the guidance does not assure compliance
with the 20225 Building Energy Efficiency Standards, and it is the responsibility of the user
of this document to ensure compliance with the 20225 Building Energy Efficiency
Standards and all other applicable laws and regulations. The CEC, the State of California,
its employees, contractors, and subcontractors make no warrant, express or implied, and
assume no legal liability regarding the use of this manual; nor does any party represent
that the uses of this information will not infringe upon privately owned rights. This report
has not been approved or disapproved by the CEC nor has the Commission passed upon
the accuracy or adequacy of the information in this report.
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ABSTRACT

The California Energy Commission’s (CEC) 20252 Building Energy Efficiency Standards for residential and
nonresidential buildings allow compliance by either a prescriptive or performance method. The
performance compliance approach uses computer modeling compliance software to trade-off efficiency
measures. Performance compliance is the most popular compliance method because of the flexibility it
provides in building design.

Compliance software must be certified by the CEC, following rules established for modeling compliance
software. This document establishes the rules for creating a building model, describing how the
proposed design is defined, explaining how the standard design is established, and reporting on the
performance compliance certificate. This document also describes the procedure for performance
calculation, necessary rule sets, reference method for testing compliance software accuracy, and the
minimum reporting requirements. The CEC reserves the right to approve vendor software for limited
implementations of what is documented in this manual.

This Nonresidential and Multifamily Alternative Calculation Method Reference Manual explains how the
proposed and standard designs are determined. The explanations for single-family building proposed
and standard designs are described in the Single-Family Residential Alternative Calculation Method
Reference Manual.

The compliance manager, public domain compliance software provided by the CEC, is called California
Building Energy Code Compliance (CBECC). CBECC and all third-party compliance software must meet
rules described in the Nonresidential and Multifamily Buildings ACM Reference Manual.

Keywords: ACM, alternative calculation method, Building Energy Efficiency Standards, California Energy
Commission, California Building Energy Code Compliance, CBECC compliance manager, compliance
software, computer compliance, energy budget, time dependent valuation, energy code, energy use,
prescriptive compliance, performance compliance, design, proposed design, standard design, VRF
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1. Overview

1.1 Purpose

The Warren AI uist Act created the Callfornla Energy Commission’s authorlt to establish and regularl

Public Resources Code! section 25402.1(e) dlrects the CEC to cert'lfx an energy conservation manual for
use by designers, builders, and contractors of residential and nonresidential buildings, specifically

including instructions for use of a public domain computer program for calculating energy consumption
in residential and nonresidential buildings (Public Resources Code, section 25402.1(e)5).

The Nonresidential and Multifamily Alternative Calculation Method (ACM) Reference Manual explains
the requirements for approval of nonresidential and multifamily Ftle-24Energy Code compliance
software in California. Approved compliance software is used to demonstrate minimum compliance with
the 2025 Building Energy Efficiency Standards (Energy Code), CALGreen (Title 24, Part 11), or any metric
approved by the California Energy Commission (CEC). Definitions and terms in this manual may be found
in the 20252 Energy Code. The procedures and processes described in this manual are designed to
provide consistency and accuracy while preserving integrity of compliance. This manual addresses
compliance software for nonresidential buildings, hotels, motels, and multifamily buildings as eutlined
specified in Title 24, Part 6, Subchapter 5, §Section 140.1, and Subchapter 11, §Section 170.1. A separate
ACM reference manual applies to single-family residential buildings. The approval process for
nonresidential and multifamily compliance software programs is specified in Title 24, Part 1, Section 10-
109, 10-110, and384-threugh-Seeton 10-1160 of the California Code of Regulations. The ACM Reference
Manual can be updated outside of the standard Energy Code update process to incorporate new
modeling features or address modeling and rule errors. The ACM Reference Manual will be updated no
more than twice annually, in January and July.
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1.3 Scope

This manual is intended to be used as a reference for the modeling methods of compliance software and
a guide to software programs seeking certification as Fitle24Energy Code compliance software for
nonresidential and multifamily buildings.

The ACM Reference Manual can be modified during a code cycle without a formal rulemaking. Therefore,
the goal of the compliance software development team is to provide periodic updates to improve the
accuracy and usability of compliance software.

1.4 Organization

This document is organized in five chapters and several appendices, as follows:
Chapters and descriptions:

1. Overview
The purpose, organization, and content of the manual.

2. General Modeling Procedures
An overview of the modeling process, outlining the modeling rules and assumptions that are
implemented in the same way for the standard design and the proposed design, and procedures
for determining system types and equipment sizes.

3. Compliance Software Requirements
Requirements for the simulation engines and implementation of compliance rules used to make
calculations, and special reporting requirements for nonstandard building features.

4. Content and Format of Standard Reports
The content and organization of the standard reports produced by qualifying compliance
software.

5. Nonresidential Building Descriptors Reference
The acceptable range of inputs for the proposed design and a specification for the standard
design for nonresidential buildings.

6. Multifamily Building Descriptors Reference
The acceptable range of inputs for the proposed design and a specification for the standard
design for multifamily buildings.

In addition, there are several appendices that contain reference material supporting definition of the
proposed design and standard design. The numbering for these appendices generally aligns with the
chapter numbers in the main manual that reference the appendices.
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hes—wt—h—t—he—appheaet—Compllance sof'tware is sof'tware that has been approved by the Energy
Commission to demonstrate compliance with the BuildingEnergy Efficiency-StandardsEnergy Code
through the performance compliance pathway. Compliance software must meet the appropriate
application procedures and requirements in the Energy Code Section 10-109, 10-110 and 10-116.
Compliance software approval process and compliance software vendor requirements are -further

supported in th|s ACM Reference Manual, AIternatlve Calculation Method Compliance Software Aggroval

requirements are further supported in this ACM Reference Manual, Compliance Software Test

Requirements. Compliance software includes the compliance manager, other public domain computer
programs, and ACM compliance software.

Companion documents that are helpful in preparing software for certification_as compliance software
include the latest editions of the following CEC publications:
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Energy Efficiency Standards

Appliance Efficiency Regulations

Nonresidential Compliance Manual

. Reference Nonresidential Appendices

. Reference Appendices
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1.7 Modeling Assumptions

When calculating annual energy use, it is necessary to make assumptions about how the proposed
building is operated. Operating assumptions include thermostat settings, number of occupants,
receptacle loads, process loads, hot water loads, and operation schedules for heating, ventilation, and
air-conditioning (HVAC) systems, lighting systems, and other systems. Sometimes these data points are
known with some certainty, and other times (for instance, for speewtative-buildings with as yet to be
determined occupancy), it is necessary to make estimates. Some of these inputs are prescribed (fixed for
the proposed and standard design buildings and cannot be changed), while others are defaults.

Modeling assumptions used by compliance software are provided in this ACM Reference Manual,
General Modeling Procedures, Nonresidential Building Descriptors Reference, and Multifamily Building
Descriptors Reference.
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1.8 Reference Method

To ensure a minimum level of deviation in modeled building energy usage and compliance results
between compliance software offered by different vendors, a reference method was-is developed. The
reference method includes procedures that compliance software must meet and test cases that
compliance software must run. The test cases are compared against a reference to ensure that modeled
energy usage and efficiency between compliance software are similarapproximately the same. All
compliance software is compared against modeling results of the compliance manager. The reference
method includes:

e A series of reference method test cases used for comparison.

e Input that may vary for credit, and input that is fixed or restricted.

e Standard report output requirements.

e Certification of the software vendor requirements in this manual.

General requirements for compliance software can be found in this ACM Reference Manual, General
Compliance Software Modeling Procedures and Requirements. Description of compliance software
testing requirements used in the reference method can be found in this ACM Reference Manual,
Compliance Software Test Requirements. These descriptions are based on requirements laid out in

Section 10-109 and 10-116 of the 2025 California Building Standards Code, Title 24, Part 1.
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1.10Alternative Calculation Method Compliance

Software Approval Process

The alternative calculation method compliance software approval process is documented in Sections 10-

109, 10-110, and 10-116 of the BuildingEnergy Efficiency-StandardsEnergy Code. This section of the ACM
Reference Manual supports this process. Alternative calculation method compliance software that is

being submitted for approval through this process is considered alternative calculation method (ACM)
candidate compliance software until approved by the Energy Commission. The proponent of an

alternativecomplionce softwareorACM candidate compliance software is considered the compliance

software vendor or the vendor of the compliance software.
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1.10.1 Application Checklist

The following items shall be included in an application package submitted to the CEC for compliance
software approval:

o Candidate-Compliance Software Vendor Certification Statement. A copy of the statement
provided by the Califernia-Energy Commission to the applicant, signed by the eandidate
compliance software vendor, certifying that the ACM candidate compliance software meets all
€EC-Energy Commission requirements, including requirements for accuracy and reliability when

used to demonstrate compliance with the energy code.
e ACM Candidate Compliance Software Computer Runs and Summary Sheets. Copies of the

computer runs specified in Chapter 3: Compliance Software Test Requirements of this manual on

machine-readable forms as specified in Chapter 3: Compliance Software Test Requirements to

enable verification of the runs.

o Help-System-orUser’s Manual, or Changelog or Both. The compliance software vendor shall
submit a complete copy of the help-system-o~ACM candidate compliance software user’s manual
erbeth, including material on the use of the ACM candidate compliance software for compliance,

a changelog, including a complete list of changes to the ACM compliance software, or both.

o Copy-oftheExecutable ACM candidate compliance software and weather data. A machine-
readable copy of the ACM candidate compliance software for random verification of compliance

analyses. The compliance software vendor shall use approved CEC weather files.

e Long-term System Cost (LSC)FBV Facter Documentation. The ACM candidate compliance software

shall be able to apply-the TB\-multipliers deseribed-in-Reference Appena A3-and S

EﬁﬁefeneyiFDxLaﬂd—P-\#ﬂeHbH*yiFD-Vconvert modeled building energy bad-get—sconsump‘uon to LSC

as described in Reference Appendices, Joint Appendix JA3.

e Source Energy. The software shall be able to calculate source energy as described in Chapter
175 Seurce-Energy.Chapter 2.1.5: Source Energy.

e Application Fee. The compliance software vendor shall provide an application fee of $1,000.00 as
authorized by §Section 25402.1(b) of the Public Resources Code, payable to the State of
California to cover costs of evaluating the application and to defray reproduction costs.

A cover letter acknowledging the shipment of the completed application package should be emailed to
ExecutiveOffice@energy.ca.gov.

Two copies of the full application package should be sent to:

Compliance Software Nonresidential Certification
California Energy Commission

715 P Street, MS-26

Sacramento, CA 95814-5512

Following submittal of the application package, the CEC may request additional information under Title
24, Part 1, Sections 10-109, 10-110, and 10-116. This additional information is often necessary due to the
complexity of software. Failure to provide such information in a timely manner may be considered cause
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for rejection or disapproval of the application. A resubmittal of a rejected or disapproved application will
be considered a new application and must include a new application fee.

1.10.2 Types of Approval

An ACM candidate compliance software application can be approved unconditionally, approved with
restrictions to specified occupancies, designs, materials, or devices, or-the rejected.

If approved, the ACM candidate compliance software is considered compliance software and may be
used to demonstrate compliance with the Buitding-Energy-Efficiency-StandardsEnergy Code through the
performance compliance pathway. Demonstration of compliance may be restricted to specific
occupancies, designs, materials, or devices if the compliance software was approved with restrictions.

1.10.3 Alternative Calculation Method Compliance Software Updates

Approved alternative calculation method compliance software may need to be updated throughout the
current code cycle. The Energy Commission classifies updates as major updates or minor updates.

Major updates are changes that would affect compliance values, or changes to match rules established
for modeling compliance software documented in the current version of the this-erfuture-Alternative
Calculation Method Reference Manual. The steps for major alternative calculation method compliance
software updates are provided in Section 10-116(d)1 of the BuildingEnergy-Efficiency-StandardsEnergy
Code. Examples of scenarios that may result in major updates to alternative calculation method
compliance software include:

o Building Energy Efficiency-StandardsEnergy Code revisions that alter the basic compliance

process.
e The Energy Commission determines that new analytic capabilities are widespread and should be

a required software capability.

e The vendor of the ACM compliance software implements new algorithms into the compliance

software which results in changes to building model compliance margins.

Minor updates are changes to the user interface or changes that do not result in changes to compliance

values. The steps for minor updates are provided in Section 10-116(d)2.
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1.10.5 Decertification of Compliance Software-Programs

Decertification is the formal process of withdrawing approval of alternative calculation method

compliance software. Fhe rAay-d . d-appreval-oflanalternativecaleulationmethod
through-thefollowingmeansThe process for decertification of compliance software is described in the
Building Energy-Efficiency-StandardsEnergy Code Section 10-:116(f). Compliance software can be

decertified as a result of the following:

o The Building Energy Efficiency-StandardsEnergy Code undergoes substantial changes such that

the software would fail to confirm compliance with the Building Efficiency Standards.Al

e A letter from the vendor of the alternative calculation method compliance software requests a
particular version of the alternative calculation method compliance software be decertified. Any

request shall briefly describe the nature of the program errors or “bugs” that justify the need for
decertification.
e Any ”initiating party” may begin decertifying any compliance software according to the steps

outlined in the Building Energy Efficieney-StandardsEnergy Code Section 10-116(f)3belew. The

intent is to include a means whereby unfavorable compliance software tests, serious program

errors, flawed numeric results, improper forms, or incorrect program documentation not
discovered in the certification process or a combination thereof can be verified, and use of the
particular compliance software version discontinued. In this process, there is ample opportunity
for the Energy Commission-€EE, the vendor of the compliance software-vender, and all interested

parties to evaluate any alleged problems with the compliance software program.

NOTE 1: The primary rationale for a challenge is unfavorable compliance software tests, which means
that for some particular building design with a set of energy efficiency measures, the compliance
software fails to meet the criteria used for testing compliance software programs described in Chapter 3:
Compliance Software Test Requirements.
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NOTE 2: Another challenge rationale is flawed numeric results, where the compliance software meets
the test criteria in Chapter 3: Compliance Software Test Requirements, in particular, when compliance
software fails to properly create the standard design building.

EThe following is the process for challenging compliance software or initiating a decertification
procedure:

e Any party may initiate a review of compliance software approval by sending a written
communication to the Executive Director. (The €EE-Energy Commission may be the initiating

party for this type of review by noticing the availability of the same information listed here.)
e The initiating party shall:

o State the name of the compliance software and the program version number(s) that contain
the alleged errors.

o ldentify concisely the nature of the alleged errors in the compliance software that require
review.

o Explain why the alleged errors are serious enough in the effect on analyzing buildings for
compliance to justify a decertification procedure.

o Include appropriate data on any media compatible with Windows 7 or newer and/or
information sufficient to evaluate the alleged errors.

The exeeutive-Executive directer-Director shall make a copy or copies of the initial written
communication available to the compliance software vendor and interested parties within 30 days.

e Within 75 days of receipt of the written communication, the Executive Director may request any
additional information needed to evaluate the alleged compliance software errors from the party
who initiated the decertification review. If the additional information is incomplete, this
procedure will be delayed until the initiating party submits complete information.

e Within 75 days of receipt of the initial written communication, the exeeutive-Executive director
Director may convene a workshop to gather additional information from the initiating party, the
compliance software vendor, and interested parties. All parties will have 15 days after the
workshop to submit additional information regarding the alleged program errors.

e Within 90 days after the exeeutive-Executive director-Director receives the application or within
30 days after receipt of complete additional information requested of the initiating party,
whichever is later, the exeeutive-Executive direeterDirector shall either:

o Determine that the compliance software need not be decertified.
o Submit to the €EE-Energy Commission a written recommendation that the compliance

software be decertified.

e The initial written communication, all relevant written materials, and the executive-Executive
director’s-Director’s recommendation shall be placed on the consent calendar and considered at
the next business meeting after submission of the recommendation. The matter may be removed
from the consent calendar at the request of one of the eemmissionersCommissioners.

e |f the Energy Commission€EE approves the compliance software decertification, it shall take

effect 60 days later. During the first 30 days of the 60-day period, the Executive Director shall
send out a notice to building officials and interested parties announcing the decertification.

13
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All initiating parties have the burden of proof to establish that the review of alleged compliance software
errors should be granted. The decertification process may be terminated at any time by mutual written
consent of the initiating party and the exeeutive-Executive directorDirector.

As a practical matter, the compliance software vendor may use the 180- to 210-day period outlined here
to update the compliance software program, get it reapproved by the Energy Commission€E€, and
release a revised version that does not have the problems initially brought to the attention of the
€ECEnergy Commission. The vendor of the compliance software-vender may wish to be the initiating
party to ensure that a faulty program version is taken off the market.

1.11Vendor-Reguirements-Guidance for the Vendor of

the Compliance Software

Each vendor shall meet all of the following requirements as part of the compliance software approval
and as part of an ongoing commitment to users of the particular program.

1.11.1 Availability to California Energy Commission

All compliance software vendors are required to submit at least one fully working program version of the
compliance software to the CEC. An updated copy or access to the approved version of the compliance
software shall be kept by the CEC to maintain approval for compliance use of the compliance software.

The CEC agrees not to duplicate the compliance software except for analyzing it, for verifying building
compliance with the compliance software, or for verifying that only approved versions of the compliance
software are used for compliance.

1.11.2 Enforcement Agency Support

Compliance software vendors shall provide ongoing enforcement agency support. Compliance software
vendors shall provide a copy of the compliance software user’s’ manual_or £help system_or both to all
enforcement agencies who request one in writing.

1.11.3 User Support

Compliance software vendors shall offer support to their users with regard to the use of the compliance
software for compliance. Compliance software vendors shall include a users’ manual or help system or
both that provides appropriate guidance for specifying inputs and running a simulation for compliance.

Reguirements for the user manual are described in the 2025 California Building Standards Code, Title 24
Part 1. Vendors may charge a fee for user support.

1.11.4 Compliance Software Vendor Demonstration

The Energy Commission€EE may request that compliance software vendors offer a live demonstration of
the capabilities of their compliance software. One or more demonstrations may be requested before
approval is granted.

+Ysersmandak
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2. General Compliance Software
Modeling Procedures and
Requirements

This section describes the modeling procedures and requirements that must be met by all compliance
software. This includes requirements for inputs, zoning, and other functionality of compliance software.
Note that the application process for alternative calculation method compliance software and
requirements for vendors of compliance software can be found in this ACM Reference Manual,
Alternative Calculation Method Compliance Software Approval Process and Vendor Requirements for
Vendors of Compliance Software. Testing requirements for compliance software can also be found in this
ACM Reference Manual, Compliance Software Test Requirements.

2.1 General Requirements for User-Entered Data

General

This document lists the building descriptors that are used in the compliance simulation. Users must
provide valid data for all descriptors that do not have defaults specified and that apply to parts of the
building that must be modeled.

2.1.1 Type of Project Submittal

Complisncesofiwareshallrequirethe-usertoidentfutT pe of compliance for the project should be
identified to ensure that the appropriate compliance reg ;
shalreguiretheuserto-choosesoneotih This includes the following options:

o NewBuildingerNew building or Addition Alone. Compliance software may de-this-by-treating
aamodel the addition alone-asarewbuilding, but an addition modeled in this way shall be

reported on all output forms as an addition (modeled alone).

e Addition Plus Alteration of Existing Building (if compliance software is approved for this optional

capability).

e Alteration of Existing Building (if compliance software is approved for this optional capability).

16
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2.1.2 Scope of Compliance Calculations

For each building or separately permitted space, compliance software shall require the user to identify
the scope of the compliance submittal from a combination of the following list:

e Envelope
e Lighting or Partial Lighting

e Mechanical or Partial Mechanical (may include or exclude Domestic Hot Water)

Each combination requires specific assumptions, input procedures, and reporting requirements.
Modeling assumptions are documented in Chapter 5: Nonresidential Building Descriptors Reference and
Chapter 6: Multifamily Building Descriptors Reference. Reporting requirements are documented in
Chapter 4: Content and Format of Standard Reports. Compliance software shall produce only compliance
reports specific to the scope of the submittal determined for the run. For example, if the scope is
envelope only, only the PRF-01 forms with envelope-only components are produced.

Lighting compliance for a partial compliance scenario may be for the entire building or may be specified
for only portions of the building. When the building applies for partial lighting compliance, the space(s)
where lighting for the space is unknown or undefined shall be marked as “undefined,” and the
compliance software shall use the standard design lighting power for the user-defined space type for
both the proposed design and standard design. Under this compliance scope, the entire building shall be
modeled, and the compliance forms shall indicate the spaces for which lighting compliance is not

performed.

The combination of the above scopes will determine the standard design to which the proposed design
is compared. When a scope is excluded from the performance calculation, the standard design will
match the proposed for all features covered by that scope. Specific rules for each building model
descriptor can be found in Chapter 5: Nonresidential Building Descriptors Reference and Chapter 6:
Multifamily Building Descriptors Reference of this manual.

2.1.3 Climate Zones

The program shall account for variations in energy use due to the effects of the California climate zones
and local weather data. Climate information for compliance simulations shall use the applicable data set
in Reference Appendices, Joint Appendix JA2.

2.1.4 Fime-Dependent-ValuationLong-term System Cost (LSC)
The compliance software shall caIcuIate the Leag—te#m—Svstem—@est—éLSC)—heuﬂv—enngv—use for both the

standard desi n by aps

term-System-CostLSCIBY factor for each hour of the ﬁ@é%eﬁe%vear a#&een%g_y the predlcted site
use for that hour ;

factors havesve been established by the CEC for residential and nonresidential occupancies, for each of

the climate zones, and for each fuel type (electricity, natural gas, and propane). The

energyLSC areapproach is documented in more details in Reference Appendices, Joint Appendix JA3. The

£Total FBVLSC for anonresidential - and multifamily buildings prejeet-consists of the FBVLSC for all

efficiency measures (Efficiency FBVLSC) and the FBMLSC for all photovoltaic system, building energy
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storage systems, lighting-and demand flexibility measuresand-etherplugloads{Photoveoltaic;
P/ Hlexibility FBVESC) as described in the following equations:=

Total LSC = Efficiency LSC + Z( PV; X LSCpyn i) + Z( BESS; X LSCpyp ;)

+ > (DF, X LSCurn)
yA

For nonresidential buildings:

Efficiency LSC
ol S (SCInuhi X LSCLrM/h i) I S (SCnnci X LSCnnci) S (“’ Hlnuhi X LSCkIA/h i)
7 T 7 7 G5y -GSy 7 4 i

> (WHee s X LSCone ) + Y (MVis s X LSCrornt) + > (MV,e s X LSCige ;)
“ T T T T “ T T “ T T rA T

+ ?(Lranmnradi X LSCrwn i)
A < 7 77

For multifamily buildings:

Efficiency LSC
= SCrni X LSC )+ SCope; X LSCppo;) + WH . X LSC

S (WH s X LSCoe ) + Y (MVi s X LSCrorns) + Y (MV,e i X LSCrge ;)
“ T T g T “\ T T u\ A T A T

> (Loertaseas X LSCopn i) + D (SUC ; X LS Cran o)
“ T T T “ AN T 7

Where:

PV, = The energy generation of the photovoltaic system in the i" hour. Additional information for export
considerations are described below.

LSCxwh, i = The LSC factor for electricity in the it" hour.

BESS; = Battery energy storage system energy in the i hour.

= The demand flexibility energy in the i hour.

SCiwh,i = The space-conditioning electric energy used in the it" hour.

SCgas = The space-conditioning gas energy used in the i*" hour.

LSCeas,i = The LSC factor for gas in the i*" hour.

WHwh, = The water heating electric energy used in the it" hour.

WH,.s; = The water heating gas energy used in the i*" hour.

MViwhi = The mechanical ventilation electric energy used in the i hour.

MV,.s; = The mechanical ventilation gas energy used in the i hour.

SUC; = The energy associated with the self-utilization credit in the it" hour.

Lreguiatedi = Regulated lighting energy used in the it" hour.
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The LSCs that apply to photovoltaic and BESS s¥stems depend on w¥¥hether generated energy is used on
site or exported to the grid=wi

the-building. If energy is used on site the LSC factors areis based on the LSC factors as descrlbed in
Reference Appendices, Joint Appendix JA3. If energy is exported to the gride, heathe £5&-hourly export
LSC factors provided by the CEC are used. These export LSC factors sepresent-account for the LSC aveided
costs that are avoided by the exports in each hour.

To comply through the performance compliance approach, the Total FB¥LSC and Efficiency FBVLSC of
the proposed design must be equal to or less than the total FBVLSC and Efficiency FBVLSC of the
standard design. This applies to newly constructed buildings, additions to existing buildingsalere,
additions plus alterations of existing buildings, and alterations of existing buildingsprejeets. The hourly
LSC factors can be found at the Energy Commission website (https://www.energy.ca.gov/files/2025-
energy-code-date-and-hourly-factors).

2.1.5 Source Energy

The compliance software shall calculate the long-run marginal, hourly source energy use for both the

standard design and the proposed design as d%e&be&sgeuﬁed in the equation beIow w

Source Energy = Z(Electricitv Use; X SEpyn i) + Z(Gas Use; X SEg,,c,,-)

Where:

Electricity Use; = The electric energy used in the it hour.

SE,wh i = The source energy factor for electricity in the i hour.

Gas Use; = The gas energy used in the i hour.

SE.s,i = The source energy factor for gas in the i hour.

The hourly source energy factors provided by the CEC is-are used to determine compliance. To comply
through the performance compliance approach, the sSource eEnergy of the proposed design must be

equal to or less than the sSource eEnergv of the standard de5|gn This applies to newly constructed
buildings onl

hourly-factors).

2.1.6 Reporting Requirements for Unsupported Features

The compliance software shall have the input capabilities described in Chapter 2: General Compliance
Software Modeling Procedures and Requirements and meet required capabilities and pass applicable
certification tests as defined in Chapter 3: Compliance Software Test Requirements. While the vendor’s
ACM candidate compliance software does not need to implement every modeling rule in the
Nonresidential and Multifamily ACM Reference Manual, all ACM candidate compliance software
features, systems, components, and controls that are modeled must follow the modeling guidelinesrules

19


https://www.energy.ca.gov/files/2025-energy-code-date-and-hourly-factors
https://www.energy.ca.gov/files/2025-energy-code-date-and-hourly-factors

20252 ACM Reference Manual General Requirements for User-Entered Data

in the Nonresidential and Multifamily ACM Reference Manual. Vendors seeking certification for ACM
candidate compliance software programs to be used for Energy Code compliance should clearly state the
extent of the capabilities of their ACM candidate compliance software with respect to compliance.
Support of a modeling feature includes correctly processing user input, specifying the standard dessign
correctly, applying that information to simulation models, and processing the results.

Any building features or systems that cannot be modeled in a compliance software program shall show
compliance using prescriptive forms.

2.1.7 Building Envelope Descriptions

The user shall provide accurate descriptions for all building envelope assemblies including exterior walls,
demising surfaces, windewsfenestration, doors, roofs, exterior floors, slab-on-grade floors, below-grade
walls, and below-grade floors. The user shall provide data for all the required descriptors listed in
Chapter 5.5 Building Envelope Data for nonresidential occupancies and Chapter 6.10.79:6 Exterior
Surfaces for multifamily occupancies that correspond with these assemblies. However, the following
exception applies:

e Exterior surfaces with an azimuth orientation and tilt differing by no more than 45° that is
otherwise the same, may be described as a single surface or described as using multipliers. This
specification would permit a circular form to be described as an octagon.

2.1.8 Space-=Use Classification

The user must designate space-=use classifications that best match the uses for which the building or
spaces are designed. Space-=use classifications determine the default occupant density, occupant activity
level, receptacle power, service water heating, lighting load, daylighting set points, and operating
schedules used in the analysis. Process loads and refrigeration loads are also provided for applicable
space types. Each space=use classification must be associated with a ventilation space function that sets
the outdoor ventilation and/or exhaust requirement for the space. The user must choose a ventilation
space function from one or more options, depending on the space function.

The user must specify the space-=use classifications using the area category method. The area category
method uses the area categories in the standard design, which were developed for lighting
requirements. The area category method requires area category entry of floor area and space-=use
designations. More than one area category may be used if the building is a mixed-use facility.

The user may override the default assumptions for some building descriptors dependent on the space-=-
use classification with supporting documentation. Details are provided in Chapter 5.4: Space-=Uses for
nonresidential occupancies and Chapter 6.109: Cenditioned-SpaceZoness for multifamily occupancies of
this manual.

2.1.9 Treatment of Descriptors Not Fully Addressed by This Document

This document provides input and rating rules covering a full range of energy-related features
encountered in commercial buildings. However, this goal is unlikely to ever be achieved due to the large
number of features that must be covered and the continuous evolution of building materials and
technologies. Building features or systems not covered in this manual must apply for approval via

20



20252 ACM Reference Manual Thermal Zones, HVAC Zones, and Space Functions

through the exceptional calculation method to the CEC. This manual may be amended with provisions to
model additional features or HVAC systems during the code cycle. When this occurs, it is the
responsibility of the compliance software vendor to pass the necessary acceptance tests and apply for
approval for the rew-buildingadditional feature(s).

2.2 Thermal Zones, HVAC Zones, and Space Functions

2.2.1 Definitions

A thermal zone is a space or collection of spaces having similar space-conditioning requirements, has the
same heating and cooling set point, and is the basic thermal unit (or zone) used in modeling the building.
A thermal zone will include one or more spaces. Thermal zones may be grouped together, but systems
serving combined zones shall be subject to efficiency and control requirements of the combined zones.

An HVAC zone is a physical space within the building that has a thermostat and zonal system for
maintaining temperature. HVAC zones are identified on the HVAC plans. HVAC zones should not be split
between thermal zones; however, a thermal zone may include more than one HVAC zone.

A space function is a space-=use classification that has specific standard design lighting requirements and
for which there are associated defaults for occupancy, receptacle loads, and hot water consumption.
Space functions are associated with ventilation space functions that set outdoor air-=ventilation
requirements documented in the ACM appendices. An HVAC zone may contain more than one space
function. Particular space functions in a building may require multiple HVAC zones to serve the needs of
the space function. Appendix 5.4A lists the space functions that may be used with the compliance
software. Daylit areas should be assigned to specific spaces, even if they have the same classification
from Appendix 5.4A, so that lighting reductions due to daylighting can be determined at the appropriate
resolution.
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Figure 1: Hierarchy of Space Functions, HVAC Zones, and Thermal Zones

Source: California Energy Commission
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2.3 Compliance Software Modeling Requirements for
Zones

2.3.1 Required Zone Modeling Capabilities

For California compliance, compliance software shall accept input for and be capable of modeling a
minimum of 50 thermal zones, each with a control. Compliance software may use zone multipliers for
identical zones.

2.3.2 Modeling Requirements for Unconditioned and&-Indirectly
Conditioned Spaces

Unconditioned space is enclosed space that is neither directly nor indirectly conditioned peras specified
by the standards-definition in §Section 100.1. Examples include stairways, warehouses, unoccupied
adjacent tenant spaces, attached-sunspacesparking garages, attics, and crawl spaces.

Unconditioned spaces shall be modeled if they are part of the permitted space. All applicable envelope
information shall be specified in a similar manner to conditioned space_as designed, theughbut is not
subject to compliance with the standards-

If unconditioned space is not a part of the permitted space, the space may be either explicitly modeled
or the impact thereof on the permitted space may be approximated by modeling the space as outdoor
space. For unconditioned spaces that are explicitly modeled, all internal gains and operational loads
(occupants, water heating, receptacle, lighting, and process loads) shall be modeled as specified in
Appendix 5.4A.

Indirectly conditioned spaces are enclosed spaces that are not directly conditioned and meet the

indirectly conditioned space definition in §Section 100.1. These spaces can eithesbe either occupied or
unoccupied. For spaces that are unoccupied, such as plenumes, attics, or crawlspaces, lighting, receptacle,
and occupant loads shall be zero. For spaces that can be occupied, such as stairwells or storage rooms,
modeling assumptions shall be taken from Appendix 5.4A.

Return air plenums are considered indirectly conditioned spaces and shall be modeled as part of the
adjacent conditioned space with equipment, lighting, and occupant loads at zero.

Unconditioned spaces may not be located in the same thermal zone as conditioned spaces. Conditioned
spaces and indirectly conditioned spaces may be located in the same thermal zone or in separate zones.
When located in the same thermal zone, the indirectly and directly conditioned spaces are assumed to
have the space temperature schedule. When indirectly conditioned space is assigned to a thermal zone,
the zone cannot have heating/cooling system but can have a ventilation or exhaust system.
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2.3.3 Space-:Use Classification Considerations

Thermal zones shall be combined only if the spaces have similar space-=conditioning requirements and
operating schedules. Space function inputs, as how they translate to thermal zone and HVAC system
analysis assumptions, are defined by the following rules:

Spaces: Building spaces are sections of a building sharing the same space function (for example, office,
retail, lab) and serve as the structure for modeling the envelope, ventilation, exhaust, lighting,
daylighting, and occupancy and process loads of the building. Spaces can saly=have only one space
function, can eahe=be assigned to_only one thermal zone, and can’t span multiple building steriesfloors.

Space Functions: Each building space is assigned one space function. Design internal loads and other
space function input assumptions are defined in Appendix 5.4A. Appendix 5.4A also defines the schedule
group associated with each space function. The schedule group and the schedule values for each space
function are prescribed for compliance analysis.

Some space functions are common to many schedule groups. These space functions are defined in
Appendix 5.4A as having schedule groups that are editable. This addresses the issue of conflicting
schedule profiles if these common functions are combined into a single thermal zone or served by the
same HVAC system as surrounding zones. In the event the user does not assign a schedule group to
these common space types, a default assumption is defined in the Appendix 5.4A.

Thermal Zones: Spaces can be combined into thermal zones. In this situation, peak internal loads and
other design inputs for the thermal zone are modeled separately or weight-averaged based on floor
area. The thermal zone schedules (occupancy, HVAC schedule, lighting schedule, space setpoint
schedule) are based on the predominant schedule group described below. Thermal zones cannot
combine spaces that are associated with different building steriesfloors. Dwelling units shall be modeled
using at least one thermal zone per dwelling unit, except that those units facing the same orientations
may be combined into one thermal zone. Corner dwelling units and dwelling units with roof or floor
loads shall only be combined with dwelling units sharing these features. If multiple floors are the same,
then the modeler yeu-can use the floor multiplier to model multiple floors.

Schedule Group: There are many different schedule groups defined in Appendix 5.4B for California
compliance. Each schedule group defines hourly profiles for thermostat set points, HVAC system
availability, occupancy, lighting, receptacles, service hot water, gas equipment, infiltration, refrigeration
elevators, and escalators. The schedule group is based on the space function.

HVAC Systems: In many cases, more than one conditioned thermal zone is served by an HVAC system,
which has scheduled availability (ON or OFF) to address the occupancy and internal load patterns of the
thermal zones it serves.

Predominant Schedule Group: For a building thermal zone or building steryfloor that includes multiple
schedule groups, the hourly profiles are determined by the compliance software according to the
predominant schedule group for each thermal zone or building steryfloor. The predominant schedule
group for the thermal zone or building steryfloor is determined by the schedule group, as defined above,
associated with the largest floor area of the thermal zone or building steryfloor. Residential multifamily
dwelling units, hotel/motel guestrooms, and common areas associated with these residential spaces, as
well as enclosed parking garages and covered process spaces (laboratory, data, and commercial kitchen),
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shall always have their own prescribed schedule group, regardless of the predominant schedule group
for the thermal zone.

2.4 Unmet Load Hours

This manual uses the term “unmet load hours” (UMLHSs) as a criterion for sizing-standard-design
eguipmentandforotherpurpesesdetermining if the proposed design heating/cooling capacities are

sufficient to meet the isimulated loads. The concept of unmet load hours applies to thermal zones. For a

thermal zone, it represents the number of hours during a year when the HVAC system serving the
thermal zone is unable to maintain the set point temperatures for heating or cooling or both. During
periods of unmet loads, the zone temperature drifts above the cooling set point or below the heating set
point. A thermal zone is considered to have one UMLH if the zone temperature is outside a specified
tolerance below the heating or above the cooling set point for the entire hour. The set=-point tolerance
for nonresidential occupancies is defined in_Chapter 5.3.5 Space Temperature Control. 5.3.55:345-3-5
perature ControlSps :

Anr-UMLHs ean-occur only during periods when the zone is occupied. UMLH are accounted for in each
zone of the building. No zone in the building should exceed the maximum allowed UMLH.

UMLHs can occur because fans, airHowairlowsterminal units, coils, furnaces, air conditioners, or other
equipment are undersized. UMLH can also occur because of user errors such as inappropriate supply air
control set=-points. It is the responsibility of the user to address other causes of UMLH in the proposed
design.

UMLH apply to thermal zones that contain any space type that is normally occupied. Thermal zones that
contain only the space types listed below will not have UMLH criteria applied to them:

e Commercial and industrial storage areas

e Corridors, restrooms, stairs, and support areas

e Electrical, mechanical, telephone rooms

e Laundry rooms

e Locker/dressing rooms

e Parking garage areas

e Unoccupied gross floor areas

e Zones that are not subject to any UMLH checks or restrictions are listed in Appendix 5.4A.

2.5 cCalculation Procedures

The general calculatlon procedure is illustrated below in Figure 2: Calculatlon Process for Tltle 24Energ¥

éeﬂﬂ%:&empﬁee The proposed design ¥B¥Total LSC—eﬂergy Efﬁuency JZD¥LSC and source energy
use_are=s compared to the standard design by the compliance manager and must be equal to or less
than the standard design for the project to comply through the performance method.
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Figure 2: Calculation Process for Fitle 24Energy Code Compliance
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Source: California Energy Commission
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1. The process begins with a detailed description of the proposed design. Information is provided in
enough detail to enable an estimate of annual energy use for a typical weather year. Fhis-The
required information required-depends on the eemphance-scope of the project to be simulated
by the compliance software; but generally includes the building envelope, lighting systems, HVAC
systems, water heating systems, and other important energy-using systems. This collection of
information is referred to in this manual as building descriptors. Details on the building
descriptors are provided in Chapter 5: Nonresidential Building Descriptors Reference and Chapter
6: Multifamily Building Descriptors Reference. Where applicable, user inputs are checked to be

consistent with the sutes-efthis-guidance provided in this manual and the limitations of the
simulation software.

2. Before the calculations are performed, some of the building descriptors are modified for the
proposed design to incorporate prescribed modeling assumptions. Prescribed modeling
assumptions include internal-operating tead-schedules, occupant density, equipment power
density, and water-=heating loads.

3. Fhenextstep-isto-makeasimulation-eftAn annual simulation of the proposed design is
performed to calculate hourly energy usedetermine-hew-weH and determine whether the heating
and cooling loads are beiag=satisfied. The indicator,4s UMLHs, may for example,_ include the

number of occupied hours during the year when the space temperature in one or more thermal
zones is outside the throttling range. A large number of hours indicates system control issuese¢
an=tke undersized system, or a combination of factors-s-undersized-erbeth.

5. If the proposed UMLHs are greater than 150 for the year, a warning will be presented after the

simulation is complete, and the compliance report will be watermarked as not usable for
compliance. No zone, other than zones that are completely comprised of the irregularly occupied
space types listed above, may exceed 150 UMLH. It is up to the designer to adjust system control,

flow rates, or equipment sizes as necessary.

5 s-For comparison with the proposed design compliance
simulation, the standard design is generated following the rules in this manual.

8. Sizing calculations are performed for the standard design and heating equipment is oversized by
25 percent and cooling equipment by 15 percent.
9. An annual simulation of the standard design is performed with the —equipment capacities

determined from sizing to calculate the hourly energy use. The number of unmet UMLH for the
standard design i i

zonre-UMLbHis calculated and the information is available as an optional output. It is unllkely for

the standard design to have more than 150 UMLH since the standard design system capacities are
determined using a sizing run with additional oversizing multipliers, and controls are prescribed
to be consistent with the system type.
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10.If the UMLHSs in the standard design are greater than 150 the compliance software developer
should be notified for review. This situation does not impact the validity of proposed design
compliance.

11.Finally, the proposed design Total FBVLSC energy, Efficiency LSCFBY, andM source energy use and
standard design Total LSCFBM-energy, Efficiency LSCy-FBV; and source energy use are compared
for compliance depending on if the project is a newly constructed building, addition alone,
addition plus alteration of existing building, or alteration of existing building.

2.6 HVAC Capacity Requirements and Sizing

To ensure that the simulated space-conditioning loads are adequately met, adequate capacity must be
available in each of the components of the HVAC system,: for example, supply-airflowairflow rates,
cooling coils, chillers, and cooling towers. If any component of the system is incapable of adequate
performance, the simulation may understate the required energy inputsferuse of space-=conditioning
equipment and report unmet load hours. Therefore, Aadequate capacities are required in the
simulations of both the proposed design and standard design. The subchapters below describe the
procedures that shall be followed to ensure that both versions of the design are simulated with
adequate space-conditioning capacities.

The UMLHs Feqm-remem—may—be—&pdafeed—te—crlter|ona is used to prevent MWHVAC

systems £h

a—eemphanee—eFeelmhat may not adeguatel;g serve sgace——condmonmg needs. This requwement does not
mandate that a specific cooling or heating capacity be specifieds

ferthe-building. With this ehangerequirement, if the proposed design appears as under5|zed the user
will be prompted to adjust plant, system, zonal capacities, or a combination as needed to meet the
UMLH criteria.

The special case of a building designed with no cooling system (typically, in a temperate coastal climate)
is accommodated by the compliance software automatically adding a minimally compliant packaged
constant-volume, single-zone system.

2.6.1 Specifying HVAC Capacities for the Proposed Design

As described in Chapter 2.5: Calculation Procedures, the proposed design shall have no more than 150
UMLH for any thermal zone. If this limit is exceeded, the compliance software allows the user to make
changes to the proposed design building description to bring the UMLH equal to or below 150. This
process is not automated by the compliance software.

If the proposed design does not meet the UMLH criteria, the user should indicate the condition on the
forms to add necessary equipment capacity to the proposed design. If the space-conditioning criteria are
not met because the HVAC equipment in the proposed design lacks the capability to provide either
heating or cooling, equipment capable of providing the needed space conditioning must be specified by
the user.

Equipment sizes for the proposed design shall be entered into the model by the energy analyst and shall
agree with the equipment sizes specified in the construction documents. When the simulations of these
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actual systems indicate that specified space conditions are not being adequately maintained in one or
more thermal zone(s), the user shall be prompted to make changes to equipment sizes or zones as
necessary. Space conditions are not being adequately met when the UMLH exceed 150 for the year. The
use of equipment sizes that do not match the actual equipment sizes as indicated on construction
documents triggers an exceptional condition that is noted on the compliance forms.

2.6.2 Sizing Equipment in the Standard Design

For sizing heating and cooling equipment capacities, the compliance software shall use design day
schedules as specified in Chapter 5.2: Project Data. For cooling capacity sizing, compliance software shall
use the OnDay schedule from Appendix 5.4B for occupant, lighting, and equipment schedules,
respectively. For heating capacity sizing, compliance software shall use the OffDay schedule from
Appendix 5.4B for occupant, lighting, and equipment schedules, respectively.

Equipment in the standard design is automatically sized by the program as described below. Net coil
capacities are calculated using the adjustments described in Section 5.7.5 Cooling Systems and Section
5.7.6 Heating Systems. The compliance software will tabulate the zone UMLH for the standard design in
the same manner as the proposed design. However, standard design UMLHs will not influence
compliance analysis-results.

Single-Zone Air-Source Heat Pump Systems:

For standard design single-zone air-source heat pump systems, the sizing run shall be performed using
an electric resistance heating coil. Theis autosized electric resistance coil capacity is then used as an
input to determine the gross heating capacity of the heat pump at 47° F and the heat pump
supplemental heating coil using the equation below, which is used for determining the annual heat
pump heating coil capacities for the annual compliance simulation as described ferSingle-Zone-Air-
Seurce-HeatPump-Systemsin the next paragraph.

GrossHPHtgCapg;zing = GrosSERCApg;zing X (1 +0.0167 X (47 — DesignHeatingDBT))

GrossSuppHtgCap,;,in ¢ = GrossERCaps;,in g
Where:

GrossHPHtgCapsizing = the estimated gross heating capacity of the heat pump at 47°F outdoor air
temperature

GrossERCapsizing = the autosized gross electric resistance heating capacity from the sizing run
DesignHeatingDBT = the design heating outdoor air temperature used for sizing run
GrossSuppHtgCapsizing = the autosized gross electric resistance supplemental heating capacity

: A ; —~The heat pump gross coil capacity for
heatingc oollng at standard rating conditions is 1.15 times the maximum of either the autosized gross
cooling capacity plus the calculated design fan heat, or the autosized gross heating capacity as
determined using the equation for gross heating capacity calculated above belew multiplied by 0.75 less;

then-minus the calculated design fan heat;+ultiphedby-0-75. The heat pump gross coil capacity for
eooling-heating at standard rating conditions is the same as the coolingheating capacity.
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Fan capacity is 1.15 times the maximum of the autosized heating or cooling airflow, or the minimum
ventilation airflow, whichever is greater. The final calculated cfm/tong..ss shall not be less than 280 and
not more than 450.-

All Other Secondary Systems:

a oolne flowa flowo
00 A/ W5

g - , g ~The gross coil
capacity for heating at standard rating conditions is 1.25 times the autosized gross heating capacity. The
gross coil capacity for cooling at standard rating conditions is 1.15 times the autosized gross cooling
capacity plus the calculated design fan heat. For DX coils, the final calculated cfm/tong.ss shall not be less
than 280 and noter more than 450.

Fan capacity is 1.15 times the maximum of the autosized heating or cooling airflow, or the minimum
ventilation airflow, whichever is greater. For multi-zone systems, autosized airflow is determined based
on the coincident peak airflow needed byef all thermal zones at the design supply air temperature.

Plant Equipment: Fan-orpump-capacity-is-1-0-times-the design-day-peakloepflow-The gross coil
capacity for boilers at standard rating conditions is 1.25 times the design day peak loop load. The gross
coil capacity for chillers/heat rejection at standard rating conditions is 1.15 times the design day peak
loop load. Pump capacity is calculated using the final capacity and design deltaT of the primary
equipment i-servesserved by the pump.

2.6.3 Handling Proposed Design With No HVAC Equipment

If mechanical system compliance is included, as described in Chapter 5.2.3: Partial Compliance Model

Input Classification, and a compliance model does not contain an HVAC system, the compliance software
will generate an error and not run the simulation. For zones designed to not have a cooling system, the
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compliance software will automatically generate a minimally compliant, single-zone HVAC system to
meet the cooling loads for the zone. In cases where the design has cooling but &is insufficient to meet
the UMLH criteria, the user can select “Add cooling system to meet load,” and the compliance software
will automatically generate a minimally compliant, single-zone HVAC system to meet the cooling loads
for the zone. The compliance software shall make an appropriate note on compliance documentation
indicating that the modeled HVAC system does not match design requirements. If the compliance
software provides a means for the user to identify that the building has no cooling system, this
information is reported on the compliance reports.

2.7 Ventilation Requirements

Design decisions regarding outside air ventilation shall be based on §Section 120.1 of the Energy Code. If
local codes do not apply, minimum values from Appendix 5.4A shall be used. Chapter 5.6: HVAC Zone
Level Systems of the ACM has additional information on the ventilation requirements used in the
building descriptors for the proposed and standard design. While no compliance credit can be claimed
for reducing ventilation rates in the proposed design below the required levels, the user can specify
higher ventilation rates in the proposed design.
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3. Compliance Software Test
Requirements

This chapter contains the procedures used to test and certify vendor’s compliance software as
acceptable for compliance with Title 24, Part 6. The compliance software shall have the input capabilities
described in Chapter 2: General Compliance Software Modeling Procedures and Requirements and meet
required capabilities and pass applicable certification tests as defined in Chapter 3: Compliance Software
Test Requirements. Compliance software must also follow all modeling rules specified in Chapter 5:
Nonresidential Building Descriptors Reference and Chapter 6: Multifamily Building Descriptors
Reference. The tests-reference method testused-to-verify verifies compliance software functionality and
accuracy of simulation results arereferred-to-as-thereference-methodby identifying reference method
test cases and comparing the results of ACM candidate compliance software to the results of the
compliance manager. The reference method test casess fall into the following categories:

o Tests-Reference method test cases to verify that the compliance software is evaluating thermal

loads and the response of the HVAC systems to these loads in an acceptable manner. These tests
reference ASHRAE Standard 140-20238, Stenderé-Method of Test for Evaluatinges-ef Building
Performance Simulation SoftwareEs 9 9 9

e TestsReference method test cases that verify that compliance software is capable of modeling

envelope, lighting, HVAC, and water heating efficiency features and provides precise estimates of
energy tradeoffs and reasonably accurate predictions of building energy consumption.

o Tests-Reference method test cases to verify that the standard design building is created correctly.
For example, the standard design HVAC system is properly specified, other components of the
standard design are correctly defined, and rules that fix and restrict inputs (such as schedules and

plug loads) are properly applied. These tests do not verify simulation outputs but may require
simulations to be run to specify inputs that depend on system sizing.

The reference method-is_test cases are designed to cover representative compliance software
functionality for building envelope, space uses, lighting, daylighting, HVAC, and water heating, both for
simulation performance and for proper implementation of ACM rules specified in Chapter 5 Building
Descriptors Reference. The CEC reserves the right to add ruleset implementation tests or software
sensitivity tests to verify existing or future compliance software requirements. Moreover, the CEC
reserves the right to adjust the passing criteria for the compliance software sensitivity tests to reflect the
capabilities of commonly available energy simulation programs.

CEC approval of ACM candidate compliance software programs is intended to provide flexibility in
complying with the Energy Code. In achieving this flexibility, however, the ACM candidate compliance
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software shall not fail to meetdegrade the standardsEnergy Code or evade the intent of the Energy Code
to achieve a particular level of energy efficiency. The vendor has the burden of proof to demonstrate the
accuracy and reliability of the ACM candidate compliance software relative to the reference method test
cases and demonstrate the conformance of the ACM candidate compliance software to the
requirements of this manual. The

Aaccuracy of simulation are evaluated based on the following:-

+—The ACM candidate compliance software shall demonstrate acceptable levels of accuracy by

performing and passing the required certification tests discussed in Chapter 3.5: Software

Sensitivity Tests.

o
T

o—The ACM candidate compliance software vendor conducts the specified certification tests in

tsAppendix H, evaluates the results, and certifies in writing that

the ACM candidate compliance software passes the tests. The CEC will perform spot checks and may

require additional tests to verify that the proposed ACM candidate compliance software is appropriate
for compliance.

When energy analysis technigues are compared, two potential sources of discrepancies are 1) the
differences in user interpretation when entering the building specifications, and 2) the differences in the
ACM candidate compliance software algorithms (mathematical models) for estimating energy use. The
approval tests minimize differences in interpretation by providing explicit detailed descriptions of the
test buildings that must be analyzed. For differences in the ACM candidate compliance software
algorithms, the CEC allows algorithms that yield equivalent results.

The vendor shall follow the procedure described in this document to certify publicly to the CEC that the
ACM candidate compliance software meets the criteria in this document for:

e Accuracy and reliability when compared to the reference method test cases.

e Suitability in terms of the accurate calculation of the correct energy budget, the generation of

output for transmission to standardized forms, and documentation on how the program

demonstrates compliance.

In addition to specified technical criteria, CEC approval will also depend upon the CEC’s evaluation of:

e Enforceability in terms of reasonably simple, reliable, and rapid methods of verifying compliance

and application of energy efficiency features modeled by the ACM candidate compliance software

and the inputs used to characterize those features by the software users.

¢ Dependability of the installation and energy savings of features modeled by the ACM candidate

compliance software. The CEC will evaluate the probability that the measure will be installed and

remain functional. The CEC shall also determine that the energy impacts of the features that the

ACM candidate compliance software is capable of modeling will be reasonably and accurately

reflected in real building applications of those features. It is important that the ACM candidate
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compliance software does not encourage the replacement of actual energy savings with

theoretical energy savings due to tradeoffs allowed by the ACM candidate compliance software.

-

3.1 General Requirements

3.1.1 Scope

The compliance software must satisfy the requirements contained in this chapter.
The compliance software shall be capable of modeling at least 50 thermal zones.

The compliance software shall be capable of modeling at least 15 HVAC systems.

3.1.2 Calculation Methods

The compliance software shall calculate the annual consumption of all end uses in buildings, including
fuel and electricity for:

e HVAC (heating, cooling, fans, and ventilation).

e Lighting (both interior and exterior).

e Receptacles and miscellaneous electric.

e Service water heating.

e Process energy uses.

o All other energy end uses that typically pass through the building meter.

The compliance software shall perform a simulation on an hourly time interval (at a minimum) over a
one-year period (8,760 hours) with the ability to model changes in weather parameters, schedules, and
other parameters for each hour of the year. This is achieved by specifying a 24-hour schedule for each
day of the week plus holidays.

3.1.2.1 Calculating Design Loads

The compliance software shall be capable of performing design load calculations for determining
required standard design HVAC equipment capacities and air and water flow rates, as described in this
reference manual or using other accepted industry calculation methods showing equivalency.

3.1.2.2 Checking Simulation Output for Unmet Loads

The compliance software shall be capable of checking the annual simulation output for the proposed
design to ensure that thermal zone conditions are maintained within the tolerances specified in Section
2.4: Unmet Load Hours. The compliance software shall post a compliance analysis error and inform the
user of what zones violate the unmet load-=hour criteria.

3.1.3 Climate Data

The compliance software shall perform simulations using the official CEC weather files and design
conditions documented in Reference Appendices, Joint Appendix JA2.
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The compliance software shall calculate solar radiation on exterior surfaces on an hourly basis from the
values of direct normal irradiance and diffuse horizontal irradiance contained in the climate data, taking
ground reflectance into account.

The compliance software shall be capable of simulating time-of-use rates and apply both demand and
energy charges for each period of the rate schedule.

3.1.5 Fime-Dependent-Valued{FDV}-Energylong-term System Cost (LSC)

The compliance software shall be capable of converting site energy to LSC applying the CEC FBWLSC
multipliers for each hour of the simulation. See CEC Reference Appendices, Joint Appendix JA3.

3.1.6 Source Energy

The compliance software shall be capable calculating source energy for each hour of the simulation as
described in Chapter 2.13-7.5: Source Energy.

3.1.7 Thermal Mass

The calculation procedures used in the compliance software shall account for the effect of thermal mass
on loads due to occupants, lights, solar radiation, and transmission through building envelope on the
amount of heating and cooling required to maintain the specified space temperature schedules and on
variation in space temperature.

3.1.8 Modeling Space Temperature

The compliance software shall incorporate a dynamic simulation of space temperature that accounts for:

e Dynamics in change in heating and cooling setpoint temperatures.

e Dead band between heating and cooling thermostat settings.

e Temperature drift in transition to setback or setup thermostat schedules.

e Temperature drift in periods when heating or cooling capability are scheduled off.

o Temperature drift when heating or cooling capability of the system is limited by heating or
cooling capacity, aiflewairflow rate, or scheduled supply air temperature.

e Indirectly conditioned thermal zones, where the temperature is determined by internal loads,
heat transfer through building envelope, and heat transfer between thermal zones.

3.1.9 Heat Transfer Between Thermal Zones

The compliance software shall be capable of modeling heat transfer between a thermal zone and
adjacent thermal zones.

The compliance software shall account for the effect of this heat transfer on the space temperature,
space-conditioning loads, and resulting energy use in the thermal zone and adjacent thermal zones.

3.1.10 Control and Operating Schedules

The compliance software shall be capable of modeling control and operating schedules that can vary by:

e The hour of the day.
e The day of the week.
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e Holidays, which are treated as a special day of the week.

The compliance software shall be capable of explicitly modeling all of the schedules specified in
Appendix 5.4B of this manual.

3.1.10.1 Loads Calculation

The load calculations described in this chapter relate to the simulation engine, and not to the procedure
used by the design engineer to size and select equipment.

3.1.10.2 Internal Loads

The compliance software shall be capable of calculating the hourly cooling loads due to occupants, lights,
receptacles, and process loads.

The calculation of internal loads shall account for the dynamic effects of thermal mass.

The compliance software shall be capable of simulating schedules for internal loads in the form given in
Appendix 5.4B.

The simulation of cooling load due to lights shall account for:

e The effect of the proportion of radiant and convective heat, which depends on the type of light
and on the dynamic response characteristic.

e A portion of heat from lights going directly to return air. The amount depends on the type and
location of fixture.

3.1.10.3 Building Envelope Loads

The compliance software shall calculate heat transfer through walls, roofs, and floors for each thermal
zone, accounting for the dynamic response due to thermal characteristics of the particular construction
as defined in Chapter 5: Nonresidential Building Descriptors Reference and Chapter 6: Multifamily
Building Descriptor Reference.

The calculation of heat transfer through walls and roofs shall account for the effect of solar radiation
absorbed on the exterior surface, which depends on orientation and absorptance of the surface.

The compliance software shall calculate heat transfer through windows and skylights, accounting for
both temperature difference and transmission of solar radiation through the glazing.

Calculation of cooling load due to transmission of solar radiation through windows and skylights shall
account for:

e The variation of thermal properties of the fenestration system with ambient temperature.
e OQOrientation (azimuth and tilt of surface).
o The effect of shading from overhangs, side fins, or exterior horizontal slats.

3.1.10.4 Infiltration

The compliance software shall be capable of simulating infiltration that varies by the time of day and day
of the week. Schedules are provided in Appendix 5.4B.
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3.1.11 Systems Simulation
3.1.11.1 General
The compliance software shall be capable of modeling:

e The standard design building systems defined in Chapter 5: Nonresidential Building Descriptors
Reference and Chapter 6: Multifamily Building Descriptor Reference.

e The lighting, water-=heating, HVAC, and miscellaneous equipment detailed in Chapter 5:
Nonresidential Building Descriptors Reference and Chapter 6: Multifamily Building Descriptor
Reference.

e All compulsory and required features, as detailed in Chapter 5: Nonresidential Building
Descriptors Reference and Chapter 6: Multifamily Building Descriptor Reference.

The capability to model multiple zone systems shall allow at least 15 thermal zones to be served by one
multiple-zone system.

The compliance software shall be capable of modeling plenum air return.

3.1.11.2 HVAC Zone Level Systems

The compliance software shall be capable of simulating the effect on space temperature and energy use
of:

e Limited capacity of terminal heating devices.
e Limited capacity of terminal cooling devices.
e Limited rate of airflewairflow to thermal zones.

3.1.11.3 HVAC Secondary Systems and Equipment

The compliance software shall be capable of simulating the effect on energy use and space temperature
in thermal zones served by the HVAC system of:

e Limited heating capacity.
e Limited cooling capacity.

The simulation of HVAC systems shall account for:

o Temperature rise of supply air due to heat from supply fan, depending on the location of the fan.
e Temperature rise of return air due to heat from return fan.

e Temperature rise of return air due to heat from lights to return air stream.

e Fan power as a function of supply ai~flewairflow in variable-air-volume systems.

3.1.11.4 HVAC Primary Systems and Equipment

The compliance software shall be capable of simulating the effect on energy use of limited heating or
cooling capacity of the central plant system.

If the compliance software is not capable of simulating the effect of limited heating or cooling capacity of
the central plant system on space temperature in affected thermal zones, then it shall issue a warning
message when loads on the central plant system are not met.
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3.1.11.5 Equipment Performance Curves

The compliance software shall be capable of modeling the part-load efficiency and variation in capacity
of equipment as follows:

e Furnace efficiency as a function of part load.

e Boiler efficiency as a function of part load, supply hot water temperature, and return hot water
temperature.

e Water-cooled compressors, including heat pumps and chillers, efficiencies as a function of part
load, evaporator fluid, or air temperature and condensing fluid temperature.

e Air-cooled compressors, including heat pumps, direct expansion cooling and chillers, efficiencies
as a function of part load, ambient dry-bulb temperature, and wet-bulb temperature returning to
the cooling coil.

e Evaporative cooling system efficiency as a function of ambient wet-bulb temperature.

e Cooling tower efficiency as a function of range and ambient wet-bulb temperature.

3.1.11.6 Economizer Control

The compliance software shall be capable of modeling integrated air- and water-side economizers.

3.2 Special Documentation and Reporting
Requirements

3.2.1 Building Envelope
3.2.1.1 Roof Radiative Properties

The user shall enter three-year aged roof reflectance and emittance for roofs that have been certified by
the Cool Roof Rating Council. The compliance software shall report the product identification number(s)
of any roofing products used on the building, so that aged reflectance and emittance can be verified by
the code official.

3.2.2 Interior Lighting
3.2.2.1 Regulated Interior Lighting Power

Whenever any of the additional lighting power allowance for qualified lighting systems (the two
rightmost columns in Table 140.6-C of the Energy Code) are claimed, the compliance software shall
indicate on the compliance forms that verification is required.

3.2.2.2 Indoor Lighting Power (see Chapter 5.4.4: Interior Lighting)

Compliance software shall print all applicable lighting forms and report the lighting energy use and the
lighting level (watts/ft?) for the entire project. Compliance software shall report “no lighting installed” for
nonresidential spaces with no installed lighting. Compliance software shall report “default residential
lighting” for housing units of multifamily buildings and hotel/motel guest rooms.
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Lighting power in unconditioned spaces does not receive performance standards compliance credit, but
lighting in those spaces is required to meet the prescriptive requirements for regulated unconditioned
spaces, such as commercial and industrial storage spaces, and parking garages. When these types of
spaces are entered, the compliance software must report in the Special Features section that these
spaces must comply with the prescriptive requirements for such spaces.

3.2.2.3 Design lllumination Set Point

Spaces that have low design illuminance levels, below the ranges specified in Appendix 5.4A, shall
provide documentation showing the design illuminance to be used as the daylight illumination setpoint.

3.2.3 HVAC Exceptional Conditions

3.2.3.1 Equipment Sizing

When any proposed equipment size for secondary equipment or central plant equipment does not
match the equipment size listed on construction documents, an exceptional condition shall be reported
on compliance forms.

3.2.3.2 Process and Filtration Pressure Drop Allowance

Any nonzero values entered for supply fan process and filtration pressure drop are flagged as an
exceptional condition in the compliance documentation.

3.2.3.3 Natural Ventilation Specified

When natural ventilation is specified by the user for the proposed design for Hotel/Motel guestroomes,
the compliance software shall report an exceptional condition that the conditions in §Section 120.1(c) of
the Energy Code must be met. When natural ventilation is specified for common-use area in multifamily
buildings, the compliance software shall report an exceptional condition that the conditions in §Section
160.2(c) of the Energy Code must be met.

3.3 ASHRAE Standard 140-202334 Tests

This method of testing is provided for analyzing and diagnosing building energy simulation software
using software-to-software and software-to-quasi-analytical-solution comparisons. The method allows
different building energy simulation programs, representing different degrees of modeling complexity, to
be tested by comparing the predictions from other building energy programs to the simulation results
provided by the compliance software in question.

Compliance software must publish the results of ASHRAE Standard 140-202320844 tests, but these tests
are not part of the reference method.

The building energy simulation programs shall be tested according to ASHRAE Standard 140, except for
Sections 12 of Standard 140. The required tests shall include Weather Drivers Tests (Section 6), Building
Thermal Envelope and Fabric Load Tests (Section 7), Ground Coupled Slab-On-Grade Tests (Section 8),
Space-Cooling Equipment Performance Tests (Section 9), Space-Heating Equipment Performance Tests
((Section 10), and Air-Side HVAC Equipment Performance Tests (Section 11), along with the associated
reporting.
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During testing, hidden inputs that are not normally accessible to the user shall be permitted. The hidden
inputs are permitted to avoid introducing source code changes that are strictly used for testing.

The software vendor or third party, authorized by either the software vendor or the AHJ, shall publish on
a publicly available website the following ASHRAE Standard 140 test results, input files, and modeler
reports for each tested version of a building energy simulation program:

e Test results demonstrating the building energy simulation program were tested in
accordance with ASHRAE Standard 140 Annex A3 and that meet or exceed the values for

“The Minimum Number of Range Cases withing the Test Group to Pass” for all test
groups in ASHRAE Standard 140, Table A3-14.

e Test results of the building energy simulation program and input files used for generating
the ASHRAE Standard 140 test cases, along with the results of the other simulation
programs included in ASHRAE Standard 140, Annexes B8 and B16.

e The modeler report in ASHRAE Standard140 Annex 2, Attachment A2.8. Report Blocks A
and G shall be completed for results exceeding the maximum or falling below the
minimum of the reference values shown in ASHRAE Standard 140 Table A3-1 through

Table A3-13, and Report Blocks A and E shall be completed for any omitted results.

A software vendor of the simulation user interface or a third party authorized by the software vendor or
the AHJ shall also be permitted to meet the requirements for this section.

If a certification program exists for building energy simulation program tested to ASHRAE Standard 140,
the building energy simulation program shall be listed in the certification program.
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(S) 0200CZ-OffSml- Run01

‘ - Run Number

Prototype Name
Climate Zone

Prototype Number
S-Simple Geometry, D-Detailed Geometry
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05 001 15-RetiMed-EnvelopeRooflnsulation — Run Description

‘ | Prototype

Climate Zone

Test Run Number

02 110 15-0ffSmI-SG-EnvRooflnsulation Run Description

‘ | Prototype

Climate Zone

Test Run Number
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Version number Variation from Baseline
CBECC-Com 2019.1.2 Test Case TDV % variation U ] e S0 (3 Pass/Fail
Variation
Reference Model | Applicant Model | Reference Model |Applicant Model
CBECC-Com
2019.1.2 0300006-OffMed-Baseline
CBECC-Com
. 0.88% 3.45% Y v P
201912 |0318006-OffMed-BotOpWinNolnterlock ° ° i o
CBECC-Com
" " 1.73% 7.16% Yes Yes Pass
2019.12  |0318106-OffMed-BotMidOpWinNolnterlock ] ]
CBECC-Com
' . 2.68% 11.09% Y Y Pass
201912  |0318206-OffMed-BotMidTopOpWinNolnteriock g g N
TEECC Com
' : 1.73% 7.16% Y Y P
2019.12  |0318306-OffMed-BotMidOpWinNolnteriockToplnterlock b g N ass
CBECC-Com
2019.1.2 0400006-OffLrg-Baserun
CBECC-Com
- -0.26% 0.94% N Y P
201912 |0418406-OffLrg-TES-ChirPriority ° ° ° .
CBECC-Com
- -3.46% 1.65% N Y Pass
201912  |0418506-OffLrg-TES-StoPriority g g N
CBECC-Com Ves
2019.1.2 0400006-OffLrg-Baserun
CBECC-Com
. 10.29% 15.64% Y Y P
2019.12  |0419006-OffLrg-ActiveBeam g g N ass
CBECC-C
om 12.88% 19.19% Yes |Ves Fail

01 sg.Passi
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Prototype Description

small Office Building

Medium Office Building

Vintage Mew Construction Mew Construction
Locaticon CZ-6/15/16 CZ-3/6/15/16
Fuel Type gas, electricity gas, electricity

Total Floor Area (sq feet)

5500 (90.8 ft x 60.5ft)

53600 (163.58 ft x 109.2 ft)

Building shape

Aspect Ratio

15

15

Number of Floors

1

3

Window Fraction
{Window-to-Wall Ratio)

24 4% for South and 19 8% for the other three
orientations

[Window Dimensions: 6.0 ft x 5.0 ft punch
windows for all facades)

33% (Window Dimensions:
163.8 ft x 4.29 ft on the long side of facade
109.2 ft x 4.29 ft on the short side of the facade)

Window Locations

evenly distributed along four fagades

evenly distributed along four fagades

shading Geometry

none

none

Azimuth

noen-directional

noen-directional

Thermal Zoning

Perimeter zone depth: 16.4 fi.

Four perimeter zones, one core zone and an attic
zone.

Percentages of floor area: Perimeter 70%, Core
30%

Perimeter zone depth: 15 ft.

Each floor has four perimeter zones and one
COre zZone.

Percentages of floor area: Perimeter 40%, Core
60%
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Y4 - Jx | Decrease U value & SHGC of windows by 20% compared to baseline case
A U Vv W X
20CZ06MediumOffi \ , .
et Run N . Eelum®itice 21cz06Mediumoffice 22¢z06MediumOffice 23cZ06Mediumoffice
est Run Name nvelope . Envelope Infiltration Glazing WindowU Glazing WindowSHGC
2 Floorslabinsulation
3 Baseline CZo6MediumOffice CZ0EMediumOffice CZo6MediumOffice CZo6MediumOffice
Test Description Change Floor =lab F factor |Increase Exterior Wall Decrease U value of Decrease SHGC of windows
to 0.45 Infiltration by 10% windows by 20% compared |by 20% compared to
compared to baseline case |to baseline case baseline case
a
5 |Location CZ06 CZ06 CZ06 CZ06

A u 'l W X
et R Name ::f:lii':“'“mmﬁce 21CZ06MediumOffice 22€206MediumOffice 23C206MediumOffice
Floorslablnsulation Envelope Infiltration Glazing WindowU Glazing WindowSHGC
Baseline CZoEMediumOffice CZosMediumOffice CZ0eMediumOffice CZoEMediumOffice
Test Description Change Floor slah F factor  |Increase Exterior Wall Decrease U value of Decrease SHGC of windows
to 0.45 Infiltration by 10% windows by 20% compared |by 20% compared to
compared to baseline case |to baseline case baseline case
Location CZ08 CZ06 CZ06 CZ08
Dimensions
Tilts and orientations Refer MediumOffice
Window
Dimensions
Glass-Type and frame
U-factor (Btu / h * ft* * °F) 029
SHGC 0.2
Wisible transmittance
Operable area

52



20252 ACM Reference Manual Software Sensitivity Tests

53



20252 ACM Reference Manual Software Sensitivity Tests

4. Content and Format of Standard
Reports

Consult the Nonresidential and Multifamily Compliance Manual for the reports required to be manually
generated for any project. For nonresidential compliance, the PRF-01 report is generated by the
compliance software. For residential compliance, the low-rise multifamily certification of compliance
(LMCC) and the nonresidential and high--rise multifamily certification of compliance (NRCC) reports are
generated by the compliance software.
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5. Nonresidential Building
Descriptors Reference

5.1 Overview

This chapter specifies, for each building descriptor, the rules that apply to the proposed design and to the
standard design for nonresidential buildings and multifamily buildings as referenced in Chapter 6: Multifamily
Building Descriptors Reference.

5.1.1 Definition of Building Descriptors

Building descriptors provide information about the proposed design and the standard design. In this chapter,
the building descriptors are discussed in the generic terms of engineering drawings and specifications. By
using generic building descriptors, this manual avoids bias toward one energy simulation engine. The building
descriptors in this chapter are compatible with commonly used simulation software.

Each energy simulation program has a unique way of accepting building information. EnergyPlus uses a
comma delimited data file called an input data file (IDF). DOE-2 uses BDL (building design language) to accept
information. It is the responsibility of the compliance software to translate the generic terms used in this

chapter into the “native Ianguage of the simulation program. Figure 63: Information FlowFigure-66:
i illustrates the flow of information.
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Figure 6366%#: Information Flow

o User Interface

Modeling rules and

procedures manual Proposed Design » Standard Design
is written at this level Building Descriptors Building Descriptors
:" These native files Proposed Design Standard Design
: are in “simulator Simulator Input File Simulator Input File
language”

Weather files,

: materials library, > Energy Simulation Engine
:  etc.
Proposed Design Standard Design .
", Simulator Results File Simulator Results File .+
....................................... l OutputReports¢
Building Energy Energy Represen-
1 Summary Measures Results tations

Source: California Energy Commission

5.1.2 Organization of Information

Building descriptors are grouped under objects or building components. A wall or exterior surface (an object)
would have multiple building descriptors dealing with the geometry, thermal performance, and so forth. Each
building descriptor contains the following pieces of information:

BUILDING DESCRIPTOR TITLE
Applicability: Information on when the building descriptor applies to the proposed design.

Definition: A definition for the building descriptor.

Units: The units that are used to prescribe the building descriptor. A “list” indicates that a fixed set of choices
applies, and the user shall be allowed to enter only one of the values in the list.

Input Restrictions: Any restrictions on information that may be entered for the proposed design.

Standard Design: This defines the value for the “standard design,” or baseline building applied for this
building descriptor. A value of “same as proposed” indicates that the building descriptor is neutral, that is, the
value is set to match the proposed design value. In many cases, the value may be fixed or may be determined
from a table lookup. In some cases, the input may not be applicable.
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Standard Design: Existing Building: Standard design for existing buildings if different than for newly
constructed buildings.

5.1.3 HVAC System Map

The Nonresidential HVAC system in the standard de5|gn depends on the—pﬂmar—y predominant space function
types useeeeupaney-of the building e : ivity, the size of
the building, and the number of floors. In bu|Id|ngs with different space function types on different floors, the

standard design depends on the predominant space function type of each floor. Details about these systems
are provided in subsequent chapters.

Many of the building descriptors have a one-to-one relationship between the proposed design and the
standard design; for example, every wall in the proposed design has a corresponding wall in the standard
design. For HVAC systems, however, this one-to-one relationship generally does not hold. The number and
type of HVAC systems serving the proposed design and the standard design may be completely different in
type and components.

The HVAC systems in the standard design are determlned by Table 1: Nonresidential HVAC System Map¥sbile
: 3 5 d 3 p=-Map, which is based on space type,

system cooling capacity, number of above grade floors, climate zone, conditioned floor area, and, for some

spaces process load, and Iaboratory exhaust rate. Table 2: System Descriptions¥able-3+System

5 3 : , provides additional detail for each standard design system. Unless

otherwise noted all non-residential systems are set to meet the efficiency requirements for 3-phase

equipment.

For Systems 1, 3, 7, 9, 10, and 11, each thermal zone shall be modeled with a respective HVAC system. For
Systems 5, arae6, 14, and 15 each floor shall be modeled with a separate HVAC system. Floors with identical
thermal zones and occupancies can be grouped for modeling.

Table 12: Nonresidential HVAC System Map

Space Type Above-Grade Floors | Climate System Standard Design
Zone Cooling
Capacity
Multifamily (See NRMFACM (See (See (See NRMFACM
Chapter 6) NRMFACM | NRMFACM | Chapter 6)
Chapter 6) | Chapter 6)
Hotel/motel guestrooms No limit All No limit System 1 — RAC
Retail or grocery? Buildings < 2 floors 2-15 <65 System 3b — SZHP
kBtu/h
Retail or grocery? Buildings < 2 floors 2-15 265 System 7b — SZVAVHP
kBtu/h
Retail or grocery? Buildings < 2 floors 1,16 <65 System 3a — SZAC
kBtu/h
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Space Type Above-Grade Floors | Climate System Standard Design
Zone Cooling

Capacity
Retail or grocery? Buildings < 2 floors 1,16 265 System 7c —

kBtu/h SZVAVDFHP
Retail or grocery® and total Buildings = 3 floors 2-15 <65 System 3b — SZHP
building conditioned floor area kBtu/h
< 25,000 ft?
Retail or grocery?! and total Buildings = 3 floors 2-15 265 System 7b — SZVAVHP
building conditioned floor area kBtu/h
< 25,000 ft?
Retail or grocery?! and total Buildings = 3 floors 1,16 <65 System 3a — SZAC
building conditioned floor area kBtu/h
< 25,000 ft?
Retail or grocery® and total Buildings = 3 floors 1,16 > 65 System 7c —
building conditioned floor area kBtu/h SZVAVDFHP
< 25,000 ft?
School? and total building Buildings < 3 floors | 2-15 <65 System 3b — SZHP
conditioned floor area < kBtu/h
150,000 ft?
School® and total building Buildings < 3 floors 2-15 >65 System 7b — SZVAVHP
conditioned floor area < kBtu/h
150,000 ft?
School? and total building Buildings < 3 floors 1,16 <65 System 3c — SZDFHP
conditioned floor area < kBtu/h
150,000 ft?
School? and total building Buildings < 3 floors 1,16 > 65 System 7c —
conditioned floor area < kBtu/h SZVAVDFHP
150,000 ft?
School and total building 4 -5 floors 2,4, No limit System 15 —
conditioned floor area < 8-16 VAVAWHP
150,000 ft?
Warehouse and light No limit All No limit System 9 — HEATVENT
manufacturing that do not
include mechanical cooling in
the proposed design?

58




20252 ACM Reference Manual Overview

Space Type Above-Grade Floors | Climate System Standard Design
Zone Cooling
Capacity
Office in buildings with Buildings < 3 floors All <65 System 3b — SZHP
warehouse and light kBtu/h
manufacturing space?
Office in buildings with Buildings < 3 floors All 265 System 7b — SZVAVHP
warehouse and light kBtu/h
manufacturing space®
Office, financial institution, Buildings < 3 floors 1-15 <65 System 3b — SZHP
and library and total building kBtu/h
area < 25,000 ft?
Office, financial institution, Buildings < 3 floors 1-15 > 65 System 7b — SZVAVHP
and library and total building kBtu/h
conditioned floor area <
25,000 ft?
Office, financial institution, Buildings < 3 floors 16 <65 System 3a — SZAC
and library and total building kBtu/h
conditioned floor area <
25,000 ft?
Office, financial institution, Buildings < 3 floors 16 > 65 System 7c¢ —
and library and total building kBtu/h SZVAVDFHP
conditioned floor area <
25,000 ft?
Office, financial institution, 4 -5 floors All No limit System 15 —
and library and total building PVAVAWHP
conditioned floor area <
25,000 ft?
Office, financial institution, << 5 floors All No limit System 15 —
and library- and total building PVAVAWHP

area 25,000- 150,000 ft?

Covered process computer No limit All No limit System 11 — CRAC
room with total process load < Unit

800kW

Covered process computer No limit All No limit System 10 — CRAH
room with total process load > Unit

800kW

Covered process laboratory Buildings<3 All No limit System 7ba —
with-tetal-buildinglaberatery | fleersNo limit SZVAVHPAC
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Space Type

Above-Grade Floors

Climate
Zone

System
Cooling
Capacity

Standard Design

with design maximum exhaust
<-1520,000 cfm or less or
meets an exception® and total
building conditioned area <
less than 25,000 ft?

Covered process laboratory
with design maximum exhaust
20,000 cfm or less or meets an

exception®with-total building
Lol loci )
exhaust >15,000-cfm-and and
total building conditioned
floor area 25,000 ft? and less
than <-150,000 ft?>_and-serving
asingle zone

No limit

All

No limit

System 5 — PVAV

Covered process laboratory
with design maximum exhaust
20,000 cfm or less or meets
exception®with-total-building
1ot losi .
exhaust>15,000-cfm-and and

total building conditioned
floor area > 150,000 ft* and

. il

No limit

All

No limit

System 6 — VAV

Covered process laboratory

" building lal
design maximum exhaust
greater than> 20,000 cfm -and
does not meet exception®
with; total building
conditioned floor area 25,800
ft>-and-less than 150,000 ft2

I . Lol

No limit

No limit

System 14a —

ACSZ4BVAV

Covered process laboratory
" L building tol

design maximum exhaust

greater than= 20,000 cfm and

does not meet an exception®

withs total building

No limit

No limit

System 14b —

WCSZ4RVAV

60




20252 ACM Reference Manual

Overview

with > 150,000 ft? conditioned
floor area

Space Type Above-Grade Floors | Climate System Standard Design
Zone Cooling
Capacity
conditioned floor area =
150,000 ft2 or greater-and
. ol
Covered process commercial No limit All No limit System 13a —
kitchen for buildings that use BKITCHMAU
System 6 — VAV
Covered process commercial No limit All No limit System 13b —
kitchen for buildings that don’t PKITCHMAU
use System 6 — VAV
Healthcare facilities No limit All No limit Same as the Proposed
Design
All other spaces in buildings Buildings < 3 floors All <65 System 3a — SZAC
with < 25,000 ft° conditioned kBtu/h
floor area
All other spaces in buildings Buildings < 3 floors All > 65 System 7a — SZVAVAC
with < 25,000 ft? conditioned kBtu/h
floor area
All other spaces in buildings 4 -5 floors All No limit System 5 — PVAV
with < 25,000 ft? conditioned
floor area
All other spaces in buildings > 5 floors All No limit System 6 — VAV
with < 25,000 ft2 conditioned
floor area
All other spaces in buildings < 5 floors All No limit System 5 — PVAV
with 25,000 — 150,000 ft?
conditioned floor area
All other spaces in buildings > 5 floors All No limit System 6 — VAV
with 25,000 — 150,000 ft?
conditioned floor area
All other spaces in buildings No limit All No limit System 6 — VAV

Source: California Energy Commission
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Notes:

1) “Retail or grocery” building space types include “Pharmacy Area,” “Retail Sales Area (Fitting Room),” “Retail
Sales Area (Grocery Sales),” “Retail Sales Area (Retail Merchandise Sales),” “Concourse and Atria Area,”
“Exercise/Fitness Center and Gymnasium Areas” and “Beauty Salon Area.” To qualify for this system, the
building stery-floor that includes these spaces must predominantly have a “Retail” function schedule group
(FuncSchGrp), specified by perAppendix 5.4A, and be part of a building with only three above-grade steries
floors or less. If these are not met, the standard design system is determined using the “All other spaces”
categories.

2) “School” building space types include “Classroom, Lecture, Training, Vocational Areas.” To qualify for this
standard design system, the building steryfloor that includes these spaces must predominantly have a
“School” function schedule group (FuncSchGrp), specified by perAppendix 5.4A, and be part of a building
with only three above-grade steries-floors or less. If these are not met, the standard design system is
determined using the “All other spaces” categories.

3) Warehouse and light manufacturing spaces are those identified as having a “Warehouse” or
“Manufacturing” function schedule group (FuncSchGrp), specified by perAppendix 5.4A.

4) Office, financial institution, and library spaces include “Copy Room,” “Financial Transaction Area,” “Library,
Reading Areas,” “Library, Stacks,” “Office (Greater than 250 square feet in floor area)," “Office (250 square
feet in floor area or less),” “Videoconferencing Studio,” and “Waiting Area.” To qualify for this system, the
building steryfloor that includes these spaces must predominantly have an “Office” function schedule group
(FuncSchGrp), specified by per-Appendix 5.4A-and-bepartofa-buildingwith-only-three-above-gradestories.
If these are not met, the standard design system is determined using the “All other spaces” categories.

5) Exceptions ferpertaining to covered process laboratory systems include:

i) eExisting systems without heating or cooling that are altered,

ii) sSystems in climate zone 7, 15

iii) ersSystems dedicated to vivarium/biesafety- spaces or spaces classified as biosafety level 3 or higher.
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System Type
System 1 — RAC

System 2 — RESERVED
System 3a — SZAC

System 3b — SZHP

System 3¢ — SZDFHP

System 4 — Reserved
System 5 — PVAV

System 6 — VAV

System 7a — SZVAVAC

System 7b — SZVAVHP

Description
Residential air
conditioner

Packaged single-zone

air conditioner

Packaged single-zone
heat pump

Packaged single-zone
dual-fuel heat pump

Packaged VAV

Built-up VAV

Packaged single-zone
variable-air-volume air
conditioner

Packaged single-zone
variable-air-volume
heat pump
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Table 23: System Descriptions

Detail

Single-phase single-zone system with
constant volume fan, no economizer, direct
expansion cooling, and gas furnace heating.

Single-phase single-zone system with
constant-volume fan, direct expansion
cooling, and gas furnace heating.
Single-phase single-zone system with
constant-volume fan, direct expansion heat
pump cooling and heating, and electric
resistance supplemental heating.

Single-zone system with constant-volume fan,
direct expansion heat pump cooling and
heating, and gas supplemental heating.

Multi-zone packaged system with variable-air-
volume fan, direct expansion cooling, hot
water heating served by gas boilergasfuraace
keating, and hot water reheat terminal units
served by a central gas boiler.

Multi-zone built-up system with variable-air-
volume fan, chilled water cooling provided by
a central water-cooled chiller and cooling
tower, and hot water heating provided by
central gas boiler.

Single-zone system with variable-air-volume
fan, direct expansion variable-speed-drive
cooling, and gas furnace heating.

Integrated economizer for standard design
cooling capacities > 33 kBtu/h.

| I ar ! desi
. e s 33 KBt/

Single-zone system with variable-air-volume

fan, direct expansion heat pump cooling and
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System Type

System 7c — SZVAVDFHP

System 8 — RESERVED

System 9 — HEATVENT

System 10 — CRAH

System 11 — CRAC

System 12 — Reserved
System 13a — BKITCHMAU

System 13b — PKITCHMAU

System 14a — AC4ARSZVAV

Description

Packaged single-zone
variable-air-volume
dual-fuel heat pump

Heating and ventilation
only

Computer room air
handler

Computer room air
conditioner

Built-up kitchen
makeup air unit

Packaged kitchen
makeup air unit

Air-cooled 4=pigesingle
zone VAV
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Detail
heating, and electric resistance supplemental
heating.

Mini : oot 0.2 forl
spacesand-0-5forallotherspaces:

Minimum fan speed ratio of 0.2 for laboratory
spaces and 0.5 for all other spaces.

Single-zone system with variable-air volume
fan, direct expansion heat pump cooling and
heating, and gas supplemental heating.

Single-zone system with a constant volume
fan and gas furnace heating.

Single-zone built-up system with variable-air-
volume fan, chilled water cooling provided by
a central water cooled chiller and cooling
tower, and no heating.

Single-zone packaged system with variable-air
volume fan, direct expansion cooling, and no
heating

Built-up single-zone makeup air unit with
dedicated exhaust fan, chilled water cooling
provided by a central water cooled chiller and
cooling tower, and hot water heating
provided by central gas boiler.ehilled-water
Packaged single-zone makeup air unit with
dedicated exhaust fan, direct expansion
cooling, and gas furnace heating.

MulE=Single zone built-up 4 pipe system with
variable-air--volume fan, chilled water
provided by a dedicated air-cooled chiller,
and hot water provided by a dedicated air-to-
water heat pump. The air handler has a heat
recovery coil peras specified by Section
140.9(c)6 of the Energy Code. Each zone has a
chilled water or hot water changeover coil
with a 6-way valve for cooling or heating.
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System Type

System 14b —
MECADVAN\WCSZVAV

System 15 — PVAVAWHP

Description
Water-cooled 4

pigesingle zone VAV

i Packaged VAV
with AWHP heating

Overview

Detail

MuiE=Single zone built-up 4 pipe system with
variable-air-volume fan, chilled water
provided by a central water-cooled chiller
plant, and hot water provided by a dedicated
air-to-water heat pump. The air handler has a
heat recovery coil peras specified by Section
140.9(c)6 of the Energy Code. Each zone has a
chilled water or hot water changeover coil
with a 6-way valve for cooling or heating.
Multi-zone bui ackaged system with

fan, ebilled-watercostng

variable-air-volume

direct expansion coolings, and
hot water heating provided by an air to water

heat pump (AWHP). See Table 3: System 15 —
PVAVAWHP: Standard Design Criteriafabie-4:

system details based on occupancy served

and climate zone.

Source: California Energy Commission

Table 34: System 15 — PVAVAWHP: Standard Design Criteria

Design Criteria
Percentage of perimeter zone

Schools
All CZ: 100%

terminal units utilizing parallel

fan powered boxes
Ventilation System
Max system fan power

Design leaving water
temperature

Minimum part load fratio
AWHP minimum operating
temperature

CZ72,4,11-16: HRV

Offices
CZ1-6,16:100% of heating capacity
CZ 7-15: 25% of heating capacity

CZ1,3,5:HRV

CZ 2: 15% lower than

CZ 3, 5: 15% lower than 140.4(c)1

140.4(c)1
CZ2:<120°F

All CZ: 20%
All CZ: 3817 °F

No requirement

All CZ: 20%
All CZ: 1738 °F

The standard design systems serving mixed-use buildings are different from the standard design systems

serving nonresidential space types. Also, spaces containing covered processes are served by dedicated
standard design systems separate from systems serving other nonresidential space types. Examples include
hotel/motel guestroom and related spaces located over retail and other similar conditions. For example, a
100,000 ft2 building that has retail and restaurant on Floor 1, offices on Floors 2, 3, and 4, a 600-kW process
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load computer room on each office floor, and guestrooms on Floors 5, 6, and 7 would have the following
systems in the standard design:

O—A-System 13a or b — BKITCHMAU or PKITCHMAU servmg the restaurant commercneal kitchen zone

e Separate System 11 — CRAC systems serving each computer room

e Separate System 1 — RAC systems serving each guestroom space, with a System 6 — VAV system serving
corridors and other non-guestroom spaces on each floor

e System 6 — VAV serving all other conditioned spaces, including retail spaces since the building has
more than three steriesfloors, as well as the dining area of the restaurant.

The standard design building shall have only one central chilled and/or hot water plant, so if there are
multiple systems that incorporate a central plant (for example, CRAH and VAVsS), then a single plant shall
serve all plant loads.

5.1.4 Additions and Alterations System Modification

For nonresidential additions and alterations prejeetsto existing buildings, existing-systems-ir-the-propesed
design-will-be-keptthesame-in-thestandard-desigh-buildingthe standard design HVAC system and the

proposed design system will be the same for all existing systems. The For new and altered HVAC systems, the
standard design system is determined as described in Chapter 5.1.4 Additions and Alterations System
Modification. map-foradditionsand-alterationsprojects-willilin some cases when identifying the HVAC
system, be-based-en-the characteristics for the entire building (existing plus any addition) must be considered.
Therefore, the existing building floor area and number of steriesfloors must be entered. (See Chapter 5.2.2:
Existing Building Classification.)

3- The building conditioned floor area and number of steriesareacharacteristiesfloors that are is used in

the HVAC system map are-is determined by therulesbelowthe following rules.
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a For an existing building
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b , | Coolines
e—Fhe-followingrulesapplytoany-buiding-that has both heating and cooling systems.

d.

——PantPrimary: If the change in plant-cooling capacity of all new primary (plant)

cooling equipment exceeds 50 percent of the existing-total plant cooling capacity-ef
all-cooling-systems, the system-map-is-based-on-theconditioned floor area and total
above-grade steriesfloors of the entire building is usedeharacteristies. {See-Chapter

S 2 2. Existing Building Classification)

H#i—Airside-Non-Hydronic SecondarySystem: If the change in cooling capacity eftheair

side-system-{forexampleai—handling units, DX-packaged-units)-of all new secondary

cooling seurees-coils other than_hydronic chilled water exceeds 50 percent of the
existingrated-total cooling capacity for the building, the conditioned floor area and
total above-grade steriesfloors of the entire building is used.then-the-HVACsystem

< baced on.t! o building cl

Combined Secondary: -Alse-lf the combined ret-cooling capacity of all (hydronic +

non-hydronic) altered-new airside-secondary systems-cooling coils exceeds 90
percent of the total building cooling capacity, the conditioned floor area and total

above-grade steriesfloors of the entire building is used.thenthe HVACsystemmap-s

If none of these-three primary, non-hydronic secondary, or combined secondary conditions descriptions

apply, then-the-HVACsystem-map-is-based-en-the conditioned floor area the-building-characteristies-of only
the medeled-addition and existing areasalterationpertion- ofthe buildingwith new heating/cooling

equipment and total above-grade storiesfloors of the entire building is used.feradditions-and-alterations

g—TFhe-followingrules-applyteany-bFor an existing building that has only heating-only systems.

h.
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#——PantPrimary: If the change in plant-heating capacity of all new primary (plant)
heating equipment exceeds 50 percent of the existing total space-plant heating
capacity-efal-heating-systems, the conditioned floor area and total above-grade
steriesfloors of the entire building is used. the-systemap-is-based-en-the-entire
buildinecl ctics.

ii.

iv. Adrside-Non-Hydronic SecondarySystem: If the change in heating capacity efthe
alrside-systems-{unitary-DX-equipment-heat pumps,forexample}-of all new

secondary heating seurees-coils other than hydronic heating-hot water or steam (if

supported) exceeds 50 percent of the existingratedtotal eeelingheating capacity for
the building, the conditioned floor area and total above-grade steriesfloors of the
entire building is used.then-the-HVACsystem-map-is-based-en-the-entire-building

v. Combined Secondary: -Alse-If the combined ret-heating capacity of all (hydronic +
non-hydronic) altered-new airside-secondary heating coils systems-exceeds 90
percent of the building heating capacity, the conditioned floor area and total above-
grade steriesfloors of the entire building is used.

b If none of these three conditions apply, the conditioned floor area of only the

addition and existing areas with new heating equipment and total above-grade
storiesfloors of the entire building is used.lfrone-ofthese three conditionsabove

5—2—2—Be%ﬂg—Bbﬁld+ﬁg—Glass|ﬁeaaen—)New or replaced systems in added or altered areas of existing

buildings are not subject to Section 140.4(a)2 requirements. New or replaced systems in altered areas
of existing buildings must comply with Section 141.0(b)2Cii. In this case, the conditioned floor area
and total above-grade storiesfloors determined in the step above are used as inputs to the revised

system map below, when agglicable. For all other systems Table 1: Nonresidential HVAC System

5 is applicable.
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Table 4554: Nonresidential HVAC System Map (Alterations)¥able oG

Nenresidential HVAC System-Map-(Alterations)

Space Type Above-Grade | Climate Zone System Cooling Standard
Floors Capacity Design

Retail or grocery Buildings <<=2 | 3-13 and 15 <65 kBtu/h System 3b -
floors SZHP

Retail or grocery Buildings <=2 | 1,2, 14 and 16 <65 kBtu/h System 3a -
floors SZAC

Retail or grocery, conditioned | Buildings =3 3-13 and 15 <65 kBtu/h System 3b -

area < 25,000 ft2 floors SZHP

Retail or grocery, conditioned | Buildings =3 1,2,14and 16 <65 kBtu/h System 3a -

area < 25,000 ft? floors SZAC

School, conditioned floor area | Buildings < 3 1-15 <65 kBtu/h System 3b —

< 150,000 ft? floors SZHP

School, conditioned floor area | Buildings <3 16 <65 kBtu/h System 3b —

< 150,000 ft? floors SZAC

Office or financial institution, Buildings £ 3 3-13 and 15 <65 kBtu/h System 3b —

conditioned floor area < floors SZHP

25,000 ft?

Office or financial institution, Buildings £ 3 1,2,14and 16 <65 kBtu/h System 3a -

conditioned floor area < floors SZAC

25,000 ft?

Library, conditioned floor area | Buildings <3 1, 3-15 <-65 kBtu/h System 3b —

< 25,000 ft? floors SZHP

Library, conditioned floor area | Buildings <3 2and 16 <65 kBtu/h System 3a -

< 25,000 ft? floors SZAC

5.1.5 Special Requirements for Additions and Alterations Projects

Compliance projects containing additions or alterations or both require that the user designate each building
component (envelope construction assemblies and fenestration, lighting, HVAC, and water heating) as either
new, altered, or existing. Many of the building descriptors in Chapter 5: Nonresidential Building Descriptors
Reference of this manual do not have explicit definitions for the standard design when the project is an
addition or alterations project or both. For these terms, the standard design rules for existing, altered
components follow the same rule as the standard design rule for newly constructed buildings.

For example, the receptacle loads are prescribed for both the proposed design building and standard design
building for a newly constructed buildings compliance project. For additions or alterations to an existing
building, since the rules are not explicitly defined in the building descriptor in Chapter 5.3.3: Receptacle
Loads, the same rules apply to the proposed design and standard design for the additions or alterations
compliance project.
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Building descriptors that are prescribed for the proposed and standard design models for newly constructed
buildings projects are also prescribed for the proposed and standard design models for additions and
alterations projects.

For additions and alterations projects, there are three modeling approaches that can be taken when
modeling the existing building:

e Model the addition or altered portion alone. For this option, the addition or alteration is modeled as a
stand-alone building, and the boundary or interface between the addition or alteration (or both) and
the preexisting building is modeled as an adiabatic partition (an adiabatic wall, ceiling, roof, or floor).

e Model the entire existing building and any additions and alterations. For this option, the existing,
unaltered components of the building would be modeled “as designed” (as specified by the user),
with the standard design components modeled the same as the proposed design.

e Model part of the existing building and any additions and alterations. For this option, all components
of the existing, unaltered building (HVAC, lighting, envelope, spaces) would have to be distinguished
from the components that are added and altered. The existing building components would be
modeled “as designed” (as specified by the user), with the standard design components modeled the
same as the proposed design. Added or altered building components would follow the rules for
additions and alterations.

When either Option 1 or Option 3 is used, the adiabatic partitions shall not be considered as part of gross
exterior wall area or gross exterior roof area for the window/wall ratio (WWR) and skylight/roof ratio (SRR)
calculations.

5.2 Project Data

This chapter specifies inputs for project-level information, including the location of the project and
information on who is working on who is responsible for different portions of the building project.

5.2.1 General Information
The general information of the project identifies the basic information for where the project will be

implemented and identifies a person to be responsible for different portions of the project. In a building
project, the location of the project will help inform the climate zone applicable to the project.

The various roles that are identified can be used to coordinate between the design and modeling teams. By
identifying a main lead for various parts of the building, questions regarding the design of specific building
components can more quickly be answered.

Specifying the building project compliance type is important for developing the building model. The
compliance type will inform assumptions made in the standard and proposed design. It is important to
correctly identify the compliance type as this can have a major effect on modeling results.

PROJECT NAME
Applicability: All projects.
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Definition: Name used for the project if one is applicable.
Units: Yp-te-50-aAlphanumeric characters.
Input Restrictions: Input is optional for the proposed design.

Standard Design: Not applicable.

PROJECT OWNER
Applicability: All projects.

Definition: Owner(s) of the project or individual or organization for whom the building permit is sought
should include name, title, organization, email, and phone number.

Units: Yp-te-50-aAlphanumeric characters on each of two lines.
Input Restrictions: Input is optional for the proposed design.

Standard Design: Not applicable.

ENVELOPE DESIGNER
Applicability: All projects.

Definition: Person responsible for the building design; information should include name, title, organization,
email, and phone number.

Units: Up to 50 alphanumeric characters on each of two lines.
Input Restrictions: Input is optional for the proposed design.

Standard Design: Not applicable.

MECHANICAL DESIGNER
Applicability: All projects.

Definition: Person responsible for the mechanical design; information should include name, title,
organization, email, and phone number.

Units: Up to 50 alphanumeric characters on each of two lines.

Input Restrictions: Input is optional for the proposed design.
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Standard Design: Not applicable.

LIGHTING DESIGNER
Applicability: All projects.

Definition: Person responsible for the lighting design; information should include name, title, organization,
email, and phone number.

Units: Up to 50 alphanumeric characters on each of two lines.
Input Restrictions: Input is optional for the proposed design.

Standard Design: Not applicable.

DOCUMENTATION AUTHOR
Applicability: All projects.

Definition: Person responsible for inputting building information and performing the compliance analysis;
information should include name, title, organization, email, and phone number.

Units: Up to 50 alphanumeric characters on each of two lines.
Input Restrictions: Input is optional for the proposed design.

Standard Design: Not applicable.

DATE
Applicability: All projects.

Definition: Date of completion of the compliance analysis or the date of its most recent revision.
Units: Date format.
Input Restrictions: Input is optional for the proposed design.

Standard Design: Not applicable.

COMPLIANCE TYPE
Applicability: All projects.

Definition: Type of compliance project (newly constructed buildings, partial compliance or additions and
alterations).

Units: List:

e New Complete: aNewly constructed buildings project assessing compliance of envelope, lighting,

mechanical, ard-domestic hot water systems, and when applicable photovoltaic and battery systems.

e New Envelope: aNewly constructed buildings project, assessingpartial compliance of buildingwith
envelope systems only.
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L 3

New Mechanical: aNewly constructed buildings project, assessing pa#hal—compllance withof bmldmg
mechanical systems only. Fhi
whichshould-havealready beenperformed:

£ 3

New Envelope And Lighting: aNewly constructed buildings project, assessingpartial compliance withof
building envelope and lighting systems.

New Envelope And_Partial Lighting: aANewly constructed buildings project, assessingpartiat compliance
with-of building envelope systems. ardCompliance of lighting systems-eemplianee for some spaces are
also assessed.

New Envelope And Mechanical: aNewly constructed buildings project, partiat-assessing compliance
with-0 fbwldmg mechanical and envelope systems. enJy

New Envelope And Partial Mechanical: Newly constructed buildings project, assessing compliance of
building envelope systems. Compliance of mechanical systems for some spaces are also assessed.

New Mechanical And_Lighting: aNewly constructed buildings project, partial-assessing compliance
with-of building mechanical and lighting enlysystems.-Fhe-buildingshould-have-alreadypassed-an
New Mechanical And_Partial Lighting: ANewly constructed buildings project, partial-assessing
compliance with-of building mechanical systems and-Compliance of Ilghtmg system eemphanee for
some spaces_are also assessed.
comphanece:

New Lighting And Partial Mechanical: Newly constructed buildings project, assessing compliance of
building lighting systems. Compliance of mechanical systems for some spaces are also assessed.

Existing Alteration: aAlteration_of existing buildings project assessing compliance of the alteration

envelope, lighting, mechanical, and domestic hot water systems.

Existing Addition And Alteration: Alteration of existing buildings and addition to existing buildings
project assessing compliance of addition and alteration envelope, lighting, mechanical and domestic
hot water systems.-with-beth-additionsand-alterations

Addition_Complete: anaAdditions to an existing building project assessing compliance of the addition
envelope, lighting, mechanical and domestic hot water systems.-medeled-alene

Addition_Envelope: Additions to an existing building project with-partialenvelope-compliancefora

new-additenassessing compliance of the addition envelope systems.

Addition Mechanical: Additions to an existing building project assessing compliance of the addition

mechanical systems.

Addition_Envelope And Lighting: an-Additions to an existing building with-partial-envelope-andlighting
comphanceforanew-additienproject assessing compliance of the addition envelope and lighting
systems.
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Addition Envelope And Partial Lighting: an-aAdditions to an existing building project assessing
compliance of the addition envelope systems. Compllance of Ilghtlng svstems for some additions
spaces are also assessed. j

Addition_Envelope And_Mechanical: araAdditions to an existing building project assessing compliance

of the addition envelope and Ilghtmg svstems mdeled—wrth—as—des@qed-emmepe—and—meehamem

Addition Envelope and Partial Mechanical: Additions to an existing building project assessing

compliance of the addition envelope systems. Compliance of mechanical systems for some additions
spaces are also assessed.

Addition_ Mechanical And Lighting: an-aAdditions to an existing building project assessing compliance

of the addition mechanical and Ilghtmg systems. -medeled—wrth—as—de&rgned—meeha—mea#%%ag

Addition_ Mechanical And Partial Lighting: anaAdditions to an existing building project assessing
compliance of the addition mechanical svstems Compllance of I|ght|ng systems for some additions
spaces are also assessed. i ieht

Input Restrictions: As designed.
Standard Design: Same as proposed.

5.2.2 Existing Building Classification

The existing building classification provides general information on the building used for information and
reporting purposes. The number of steriesfloors in the existing building and area of the building, including
any additions, are required inputs.
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EXISTING BUILDING NUMBER OF STORIESFLOORS
Applicability: Additions and alterations.

Definition: Total number of steriesfloors of the building (For information and reporting purposes only).
Units: Integer

Input Restrictions: As designed.

Standard Design: Not applicable.

Standard Design: Existing Building: Same as the proposed design.

EXISTING BUILDING FLOOR AREA
Applicability: Additions and alterations.

Definition: Total floor area of an existing building, including any additions, if present (for information and
reporting purposes only).

Units: ft°.

Input Restrictions: As designed.

Standard Design: Not applicable.

Standard Design: Existing Building: Not applicable.

5.2.3 Partial Compliance Model Input Classification

Earlier chapters of this reference manual have described the available partial compliance scenarios_for newly
constructed buildings or additions/alterations -that are-net“complete”address one or more but not all of the
building systems. The compliance software that supports these scenarios must define the inputs for both the
proposed design and the standard design for unpermitted portions of the building. “New” below refers to the
particular partial compliance option for newly constructed buildings. “Addition” below refers to the particular
partial compliance option for additions and/or alterations.

e New Envelope_or Addition Envelope-Bnly: The user specifies the projectbuilding envelope systems,and
all spaces, space types, and thermal zones in the buildingproject as designed. The standard design
rules are applied to the envelope eempenentssystems of the standard design model. For all lighting
and HVAC inputs, the proposed design values are prescribed and follow the rules for the standard
design, including modeling the same HVAC systems determined using the rewly-censtructed-buildings
HVAC system map in Chapter 5.1.32: HVAC System Map.

Mo lighsng ar-Addiban lishts g ha a noacifio ho-nraioct Ligbhng me-ana sy Ao liaha o o
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*

e New Mechanical or Addition Mechanical@nly: The user specifies the project mechanical systems, and

thermal zones in the project as designed. The standard design rules and system map are applied to

the HVAC systems of the standard desigh model. This compliance option assumes that the building

has already been permitted for envelope and lighting. The envelope and lighting systems for both the

e New Envelope and Lighting or Addition Envelope and Lighting-B+ly: The user specifies the building
project envelope_systems, all spaces, space types, thermal zones, all lighting systems, and any
daylighting in the project as designed;~wherepresent. The standard design rules are applied to the
envelope systems and the lighting systems of the standard design model. For all HVAC inputs, the

proposed design values are prescribed and follow the rules for the standard design, including
modeling the same HVAC systems determined using the rewly-constructed-buildings-HVAC system
map in Chapter 5.1.32: HVAC System Map.

e New Envelope and Mechanical or Addition Envelope and Mechanical-Brly: The user specifies the

buildingproject envelope, all spaces, space types, thermal zones, and mechanical systems in the
buildingproject as designed. ighting i i

separatelypermittedpreseriptive-ighting-comphance: The standard design rules and system map are
applied to the envelope systems and HVAC systems of the standard design model. For all lighting
inputs, the proposed design values are prescribed and follow the rules for the standard design

model Fhe-userspecifiesthe bulldingenvelopespacesspace-types-thermalzones -

e New Envelope and Partial Lighting or Addition Envelope and Partial Lighting-Brky: This eempliance
option is used for projects where the building envelope is defined and where the lighting systems in
some of the spaces areis defined. The user specifies the buildinrg-project envelope_systems, all spaces,
space types, thermal zones, and lighting_systems for spaces with lighting systems defined and any
daylighting;-where-present in the project as designed. For spaces where the lighting system is not
defined, the proposed design and standard design models are set to prescriptive lighting power limits.

The standard design rules are applied to the envelope systems and the defined lighting systems of the

standard design model. For all HVAC inputs, the proposed design values are prescribed and follow the
rules for the standard design, including modeling the same HVAC systems determined using the newly
eonstructed-buildings-HVAC system map in Chapter 5.1.32: HVAC System Map.

Mechan OnheTh ompliance-opton mes—th he buildin
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e New Mechanical and Lighting or Addition Mechanical and Lighting®aly: The user specifies the project
mechanical systems, all spaces, space types, thermal zones, all lighting systems, and any daylighting in

the project as designed. The standard design rules and system map are applied to the lighting systems
and HVAC systems of the standard design model. This compliance option assumes that the building
project has already been permitted for envelope compliance. The envelope systems for both the

proposed design and the standard design are modeled as designed. AJ-I—spaees—aﬂd—spaee—t-ypes—must

e New Mechanical and Partial Lighting or Addition Mechanical and Partial Lighting-Cemplianee: The user
specifies the project mechanical systems, thermal zones, lighting systems for spaces with lighting
systems defined and any daylighting in the project as designed. The standard design rules and system
map are applied to the defined lighting systems and HVAC systems of the standard design model. This
compliance option assumes that the building has already been permitted for Envelope and Partial

Lighting-cemphiance{Option-3-abeve}. The envelope_systems-cempenents, all spaces, space types, and
permitted lighting spaces for both the proposed desuzn and the standard design are modeled as

designed.

+ New Envelope and Partial Mechanical_or Addition Envelope and Partial Mechanical: This eemphaﬂee
option is_used for projects where the building envelope id defined and where the mechanical systems
in some of the spaces are defined-are-net-definedfor-all-thermalzones. The user specifies the project
envelope systems, all spaces, space types, thermal zones, and mechanical systems for spaces with
mechanical systems defined as designed. For spaces where the mechanical system is not defined, the
proposed design and standard models follow the rules for the standard design, including modeling the
same HVAC systems determined using the HVAC system map in Chapter 5.1.3: HVAC System Map. For

all lighting inputs, the proposed de5|qn values are prescrlbed and follow the rules for the standard
design model A

Building descriptors with inputs for both the proposed design and standard design that are restricted to
prescribed values (for example, equipment performance curves) follow the same rules for prescribed values
for any of the partial compliance projects listed above.

5.2.4 Building Model Classification

The function of the building_and: and#&th%va#ees building spaces a: a#ﬁh@%aa@ffects#a a number of energy-
reIated reqwrements including lig
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SPACE CLASSIFICATION-F¥PE
Applicability: All projects.

Units: List (See Appendix 5.4A).

Input Restrictions As designed.

Standard Design: Existing Building: Same as proposed.

5.2.5 Geographic and Climate Data

The following data needneeds to be specified or derived in some manner. Compliance software developers
may use any acceptable method to determine the data. For California, city, state, and county are required to
determine climate data from the available data in Reference Appendices, Joint Appendix JA2.

Z1p CODE
Applicability: All projects.

Definition: California postal designation.

Units: 4

5-digit number.

Input Restrictions: As designed.

Standard Design:-Existing-Btilding: NetapphecableSame as proposed.

LATITUDE
Applicability: All projects.

Definition: The latitude of the project site.
Units: Degrees (°).

Input Restrictions: Latitude from Reference Appendices, Joint Appendix JA2 based on zip code.Neta-user
nput:
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Standard Design: Same as proposedtatitude-ofrepresentative-city-from-Reference-AppendicesJoint
: lix JA2Re 3 A2

LONGITUDE
Applicability: All projects.

Definition: The longitude of the project site.
Units: Degrees (°).

Input Restrictions: Longitude from Reference Appendices, Joint Appendix JA2 based on zip code.Neta-user
put:

Standard Design:
AppendixJdA2Same as proposed

ELEVATION
Applicability: All projects.

Definition: The height of the building site above sea level.
Units: Feet (ft).

Input Restrictions: Elevation from Reference Appendices, Joint Appendix JA2 based on weather station.Neta

userput:

Standard Design: Elex
AppendixJdA2Same as proposed.

CALIFORNIA CLIMATE ZONE
Applicability: All projects.

Definition: One of the 16 California climate zones.

Units: List (see Reference Appendices, Joint Appendix JA2Reference-AppendixdA2).

Input Restrictions: One of the 16 California climate zones.

Standard Design: Same as proposed.

City
Applicability: All projects.

Definition: The city where the project is located.
Units: Alphanumeric string.

Input Restrictions: Representative city from Reference Appendices, Joint Appendix JA2Nenre.

Standard Design: F
#A2Same as proposed.
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DESIGN DAY DATA
Applicability: All projects.

Definition: A data structure indicating design day information used for the sizing of the proposed system. This
information may not necessarily match the information used in the annual compliance simulation.

Units: Data structure contains the following:

Design DB (0.4%), mean coincident wet-bulb, daily range, day of year.

Input Restrictions: The design day information is taken from one of the 86-predefined California weather files
for the location within the same climate zone thatis-clesest-teas the location of the proposed building. (This
is not input by the user.)

Standard Design: Not applicable.

WEATHER FILE
Applicability: All projects.

Definition: The hourly (that is, 8,760 hours per year) weather data to be used in performing the building
energy simulations. Weather data must include outside dry-bulb temperature, outside wet-bulb temperature,
atmospheric pressure, wind speed, wind direction, cloud amount, cloud type (or total horizontal solar and
total direct normal solar), clearness number, ground temperature, humidity ratio, density of air, and specific
enthalpy.

Units: Data file.

Input Restrictions: The weather file selected shall be in the same climate zone as the proposed design. ¥

desighand-the-same-climate-zoneshal-be-used-\Weather data must be based on the weather files found in
CBECC.

Standard Design: Weather data shall be the same for both the proposed design and standard design.

GROUND REFLECTANCE
Applicability: All projects.

Definition: Ground reflectance affects daylighting calculations and solar gain. The reflectance can be specified
as a constant for the entire period of the energy simulation or it may be scheduled, which can account for
snow cover in the winter.

Units: Data structure: schedule, fraction.

Input Restrictions: Prescribed. The weather file determines the ground reflectance. The ground reflectance
shall be set to 0.2 when the snow depth is 0 or undefined and set to 0.6 when the snow depth is greater than
0.

Standard Design: Same as proposed.

LOCAL TERRAIN
Applicability: All projects.
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Definition: An indication of how the local terrain shields the building from the prevailing wind. Estimates of
this effect are provided in the ASHRAE Handbook of Fundamentals.

Units: List: the list shall contain only the following choices:

e Flat, open country

o Exponent (a):0.14

o Boundary layer thickness, 6 (m): 270
e Rough, wooded country, Suburbs

o Exponent(a): 0.22

o Boundary layer thickness, 6 (m): 370
e Towns and cities

o Exponent(a): 0.33

o Boundary layer thickness, 6 (m): 460
e Ocean

o Exponent (a): 0.10

o Boundary layer thickness, 6 (m): 210
e Urban, industrial, forest

o Exponent (a): 0.22

o Boundary layer thickness, 6 (m): 370

The exponent and boundary layer are used in the following equation to adjust the local wind speed:

am a
V= Ve (2met) ™ (2)
Zmet! 57

Where:

Z - altitude, height above ground (m)

V. - wind speed at altitude Z (m/s)

a - wind speed profile exponent at the site

4 - wind speed profile boundary layer thickness at the site (m)

Z ¢ - height above ground of the wind speed sensor at the meteorological station (m)
Ve - Wind speed measured at the meteorological station (m/s)

X0 - Wind speed profile exponent at the meteorological station

Omes - Wind speed profile boundary layer thickness at the meteorological station. (m)

The wind speed profile coefficients — , 6, &ye¢, and 8., — are variables that depend on the roughness
characteristics of the surrounding terrain. Typical values for a and § are shown in the table above.

Input Restrictions: W
are prescribed.

iteParameters

Standard Design: The standard design terrain should be equal to the proposed design.
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5.2.6 Site Characteristics

General site characteristics, including building shading and fuel source availability, are provided for the
building. Building shading from external sources are not used for compliance calculations.

SHADING OF BUILDING SITE
Applicability: All projects.

Definition: Shading of building fenestration, roofs, or walls by surrounding terrain, vegetation, and the
building itself.

Units: Data structure.

Input Restrictions: The default and fixed value are for the site to be unshaded. External shading from other
buildings or other objects is not modeled for Title 24 compliance in the ACM. Building self-shading is
accounted for using the detailed geometry method.

Standard Design: The proposed design and standard design are modeled with identical assumptions
regarding shading of the building site.

SITE FUEL SOURCE
Applicability: All projects.

Definition: The fossil fuel source that is available at the site for water heating, space heating or other fuel
purposes.=H Hekt it } = 2

Units: List.
Input Restrictions: The following choices are available:

e Natural Gas
e Propane

Standard Design: Natural gas, if applicable.

5.2.7 Calendar

The calendar year entered in the compliance software is used to coordinate weather events from the weather
files to specific days of the week. The schedule of holidays will also be coordinated to the calendar year.

YEAR FOR ANALYSIS
Applicability: All projects.

Definition: The calendar year to be used for the annual energy simulations. This input determines the
correspondence between days of the week and the days on which weather events on the weather tape occur;
and has no other impact.

Units: List: choose a year (other than a leap year).
Input Restrictions: Use year 2009.

Standard Design: Same calendar year as the proposed design.
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SCHEDULE OF HOLIDAYS
Applicability: All projects.

Definition: A list of dates on which holidays are observed and on which holiday schedules are used in the
simulations.

Units: Data structure.

Input Restrictions: The following 10 holidays represent the prescribed set. When a holiday falls on a Saturday,
the holiday is observed on the Friday preceding the Saturday. If the holiday falls on a Sunday, the holiday is
observed on the following Monday.

e New Year’s Day January 1

e Martin Luther King Day Third Monday in January
e Presidents Day Third Monday in February
e Memorial Day

Last Monday in May
July 4
First Monday in September

e Independence Day

e Labor Day
e Columbus Day Second Monday in October

e \eterans Day November 11

e Thanksgiving Day

Fourth Thursday in November
e Christmas Day December 25

Standard Design: The standard design shall observe the same holidays specified for the proposed design.

5.3 Thermal Zones

A thermal zone is a space or collection of spaces having similar space-conditioning requirements, has the
same heating and cooling set point, and is the basic thermal unit (or zone) used in modeling the building. A
thermal zone will include one or more spaces. Thermal zones may be grouped together, but systems serving
combined zones shall be subject to efficiency and control requirements of the combined zones.
Nonresidential buildings with identical floors served by like systems may be modeled with floor multipliers.

5.3.1 General Information

The general information is used to identify the various thermal zones included in the building project. This

information will include whether the thermal zone is directly-erindirectly{directly} {directly} conditioned,e¢
unconditioned, or plenum, and the floor area of the thermal zone. The HVAC system(s) used to service the

specific thermal zone is also identified.

THERMAL ZONE NAME
Applicability: All projects.

Definition: A unique identifier for the thermal zone made up of 50 or fewer alphanumeric characters.

Units: Alphanumeric string.
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Input Restrictions: None.

Standard Design: Same as proposedMNetapplicable.

THERMAL ZONE DESCRIPTION
Applicability: All projects.

Definition: A brief description of the thermal zone that identifies the spaces which make up the thermal zone
or other descriptive information. The description should tie the thermal zone to the building plans.

Units: Alphanumeric string.
Input Restrictions: None.

Standard Design: NetapplicableSame as proposed.

THERMAL ZONE TYPE
Applicability: All projects.

Definition: Designation of the thermal zone as a direethy{directly} conditioned, unconditioned, or plenum.
Plenum zones may be defined as either supply or return air paths for secondary systems.

Units: List: direetly-eConditioned, «Unconditioned or Pglenum.

Input Restrictions: The default thermal zone type is “directly-conditionedConditioned--.

Standard Design: The Conditioned and Unconditioned zones are Fhe-deseripteris-identical for the proposed
design and standard design. Plenum zones are-rotusedinthe-standard-designand-are considered

Conditioned zones in the standard design.

SYSTEM NAME
Applicability: All projects.

Definition: The name of the HVAC system(_) that serves th|s thermal zone. ihrs—bu#d—mg—eleseﬂptepl-mks—t-he

Units: Text, unique.

Input Restrictions: None.

Standard Design:

eI-#e%ent—H—VAGt—y-pe—tha—n—the—p#epesed—des%nThe svstem(s) serving the zone areis deﬁned bv
system-map-Section 5.1.3.

FLOOR AREA
Applicability: All projects.

Definition: The gross floor area of a thermal zone, including walls and minor spaces for mechanical or
electrical services such as chases that are-retassighredmay or may not be direetly-conditioned-te-other
thermalzones.
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Units: Square feet (ft?).

Input Restrictions: The floor area of the thermal zone is derived from the floor area of the individual spaces
that make up the thermal zone.

Standard Design: Same as proposed design.

5.3.2 Interior Lighting

Inputs for interior lighting are specified at the space level. (See specification below.) In those instances, when
thermal zones contain just one space, the inputs here will be identical to the inputs for the single space that
is contained within the thermal zone.

For those instances when a thermal zone contains more than one space, the compliance software shall
either:

e Model the lighting separate for each space and sum energy consumption and heat gain for each time
step of the analysis, or

e Incorporate some procedure to sum inputs or calculate weighted averages such that the lighting
power used at the thermal zone level is equal to the combination of lighting power for each of the
spaces contained in the thermal zone.

In some cases, combining lighting power at the space level into lighting power for the thermal zone may be
challenging and would have to be done at the level of each time step in the simulation. These cases include:

e A thermal zone that contains some spaces that have daylighting and others that do not.
e-ethersthatdernetnA thermal zone that contains spaces with different schedules of operation.a

o _Athermal zone that contains some spaces that have a schedule adjusted in some way for lighting
controls and other spaces that do not.a
Combinations of the above.a

5.3.3 Receptacle Loadsa

Inputs for receptacle and process loads are specified at the space level. (See specification below.) In those
instances, when thermal zones contain just one space, the inputs here will be identical to the inputs for the
single space that is contained within the thermal zone.

aFor those instances when a thermal zone contains more than one space, the compliance software shall
either:

e aModel the receptacle and process loads separate for each space and sum energy

consumption and heat gain for each time step of the analysis, or

alncorporate some procedure to sum inputs or calculate weighted averages such that the
receptacle and process loads used at the thermal zone level are equal to the combination of
receptacle and process loads for each of the spaces contained in the thermal zone.
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When the spaces contained in a thermal zone have different schedules, combining receptacle and process
loads from the space level may be challenging and would have to be done at the level of each time step in the
simulation. See discussion above on lighting.

53:35.3.4 Occupants

Inputs for occupant loads are specified at the space level. (See specification below.) In those instances, when
thermal zones contain just one space, the inputs here will be identical to the inputs for the single space that
is contained within the thermal zone.

For those instances when a thermal zone contains more than one space, the compliance software shall
either:

e Model the occupant loads separate for each space and the heat gain for each time step of the
analysis, or

e Incorporate some procedure to sum inputs or calculate weighted averages such that the occupant
loads used at the thermal zone level are equal to the combination of occupant loads for each of the
spaces contained in the thermal zone.

When the spaces contained in a thermal zone have different occupant schedules, rolling up occupant loads
from the space level may be challenging and would have to be done at the level of each time step in the
simulation. Spaces with differences in full-load equivalent operating hours of more than 40 hours per week
shall not be combined in a single zone. See discussion above on lighting.

5345.3.5 Space Temperature Control

THERMAL ZONE THERMOSTAT SETPOINT TOLERANCE

Applicability: All thermal zones.

Definition: The number of degrees that the room temperature, when occupied, must be above the cooling
setpoint, or below the heating setpoint, for the zone load to be considered ‘unmet’.

Units: Degrees Fahrenheit (°F).

Input Restrictions: The prescribed value is +/-1°F.

Standard Design: Same as the proposed design.

THERMOSTAT TEMPERATURE SCHEDULE

Applicability: All thermal zones.

Definition: An hourly schedule of thermostat setpoints.

Units: Data structure: temperature schedule.

Input Restrictions: Prescribed.

The schedule is based on the predominant schedule group for the building steryfloor or zone. See Chapter

2.3.3 space use classification considerations for details. For multifamily buildings, see Chapter 6 Multifamily
Building Descriptors Reference.
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Standard Design: Schedules in the standard design shall be identical to the proposed design.

5.4 Space Uses

Each thermal zone discussed above may be subdivided into spaces. This chapter presents the building
descriptors that relate to the space uses. Space uses and the defaults associated with them are listed in
Appendix 5.4A. Every thermal zone shall have at least one space, as defined in this chapter. Daylit spaces
should generally be separately defined by space type or orientation or both.

5.4.1 General Information

The general information is used to identify the various spaces included in each thermal zone. This information
will include the area of each space as well as how the space will be used. The function of the space will
inform certain standard design requirements such as lighting power density for the space.

SpACE FUNCTION TYPE
Applicability: All projects.

Definition: The space function type that defines occupancy, internal load, and other characteristics, as
indicated in Appendix 5.4A.

The allowed space function types in area category are available from Appendix 5.4A. The building or space
type determines the following standard design inputs:

e Number of occupants (occupant density)
e Equipment power density

e Lighting power density

e Hot water load

e Schedules (from Appendix 5.4B)

Units: List.
Input Restrictions: Only selections shown in Appendix 5.4A may be used. Additional inputs may be utilized to

describe special space function cases that are needed to reflect special rules. Examples of additional inputs
include:

e Whether the space has a process exhaust system subject to Section 140.9(b) or Section 140.9(c)

e Whether a space falls under the requirements of Section 140.9(c) and is a vivarium or has a specific
biosafety level
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Standard Design: Same as proposed design.

Standard Design: Existing Building: Same as proposed design.

VENTILATION SPACE FUNCTION
Applicability: All projects.

Definition: A unique identifier for ventilation requirements. A given function areaspaee-type may have
different ventilation functions available, which define the design ventilation rate, -ard-minimum ventilation
rates for the space_if using demand control ventilation (DCV), and any exhaust air requirements.

Units: List (from Reference Manual Appendix 5.4A).
Input Restrictions: As designed (selection from list)
Standard Design: Same as proposed design.

Standard Design: Existing Building: Same as proposed design.

FLOOR AREA
Applicability: All projects.

Definition: The floor area of the space.

The area of the spaces that make up a thermal zone shall sum to the floor area of the thermal zone.

Units: Square feet (ft?).

Input Restrictions: Area shall be measured to the outside of exterior walls and to the center line of partitions.
Standard Design: Area shall be identical to the proposed design.

Standard Design: Existing Building: Same as proposed design.

5.4.2 Infiltration

Infiltration of outside air into a building and leakage of air from inside of the building will affect the space-
conditioning energy use of the building. There are several methods used to identify the air leakage or
infiltration rate of the building. Fhe-method-used-tedidentifrtheairleakagerateandtheinputsreguired-ar

te-be-provided:

AIR BARRIER
Applicability: All projects.

Definition: Air barrier specification that determines the infiltration rate.
Units: List.

e No air barrier
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e Air barrier — not verified

e Air barrier — verified by visual inspection
e Air barrier — verified by air leakage testing
e Input Restrictions: As designed.

Standard Design: Not applicable.

INFILTRATION METHOD
Applicability: All projects.

Definition: Energy simulation programs have a variety of methods for modeling uncontrolled air leakage or
infiltration. Some procedures use the effective leakage area, which is generally applicable for small,
residential-scale buildings. The component leakage method requires the user to specify the average leakage
through the building envelope per unit of area (ft?). Other methods require the specification of a maximum
rate, which is modified by a schedule. The airflow per unit of exterior wall area method shall be used.

Units: The infiltration method is prescribed. No input is provided.

Input Restrictions: The airflow per unit of exterior wall area calculation method is prescribed. A fixed
infiltration rate shall be specified and calculated as a leakage per unit area of exterior envelope, including the
gross area of exterior walls and fenestration but excluding roofs and exposed floors.

Standard Design: The infiltration method used for the standard design shall be the same as the proposed
design.

INFILTRATION DATA
Applicability: All projects.

Definition: Information needed to characterize the infiltration rate in buildings.
For the airflow per unit of exterior wall area calculation method, inputs are described below.

Units: Infiltration rate shall be calculated each hour using the following equation:

Infiltration Rate = Irlpcigm Focneauie (A+ B |tsone — togp|l + C-ws + D - ws?)
The infiltration is then found by multiplying the infiltration rate by the area of the exterior walls in the
thermal zone.

Where:

Infiltration Rate - zone infiltration airflow per unit of wall area (m2cfm/s-mft?)
Infiltration - zone infiltration airflow (scfm/sft?)
Lgesign - zone infiltration airflow rate at reference conditions (ricfm/s-raft?)

Fecheduie - fractional adjustment from a prescribed schedule, consistent with HVAC availability
schedules in Appendix 5.4B (unitless)

t.one - ZONeE air temperature (°€F)
toap - outdoor dry bulb temperature (°€F)

ws - the wind speed (mile/shr)
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A - overall coefficient (unitless)

B - temperature coefficient (1/°€F)

C - wind speed coefficient (hrs/mile)

D - wind speed squared coefficient (shr¥mile?)

Input Restrictions:

The proposed design shall use the equation listed above, with coefficients A, B, and D set to 0. C shall be set
t0 0.10016 hr/mile (0.224 s/m). Ig,sign shall be:

0.3696 cfm/ft? for buildings that do not have air barriers,

0.2352 cfm/ft2 for buildings that have air barriers that are not verified,

0.16802016 cfm/ft? for buildings that have air barriers verified by visual inspection as-deseribed-in
$140.3(2)9CH of the £ Code_and

0.1344 cfm/ft? for buildings that have air barriers verified by whole building air leakage testing as
described in §Section 140.3(a)9Ci of the Energy Code.

For nonresidential spaces with operable windows that do not have mechanical system interlocks, the
compliance software shall automatically increase the infiltration rate by 0.15 cfm/ft? whenever the outside air
temperature is between 50°F and 90°F and when the HVAC system is operating.-Multifamily-dwelling-unitsare

Standard Design: The standard design shall use the equation listed above, with coefficients A, B, and D set to
0. Cshall be set to 0.10016 hr/mile (0.224 s/m). Lz¢sign shall be 0.2352 cfm/ft2. For Hotel/Motel Buildings in
climate zone 7 and for relocatable public school buildings Leg; 4, shall be 0.3696 cfm/ft2.

INFILTRATION SCHEDULE
Applicability: When an infiltration method is used that requires the specification of a schedule.

Definition: With the ACH method and other methods (see above), it may be necessary to specify a schedule
that modifies the infiltration rate for each hour or time step of the simulation. Typically, the schedule is either
on or off but can also be fractional.

Units: Data structure: schedule, fractional.

Input Restrictions: For healthcare facilities, the schedule is the same as the proposed design. For all
nonresidential buildings, the schedule is based on the predominant schedule group for the building steryfloor
or zone. See Chapter 2.3.3: Space Use Classification Considerations for details. For multifamily buildings, see
Chapter 6: Multifamily Building Descriptions Reference. The infiltration schedule shall be set equal to 1 when

the HVAC system is scheduled off and 0.25 when the HVAC system is scheduled on. This schedule is based on
the assumption that when the HVAC system is on, it brings the pressure of the interior space above the
pressure of the exterior, decreasing the infiltration of outside air. When the HVAC system is off, interior
pressure drops below exterior pressure, and infiltration increases.
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Standard Design:
The infiltration schedule for the standard design shall be scheduled the same as the proposed design.

5.4.3 Occupants

For space level information on occupancy, lighting, and plug load schedules, as well as occupant density and
allowed lighting power density.

OCCUPANT DENSITY
Applicability: All projects.

Definition: The design egress occupant density assumed for simulation and minimum ventilation
requirements of a space.

The occupancy density also affects hot water use requirements for the space.
Units: people/1,000 ft?

Input Restrictions: This is determined based on the specified space function types defined in Appendix 5.4A
and corresponding list of ventilation occupancy categories, as defined in Appendix 5.4C.

Standard Design: Same as proposed.

Standard Design: Existing Buildings: Same as proposed.

OCCUPANCY FRACTION
Applicability: All projects.

Definition: The fraction of the design egress occupant density assumed for simulation and design ventilation
requirements.

The occupancy fraction also affects hot water use requirements for the space.

Units: Unitless fraction.

Input Restrictions: Default of 0.5 as designed with a minimum value of 0.5 and a maximum value of 5.
Standard Design: 0.5.

Standard Design: Existing Buildings: 0.5.

FIXED SEATING IN SPACE
Applicability: All projects that have a space with designed occupancy (such as a theater or auditorium).

Definition: This is a flag that indicates that-the space has designed occupancy. If checked, this flag allows the
user to override the default occupancy with values that comply with the California Building Code.

Units: Boolean.

Input Restrictions: As designed.
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May not be used with multifamily living spaces, hotel/motel guest rooms, unoccupied, and unleased tenant
area spaces. The default is false.

Standard Design: Same as proposed.

Standard Design: Existing Building: The number of occupants must be identical for both the proposed and
standard design cases.

OCCUPANT HEAT RATE
Applicability: All projects.

Definition: The sensible and latent heat produced by each occupant in an hour.

This depends on the activity level of the occupants and other factors. Heat produced by occupants must be
removed by the air-conditioning system as well as the outside air ventilation rate and can have a significant
effect on energy consumption.

Units: Btu/h specified separately for sensible and latent gains.

Input Restrictions: The occupant heat rate is prescribed by Appendix 5.4A for nonresidential buildings and by

Chapter 6: Multifamily Building Descriptors Reference efthe-Nonresidenticl-ACrM-Reference-Manual-for
multifamily buildings.

Standard Design: The occupant heat rate for the standard design shall be the same as the proposed design.

Standard Design: Existing Building: Same as proposed.

OCCUPANCY SCHEDULE
Applicability: All projects.

Definition: The occupancy schedule modifies the number of occupants to account for expected operational
patterns in the building. The schedule adjusts the heat contribution from occupants to the space on an hourly
basis to reflect time-dependent usage patterns. The occupancy schedule can also affect other factors such as
outside air ventilation, depending on the control mechanisms specified.

Units: Data structure: schedule, fractional.

Input Restrictions: For healthcare facilities, the schedule is the same as the proposed design. For all
nonresidential buildings, the schedule is based on the predominant schedule group for the building steryfloor
or zone. See Chapter 2.3.3: Space Use Classification Considerations for details. For multifamily buildings, see
Chapter 6: Multifamily Building Descriptors Reference.

Standard Design: Occupancy schedules are identical for proposed and standard design buildings.
Standard Design: Existing Building: Same as proposed.

5.4.4 Interior Lighting

The building descriptors in this chapter are provided for each lighting system. Typically, a space will have only
one lighting system but, in some cases, it could have two or more. Examples include a general and task
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lighting system in offices or hotel multipurpose rooms that have lighting systems for different functions. It
may also be desirable to define different lighting systems for areas that are daylit and those that are not.

LIGHTING CLASSIFICATION METHOD
Applicability: Each space in the building.

Definition: Indoor lighting power ean-beis specified using-based on the area category for all space function
types listed in Appendix 5.4A.-method-orthetailored-method-

H¥When lighting compliance is not performed, useeitherappreachbutactual LPDs cannot be entered for the
spaces; the LPDs of the building match the standard design.

Units: List.
Input Restrictions: Oaly-aArea-categorymethodNoneortailoredlightingareallowed.
Standard Design: Same as proposed.

Standard Design: Existing Building: Same as proposed.

Table 56654: Lighting Specification

Options: Lighting Area Category-Method Tailored-Lighting Method

Classification

Method

A | Mot bined-withtal | ¥ v I
herlight;

lacsifieat

methods
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Options: Lighting Area Category-Method Tailored-Lighting-Method
Classification
Method
AllowedrRegulated | {Forallbuilding types-exceptmultifamily {Forallbuilding types-except
lighting power buidings mEfamHy-buitdings
types General lighting power Generallighting power

Additional lighting power Wall-display-lighting power
£l ficol I liahts
5 o L effoct liaht
power
u I . i
power
A I Itod (For Multifarmily Buildings: (For Multifarmily Buildings:
lichti Muttfamiv G e
Mulbfami ot Multfamilv Wall disolav licht
Mulbfami ditionallicht;
Multifamily Task lichti
Ml farmilv L Lot
bt
A Tradooff - iahting e I - o htne ] e
i hod ) | I
5 Llichting ] i I 5 ahtine L it
. | tailored I . | I
categery-method

Source: California Energy Commission

REGULATED INTERIOR LIGHTING POWER DENSITY
Applicability: All projects when lighting compliance is performed.

Definition: Total connected lighting power density for all regulated interior lighting power

This includes the loads for lamps and ballasts. The total regulated interior lighting power density is the sum of
general lighting power and applicable custom lighting power per unit of floor area in a space. Calculation of
lighting power for conditioned spaces is done separately from unconditioned spaces.

Lighting in unconditioned spaces can be modeled, but total lighting power in unconditioned spaces is not
enforced in the compliance software. Lighting in unconditioned spaces must follow prescriptive compliance

and must be documented on appropriate compliance forms. No tradeoffs are allowed between lighting in
conditioned spaces and lighting in unconditioned spaces.

96




20252 ACM Reference Manual Space Uses

Units: W/ft?.
Input Restrictions: Proposed value is :

Forthe-area-category-method:-the sum of the proposed general lighting power and the proposed general
lighting exceptional power within a conditioned space or a user input value if no interior lighting systems are

modeled.

When lighting compliance is not performed, the lighting power may not be entered and is set equal to the
lighting level of the standard design, which is set to the levels for the selected occupancy from Appendix 5.4A.

Standard Design: For spaces without special task lighting, wall display lighting, or similar requirements, this
input will be the same as the general lighting power density. See the general lighting power building
descriptor for details.

Standard Design: Existing Building: For alterations where fewer than 40 luminaires have been modified the
standard design is the existing lighting condition before the alteration. If 40 or more luminaires have been
modified, the prescriptive requirements for newly constructed buildings apply.

GENERAL LIGHTING POWER
Applicability: All spaces or projects.

Definition: General lighting power is the power used by installed electric lighting that provides a uniform level
of illumination throughout an area, exclusive of any provision for special visual tasks or decorative effect, and
known as ambient lighting.

Units: Watts.
Input Restrictions: As designed.

For spaces without special task lighting, wall display lighting, or similar requirements, this input will be the
same as the regulated lighting power.

details.

Standard Design: With-the-area-category-method,-gGeneral lighting power is the product of the lighting

power densities for the space type from Appendix 5.4A and the floor areas for the corresponding conditioned
spaces.
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The standard design lighting power is modified by a factor of 1/1.20 (0.833) if the simplified geometry
approach is used and if the visible transmittance of any fenestration in the space does not meet the
prescriptive requirements established in §Section 140.3 of the Energy Code.

Standard Design: Existing Building: When the lighting status is “existing” (and unaltered) for the space, the
standard design is the same as the existing, proposed design.

When the lighting status is “altered” for the space, and at least 10 percent of existing luminaires have been
altered:

o If the lighting status is “existing,” then the standard design LPD is the same as the proposed design.
e If the lighting status is “new,” then the standard design LPD is same as newly constructed buildings.

o If the lighting status is “altered,” then the standard design LPD is the same as newly constructed
buildings.
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ADDITIONAL LIGHTING POWER
Applicability: Spaces-thatuse-the-area-category-method—fFor all building types except multifamily buildings,

space types listed in Appendix 5.4A. Some additional lighting power allowances are applicable only to certain
space types. See Table 140.6-C of the Energy Code.

Definition: The Energy Code provides an additional lighting power allowance for qualified lighting systems.
The additional lighting power allowance for qualified lighting systems is treated separately as “use-it-or-lose-
it” lighting — the user receives no credit (standard design matches proposed), but there is a maximum power
allowance for each item. The qualified lighting systems and the respective allowed additional lighting power
allowance values are listed in the two rightmost columns of Table 140.6-C of the Energy Code.

Units: Data structure. This input has the following data elements — each data element corresponds to the
additional lighting allowance of the functional area types listed in Table 140.6-C of the Energy Code.:

Input Restrictions: As designed.

Standard Design: The standard design additional lighting power (ALP) is given by the following equation:
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813

ALPgy = Z min (ALPy, s, ;. ALPA; X ALPTQ;)
i—-1
Where:
ALPgy

The additional lighting power (ALP) of the standard design

ALPy, o ;

The proposed ALP of the allowance is in the data structure above. If there is no proposed lighting system in
the proposed design serving as the qualified lighting system, the ALPprop,i should be assigned with a zero
value (no allowance permitted and given). If there is a proposed lighting system serving as the qualified
lighting system, the ALPprop,i should be assigned a value of one(1).

ALPA;
The additional lighting power allowance (ALPA), which is the maximum allowed additional lighting power is
indicated in the two rightmost columns in Table 140.6-C of the Energy Code.

ALPTQ;
The additional lighting power task quantity (ALPTQ) for the i" allowance, where the task area corresponds to
the functional area with the additional lighting power allowance in Table 140.6-C of the Energy Code.

Standard Design: Existing Building: When the lighting status is “existing” (and unaltered) for the space, the
standard design is the same as the existing, proposed design.

When the lighting status is “altered” for the space and at least 10 percent of existing luminaires have been
altered:

o If the lighting status is “existing,” then the standard design LPD is the same as the proposed design.

e If the lighting status is “new,” then the standard design LPD is the same as for newly constructed
buildings.

e |[f the lighting status is “altered,” then the standard design LPD is the same as for newly constructed
buildings.

ADDITIONAL LIGHTING POWER TASK QUANTITY
Applicability: Space types listed in Appendix 5.4Asthatuse-area-category-method.

Definition: The area, length, or quantity associated with each of the additional lighting allowances in the ALP
building descriptor.

Units: ft?, linear ft of white board or chalk board, number of ATM(s), or number of illuminated mirror(s).

Input Restrictions: As designed but cannot exceed the floor area of the space.
Standard Design: Same as proposed.

Standard Design: Existing Building: Same as proposed.
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Units:Ft%

103



20252 ACM Reference Manual Space Uses

NONREGULATED INTERIOR LIGHTING POWER
Applicability: All projects.

Definition: For California, §Section 140.6(a)3 of the Energy Code identifies renregulated-{exemptediexcluded
lighting.

Units: Fft2.
Input Restrictions: As designed.

The nonregulated lighting power should be cross-referenced to the type of exception and the construction
documents. The default for nonregulated lighting power is zero.

Standard Design: The nonregulated interior lighting in the standard design shall be the same as the proposed
design.

Standard Design: Existing Buildings: Same as proposed.

LIGHTING SCHEDULES
Applicability: All projects.

Definition: Schedule of operation for interior lighting power used to adjust the energy use of lighting systems
on an hourly basis to reflect time-dependent patterns of lighting usage.

Units: Data structure: schedule, fractional.

Input Restrictions: For healthcare facilities, the schedule is the same as the proposed design. For all
nonresidential buildings, the schedule is based on the predominant schedule group of the building stery-floor
or zone. See Chapter 2.3.3: Space Use Classification Considerations for details. For multifamily buildings, see
Chapter 6: Multifamily Building Descriptors Reference.

Standard Design: The nonregulated interior lighting in the standard design shall be the same as the proposed
design.

Standard Design: Existing Building: Same as proposed.
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FIXTURE TYPE
Applicability: All interior light fixtures.

Definition: The type of lighting fixture, which is used to determine light heat gain distribution.
Units: List: one of three choices:

e Recessed with lens

e Recessed/downlight

e Not in ceiling

Input Restrictions: As designed.
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Standard Design: Recessed/downlight.

Standard Design: Existing Building: Recessed/downlight.

LUMINAIRE TYPE
Applicability: All interior light fixtures.

Definition: The type of lighting luminaire used to determine the light heat gain distribution

The dominant luminaire type determines the daylight dimming characteristics when there is more than one
type of luminaire in the space.

Units: List:

e Linear fluorescent

e Compact fluorescent lamp (CFL)
¢ Incandescent

e Light-emitting diode (LED)

e Metal halide

e Mercury vapor

e High-pressure sodium

Input Restrictions: As designed.
Standard Design: LED.

Standard Design: Existing Building: LED.

LIGHT HEAT GAIN DISTRIBUTION
Applicability: All projects.

Definition: The distribution of the heat generated by the lighting system that is directed to the space, the
plenum, the HVAC return air, or to other locations

This input is a function of the luminaire type, fixture type, and location. Luminaires recessed into a return air
plenum contribute more heat to the plenum or the return air stream if the plenum is used for return air,
while pendant-mounted fixtures hanging in the space contribute more heat to the space. Common luminaire
type/space configurations are listed in TabIe 3, Chapter 18, 2009 ASHRAE Handbook of Fundamentals
summarized in Table 6: Lig i

chooses a Iumlnalre type category, and heat gain is automatlcally dlstrlbuted to the approprlate locations.

Units: List {of luminaire types} or data structure consisting of a series of decimal fractions that assign heat
gain to various locations.
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Input Restrictions: Heat gain d|str|but10n is fixed to T. abIe 6: Light Heat Gain Parameters for T¥g|cal Ogeratmg

values based on the Iumlna|re ﬁxture and dlstrlbutlon type.

Where lighting fixtures having-with different heat venting characteristics are used within a single space, the
wattage weighted average heat-to-return-air fraction shall be used.

Standard Des:gn The standard deS|gn shaII use the values in Table 6: Light Heat Galn Parameters for Txgical

Standard Design: Existing Building: Same as newly constructed buildings.

for recessed/downllght LED luminaires.

Table 6Z#65: Light Heat Gain Parameters for Typical Operating Conditions
Based on Table 3, Chapter 18, 2009 ASHRAE Handbook —of Fundamentals
Fixture Type Luminaire Type Return Type Space Fraction Radiative
Fraction
Recessed with Lens Linear Fluorescent Ducted/Direct 1.00 0.67
Recessed with Lens Linear Fluorescent Plenum 0.45 0.67
Recessed/Downlight Linear Fluorescent Ducted/Direct 1.00 0.58
Recessed/Downlight Linear Fluorescent Plenum 0.69 0.58
Recessed/Downlight CFL Ducted/Direct 1.00 0.97
Recessed/Downlight CFL Plenum 0.20 0.97
Recessed/Downlight Incandescent Ducted/Direct 1.00 0.97
Recessed/Downlight Incandescent Plenum 0.75 0.97
Recessed/Downlight LED Ducted/Direct 1.00 0.97
Recessed/Downlight LED Plenum 0.20 0.97
Recessed/Downlight Metal Halide Ducted/Direct 1.00 0.97
Recessed/Downlight Metal Halide Plenum 0.75 0.97
Not#a in Ceiling Linear Fluorescent Ducted/Direct 1.00 0.54
Not#a in Ceiling Linear Fluorescent Plenum 1.00 0.54
Not# in Ceiling CFL Ducted/Direct 1.00 0.54
Nots in Ceiling CFL Plenum 1.00 0.54
Nots in Ceiling Incandescent Ducted/Direct 1.00 0.54
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Fixture Type Luminaire Type Return Type Space Fraction Radiative

Fraction
Nota in Ceiling Incandescent Plenum 1.00 0.54
Not#a in Ceiling LED Ducted/Direct 1.00 0.54
Not#s in Ceiling LED Plenum 1.00 0.54
Nota in Ceiling Metal Halide Ducted/Direct 1.00 0.54
Nota in Ceiling Metal Halide Plenum 1.00 0.54
Not#a in Ceiling Mercury Vapor Ducted/Direct 1.00 0.54
Not#a in Ceiling Mercury Vapor Plenum 1.00 0.54
Not#a in Ceiling High Pressure Sodium Ducted/Direct 1.00 0.54
Nota in Ceiling High Pressure Sodium Plenum 1.00 0.54

Source: California Energy Commission

In this table, the space fraction is the fraction of the lighting heat gain that goes to the space; the radiative
fraction is the fraction of the heat gain to the space that is due to radiation, with the remaining heat gain to
the space due to convection.

LIGHTING POWER ADJUSTMENT FACTORS (PAF)
Applicability: All projects.

Definition: Automatic controls that are not already required by the Energy Code and which reduce lighting
power uniformly over the day can be modeled as power adjustment factors. Power adjustment factors
represent the percentage reduction in lighting power that will approximate the effect of the control. Models
account for such controls by multiplying the controlled watts by (1-PAF).

Eligible California power adjustment factors are defined in Table 140.6-A. Reduction in lighting power using
the PAF method can be used only for nonresidential controlled general lights. Only one PAF can be used for a
qualifying lighting system unless multiple adjustment factors are allowed in Table 140.6-A of the Energy Code.
Controls for which PAFs are eligible are listed in Table 140.6-A of the Energy Code and include:

e Daylight continuous dimming plus off controls — daylight dimming controls that automatically shut off
luminaires when natural lighting provides an illuminance level of at least 150 percent of the space

requirement.
e Oceupaney-Occupant sensing controls in offices larger than 250 square feet.

e |nstitutional tuning — lighting tuned to not use more than 85 percent of rated power, peras specified
by §Section 140.6 of the Energy Code.

e Demand-responsive controls — demand-responsive lighting control that reduces lighting power
consumption in response to a demand-response signal for qualifying building types.
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e Horizontal slats — interior or exterior horizontal slats on fenestration adjacent to daylit areas.

e Light shelves — clerestory fenestration with interior or exterior light shelves adjacent to daylit areas.

Note that c€lerestorieys fenestration is=ate modeled usingas power adjustment factors and isae not modeled
directly by compliance software. Compliance software shall have a means of disregarding daylight through
clerestory windows when using the PAF. If handled with a PAF, daylight controls in zones with clerestory
windows should be disabled.

Units: List: eligible control types (see above) linked to PAFs
Input Restrictions: PAF shall be fixed for a given control and area type.
Standard Design: PAF is zero.

Standard Design: Existing Building: PAF is zero.

5.4.5 Daylighting Control

This group of building descriptors is applicable for spaces that have daylighting controls or daylighting control
requirements.

California prescribes a modified version of the split flux daylighting methods to be used for compliance. This
is an internal daylighting method because the calculations are automatically performed by the simulation
engine. For skylit daylit areas (aka top-lighted areas) or sidelit daylit areas, California compliance prescribes
an internal daylighting model consistent with the split flux algorithms used in many simulation programs.
With this method the simulation model has the capability to model the daylighting contribution for each hour
of the simulation and make an adjustment to the lighting power for each hour, considering factors such as
daylighting availability, gecometry of the space, daylighting aperture, control type, and the lighting system. The
assumption is that the geometry of the space, the reflectance of surfaces, the size and configuration of the
daylight apertures, and the light transmission of the glazing are taken from other building descriptors.

For daylight control using a simplified geometry approach, daylight control for both the primary daylit zone
and secondary daylit zone (mandatory) must be indicated on the compliance forms. If the simplified
geometry approach is used and the visible transmittance of fenestration does not meet prescriptive
requirements, the standard design lighting power is reduced by 20 percent to represent increased energy

usage for these building featuresas-a-penaty. See Chapter 5.4.4 Interior Lighting.

DAYLIGHT CONTROL REQUIREMENTS

Applicability: All spaces with exterior fenestration.
Definition: The extent of daylighting controls in skylit and sidelit areas of the space.

Units: List.
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Input Restrictions: For nonresidential spaces, when the installed general lighting power in the skylit, primary
sidelit, or secondary sidelit daylit zone is 75W or greater, daylighting controls are required, peras specified by
the Title 24 mandatory requirements. Controls are not required if total glazing area is less than 24 ft2 or for
luminaires in sidelit daylit zones in retail merchandise sales and wholesale showroom areas.

For parking garages, when the installed general lighting power in the primary sidelit and secondary sidelit
daylit zone exceeds 60W, daylighting controls are required, peras specified by the Title 24 mandatory
requirements. Luminaires located in daylit transition zones or dedicated ramps are exemptfrom-thisnot
required to meet this requirement. Controls are not required if total glazing and openings are less than 36

nciallad cane ahfReBoWwWe N-tha orim Vs K1V a¥a¥a AL or-gre aro a¥aVa OAA,

arehrotrequired-iftotalglazing and-openings-are lessthan36-f2% The requirements are the same as
proposed.

Standard Design: Existing Buildings: When lighting systems in an existing altered building are not modified as
part of the alteration, daylighting controls are the same as the proposed design.

When an alteration increases the area of a lighted space, increases lighting power in a space, or when
luminaires are modified in a space where proposed design lighting power density is greater than 85 percent
of the standard design LPD, daylighting control requirements are the same as for newly constructed buildings.

SKYLIT, PRIMARY, AND SECONDARY DAYLIT AREA
Applicability: All daylit spaces.
Definition: The floor area that is daylit.

The skylit area is the portion of the floor area that gets daylighting from a skylight. Two types of sidelit daylit
areas are recognized. The primary daylit area is the portion that is closest to the daylighting source and
receives the most illumination. The secondary daylit area is an area farther from the daylighting source,
which still receives useful daylight.

The primary daylit area for side lighting is a band near the window with a depth equal to the distance from
the floor to the top of the window and width equal to window width plus 0.5 times window head height wide
on each side of the window opening. The secondary daylit area for side lighting is a band beyond the primary
daylit area that extends a distance double the distance from the floor to the top of the window and width
equal to window width plus 0.5 times window head height wide on each side of the window opening. Area
beyond a permanent obstruction taller than 6 feet should not be included in the primary and secondary
daylight area calculation.
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The skylit area is a band around the skylight well that has a depth equal to 70 percent of the ceiling height
from the edge of the skylight well. The geometry of the skylit daylit area will be the same as the geometry of
the skylight. Area beyond a permanent obstruction taller than 50 percent of the height of the skylight from
the floor should not be included in the skylit area calculation.

Double counting due to overlaps is not permitted. If there is an overlap between secondary and primary or
skylit areas, the effective daylit area used for determining reference position shall be the area minus the
overlap.

Units: ft2.

Input Restrictions: Not a user input. The daylit areas in a space are derived using other modeling inputs like
dimensions of the fenestration and ceiling height of the space.

Standard Design: The daylit areas in the standard design are derived from other modeling inputs, including
the dimensions of the fenestration and ceiling height of the space. Daylit area calculation in the standard
design is done after window to wall ratio and skylight to roof ratio rules in Chapter 5.5.7 Fenestration of this
manual are applied.

Standard Design: Existing Buildings: Same as newly constructed buildings when skylights are added/replaced
and general lighting altered.

INSTALLED GENERAL LIGHTING POWER IN THE SKYLIT DAYLIT ZONE

Applicability: All spaces.

Definition: The installed lighting power of general lighting in the skylit daylit zone.

The skylit daylit zone shall be defined on the plans and be consistent with the definition of the peimary-and
skylit daylit zone in the Energy Code. Note that a separate building descriptor, fraction of controlled lighting,
defines the fraction of the lighting power in the space that is controlled by daylighting.

Units: Watts.

Input Restrictions: As designed.

Standard Design: The installed lighting power for the standard design is the product of the skylit daylit area
and the LPD for general lighting in the space.

Standard Design: Existing Buildings: Same as newly constructed buildings when skylights are added/replaced
and general lights are altered.

INSTALLED GENERAL LIGHTING POWER IN THE PRIMARY-AND-Sie¥EFF DAYLIT ZONE
Applicability: All spaces.
Definition: The installed lighting power of general lighting in the primary-and-skyit daylit zone.

The primary-and-skyhit daylit zone shall be defined on the plans and be consistent with the definition of the
primary=aae=skylit daylit zone in the Energy Code. Note that a separate building descriptor, fraction of
controlled lighting, defines the fraction of the lighting power in the space that is controlled by daylighting.
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Units: Watts.
Input Restrictions: As designed.

Standard Design: The installed lighting power for the standard design is the product of the primary daylit area
and the LPD for general lighting in the space.

Standard Design: Existing Buildings: Same as newly constructed buildings when skyights-windows are
added/replaced and general lights are altered.

INSTALLED GENERAL LIGHTING POWER IN THE SECONDARY DAYLIT ZONE
Applicability: All spaces.
Definition: The installed lighting power of general lighting in the secondary daylit zone.

The secondary daylit zone shall be defined on the plans and be consistent with the definition of the
secondary daylit zone in the Energy Code. Note that a separate building descriptor, fraction of controlled
lighting, defines the fraction of the lighting power in the space that is controlled by daylighting.

Units: Watts.
Input Restrictions: As designed.

Standard Design: The installed lighting power for the standard design is the product of the secondary daylit
area and the LPD for general lighting in the space.

Standard Design: Existing Buildings: Same as newly constructed buildings when skyights-windows are
added/replaced and general lights are altered.

REFERENCE POSITION FOR ILLUMINANCE CALCULATIONS

Applicability: All spaces or thermal zones, depending on which object is the primary container for daylighting
controls.

Definition: The position of the two daylight reference points within the daylit space.

Lighting controls are simulated so that the illuminance at the reference position is always maintained at or
above the illuminance setpoint. For step switching controls, the combined daylight illuminance plus
uncontrolled electric light illuminance at the reference position must be greater than the setpoint illuminance
before the controlled lighting can be dimmed or tuned off for stepped controls. Similarly, dimming controls
will be dimmed so that the combination of the daylight illuminance plus the controlled lighting illuminance is
equal to the setpoint illuminance.

Preliminary reference points for primary and secondary daylit areas are located at the farthest end of the
daylit area aligned with the center of each window. For skylit area, the preliminary reference point is located
at the center of the edge of the skylit area closest to the centroid of the space. In each case, the Z —
coordinate of the reference position (elevation) shall be located 2.5 feet above the floor.

Up to two final reference positions can be selected from among the preliminary reference positions identified
in for each space.
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Units: Data structure.

Space Uses

Input Restrictions: The user does not specify the reference position locations; reference positions are
automatically calculated by the compliance software based on the procedure outlined below. Preliminary
reference positions are each assigned a relative daylight potential (RDP) which estimates the available
illuminance at each position, and the final reference position selection is made based on the RDP.

Relative Daylight Potential: An estimate of daylight potential at a specific reference position. This is NOT used
directly in the energy simulation, but it used to determine precedence for selecting the final reference points.

The relative daylight potential is calculated as a function of effective aperture, azimuth, illuminance setpoint

and the type (skylit, primary sidelit, or secondary sidelit) of the associated daylit zone. RDP is defined as:

RDP = Cy X EA,

+ C, XSO

+ C3

Where:_C;,C,, and C3 are selected from the following table.

X Skylit-Daylit- Primary-Sidelit- | Secondary"
Zonesx Daylit'Zonesx SidelitDaylit-
Zonesx
Illuminan Civt | G Cgm| Cym| Com| Cym| Cyx| Com| C3x
ce*
Setpointx
<:200'luxd 3927=| O=| 305 | 180 | - 350 | 704 | - 116
1= 50 | 0.4 |62 |4x: 3.3 | 7=

O= 2x
<-1000- 1204 | O=| - 689 | - 475= 151 | - -22u
luxx bx 421=| 7x | 7.2 2= | 2.8

2= 8x
>-1000- 5900x=| Ox| - 884x| - 823x| 212x| - 57=
luxx 516x 5.8 0.9

5 Ix

Table 78: Illuminance Calculation
Illuminance Skylit Skylit Skylit Primary | Primary Primary | Secondary Secondary Secondary
Setpoint Daylit | Daylit | Daylit | Sidelit Sidelit Sidelit Sidelit Sidelit Sidelit
Zone Zone Zone Daylit Daylit Daylit Daylit Zone | Daylit Zone | Daylit Zone
C1 c2 C3 ZoneCl | ZoneC2 |ZoneC3 | Cl1 Cc2 C3

< 200 lux 3927 0 3051 1805 -0.40 3506 7404 -3.32 1167
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> 200 lux < 12046 | 0 -421 6897 -7.22 475 1512 -2.88 -22
1000 lux

> 1000 lux 5900

()
1
(9]
it
[e)]

884 -5.88

(o]
N
w
N
=
N

-0.93 57

llluminance Setpoint: This is defined by the user, subject to the limits specified in Appendix 5.4A, determined
from the space type.

Source Orientation (SO): The angle of the outward facing normal of the daylight source’s parent surface
projected onto a horizontal plane, expressed as degrees from south. This is not a user input but is calculated
from the geometry of the parent surface. For skylights, the source orientation is not applicable. For vertical
fenestration, it is defined:

SO = (180 — Azimuth)|

Where: Azimuth is defined as the azimuth of the parent object containing the fenestration associated with
the preliminary reference point.

Effective Aperture (EA): For this calculation, effective aperture represents the effectiveness of all sources
which illuminate a specific reference position in contributing to the daylight available to the associated daylit
zone. In cases where daylit zones from multiple fenestration objects intersect, the effective aperture of an
individual daylit zone is adjusted to account for those intersections according to the following rules:

e For skylit and primary sidelit daylit zones, intersections with other skylit or primary sidelit daylit zones
are considered.

e For secondary sidelit daylit zones, intersections with any toplit or sidelit (primary or secondary) daylit
zones are considered.

Effective aperture is defined as follows:

EA,, = (VTFH7 X Afq, + T F; X VT; X Ai\/Arl7
\ v} ya 77

Where:

EA,, - Is the combined effective aperture of all daylight sources illuminating a specific daylit zone.

VT g, - Is the user specified visible transmittance of the fenestration object directly associated with
the daylit zone.

Agg, - Is the area of the fenestration object directly associated with the daylit zone.

VT; - Is the user specified visible transmittance of the fenestration object associated with each
intersecting daylit zone.

A; - Is the area of the fenestration object directly associated with each intersecting daylit zone.

F; - Is the fraction of intersecting area between the daylit zone in question and each intersecting daylit
zone:

F;=A; ion/A
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Ag.i - Is the area of each intersecting daylit zone (including area that might fall outside a space or
exterior boundary).

Ay, - Is the area of the daylit zone (including area that might fall outside a space or exterior
boundary).

First Reference Position: Select the preliminary reference point with the highest relative daylight potential
(RDP) from among all preliminary reference points located within either top or primary sidelit daylit zones. If
multiple reference points have identical RDPs, select the reference point geometrically closest to the centroid
of the space.

Second Reference Position: Select the preliminary reference point with the second highest RDP from
amongst all remaining preliminary reference points located within either top or primary sidelit daylit zones. If
multiple reference points have identical RDPs, select the reference point geometrically closest to the centroid
of the space.

Standard Design: Reference positions for the standard design shall be selected using the same procedure as
those selected for the proposed design.

Standard Design: Existing Buildings: AWhen a addmons or aIternatlons ef—to the Ilghtmg in spaces tr|gger the
daylighting control requirements, w ; ; A
aﬂd—the reference positions shaII be determmed in the same manner as wrth newly constructed bwldmgs

ILLUMINATION ADJUSTMENT FACTOR

Applicability: All Daylit Spaces.

Definition: Recent studies have shown that the split flux interreflection component model used in many
simulation programs overestimates the energy savings due to daylighting, particularly deep in the space. A
set of two adjustment factors is provided, one for the primary daylit zone and one for the secondary daylit
zone.

For simulation purposes, the input daylight illuminance setpoint will be modified by the illuminance
adjustment factor as follows:

LiahtSetvointnﬁj = LightSetpoint X Adjustment Factor

Units: Unitless
Input Restrictions: Prescribed values for space type in Appendix 5.4A.
Standard Design: The standard design illumination adjustment factors shall match the proposed.

Standard Design: Existing Buildings: Same as newly constructed buildings when skylights-fenestrations-are is
added/replaced and general light is altered.

FRACTION OF CONTROLLED LIGHTING

Applicability: Daylit Spaces.
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Definition: The fraction of the general lighting power in the primary and skylit daylit zone, or secondary sidelit
daylit zone that is controlled by daylighting controls.

Units: Numeric: fraction

, b = 3 geredAs designed when the daylight
control requirements building descriptor indicates that mandatory daylighting controls are not required. If
daylighting controls are required, input is restricted to 1.

Standard Design: When daylight controls are required according to the daylight control requirements building
descriptor in either the primary daylit and skylit zone, or the secondary daylit zone, or both, the fraction of
controlled lighting shall be 1. When the daylight control requirements building descriptor indicates that they
are not required, the standard design shall match the proposed design.

Standard Design: Existing Buildings: Same as for newly constructed buildings when skylights-fenestrations-are
is added/replaced, and general light is altered.

DAYLIGHTING CONTROL TYPE
Applicability: Daylit Spaces.

Definition: The type of control that is used to control the electric lighting in response to daylight available at
the reference point.

Options:

e Stepped switching controls: The electric power input and light output vary in discrete, equally spaced
steps.

e Continuous dimming controls: The fraction to rated power to fraction of rated output that is a linear

interpolation of the minimum power fraction at the minimum dimming light fraction to rated power at

full light output. See Figure 4: Example of Lighting Power Fraction Continuous Dimming and

Continuous Dimming Plus OFF Daylighting Controls (with Minimum Dimming Fraction of 10

Percent)Ees —Exarms ightnge D 3 = Hous=—BH

e Continuous dimming + off controls: Same as continuous dimming controls except that these controls
can turn all the way off when none of the controlled light output is needed. The OFF stage is
implemented at a daylight illuminance of 150% or higher than design illuminance.
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Figure 4Z7#7#8: Example of Lighting Power Fraction Continuous Dimming and
Continuous Dimming Plus OFF Daylighting Controls (with Minimum Dimming
Fraction of 10 Percent)

100%
90%
80%

70%

Fraction of Rated Power

30%

20%

10%

0% 50% 100% 150% 200%

Daylight llluminance as a Fraction of Design llluminance

e ontinuous Dimming 10% Continuous dimming 10% + Off

Source: California Energy Commission
Units: List (see above).

Input Restrictions: Daylighting control type must be specified when fraction of controlled lightingdayighting
control is requiredgreater than zero. For parking garage with daylighting control, the users must use
continuous dimming plus off control or stepped switching control to meet the mandatory requirement.

Standard Design: Parking garage in standard design uses continuous plus off daylighting control. All other
spaces in standard design use continuous daylighting control.

Standard Design: Existing Buildings: Same as for newly constructed buildings when skyights-fenestrations-are
is added/replaced, and general lighting is altered.

MINIMUM DIMMING POWER FRACTION
Applicability: Daylit spaces.

Definition: The minimum power fraction when controlled lighting is fully dimmed. Minimum power fraction =
minimum power / full rated power.

Units: Numeric: fraction.
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Input Restrictions: In proposed design if continuous daylighting control is used, the dimming fraction must be
0.1 or lower. No restriction if other control types are used.

Standard Design: Standard design uses a minimum dimming power fraction of 0.1.

Standard Design: Existing Buildings: Same as for newly constructed buildings when skgights-fenestration isare
added/replaced, and general lighting is altered.

MINIMUM DIMMING LIGHT FRACTION
Applicability: Daylighting and dimming controls.

Definition: The minimum light output when controlled lighting is fully dimmed. Minimum light fraction =
minimum light output / rated light output.

Units: Numeric: fraction.
Input Restrictions: No restrictions.
Standard Design: Standard design uses a minimum dimming light fraction of 0.1.

Standard Design: Existing Buildings: Same as for newly constructed buildings when skgights-fenestration isare
added/replaced, and general lighting is altered.

5.4.6 Receptacle Loads

Receptacle loads contribute to heat gains in spaces and directly use energy.
RECEPTACLE POWER

Applicability: All building projects.

Definition: Receptacle power is power for typical general service loads in the building. Receptacle power
includes equipment loads normally served through electrical receptacles, such as office equipment and
printers, but does not include either task lighting or equipment used for HVAC purposes. Receptacle power
values are slightly higher than the largest hourly receptacle load that is actually modeled because the
receptacle power values are modified by the receptacle schedule, which approaches but does not exceed 1.0.

Units: Total power (W) or the space power density (W/ft?)

Compliance software shall also use the following prescribed values to specify the latent,-heatgain-fraction
and-the-radiative, and £convective heat gain split. If the sum of these values is less than 1, the balance is

assumed to be lost from the space.

Heat Gain Fractions:

Receptacle Power

e Radiative: 0.20
e latent: 0.00

e Convective: 0.80
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Gas Equipment Power
e Radiative: 0.15

e latent: 0.00

e Convective: 0.00

Input Restrictions: Prescribed to values from Appendix 5.4A for nonresidential buildings.

For multifamily buildings, the rules established in Chapter 6 Multifamily Building Descriptors Reference of the
Nonresidential ACM Reference Manual apply.

Fhis-onlyapplies-with-For-computer-Spacesreem-space; receptacletoadminimumwith an information

technology equipment (ITE) equipment power density that is greater than 20 W/ft? are considered computer
rooms.-

Standard Design: Same as proposed.

Standard Design: Existing Buildings: Same as for newly constructed buildings.
RECEPTACLE SCHEDULE

Applicability: All projects.

Definition: Schedule for receptacle power loads used to adjust the intensity on an hourly basis to reflect time-
dependent patterns of usage.

Units: Data structure: schedule, fraction.

Input Restrictions: For healthcare facilities, the schedule is the same as the proposed design. For all
nonresidential buildings, the schedule is based on the predominant schedule group of the building steryfloor
or zone. See Chapter 2.3.3 Space Use Classification Considerations for details. For multifamily buildings, see
Chapter 6 Multifamily Building Descriptors Reference.

Standard Design: Same as proposed.

Standard Design: Existing Buildings: Same as for newly constructed buildings.
UPS EFFICIENCY

Applicability: Computer rooms and data centers with computer rooms.

Definition: The efficiency of the Uninterruptible Power Supply (UPS) systems in a computer room. This only
applies with-to computer room process loads with an ITE equipment power density greater than 20 W/ft?

o itr: 0 20 Wk

Units: Percentage, 0 to 100%.

Input Restrictions: For healthcare facilities, same as the proposed design. For all nonresidential buildings, the
schedule is based on the predominant schedule group of the building steryfloor or zone. See Chapter 2.3.3
Space Use Classification Considerations for details. For multifamily buildings, see Chapter 6 Multifamily
Building Descriptors Reference.

Standard Design: The UPS Efficiency shall match the requirements in Table 140.9-B.
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Standard Design: Existing Buildings: Same as for newly constructed buildings.

5.4.7 Commercial Refrigeration Equipment

Commercial refrigeration equipment includes the following:

e Walk-in refrigerators
e Walk-in freezers
e Refrigerated casework

Refrigeration equipment is modeled as neutral plug loads, with the standard design power matching the
proposed design and no heat added to or removed from the space where the equipment is located.

REFRIGERATION MODELING METHOD
Applicability: All buildings that have commercial refrigeration for cold storage or display

Definition: The method used to estimate refrigeration energy and to model the thermal interaction with the
space where casework is located.

Title 24 defaults. With this method, the power density values provided in Appendix 5.4A are used; schedules
are assumed to be continuous operation.

Units: List (see above).

Input Restrictions: The Title 24 defaults shall be used.

Standard Design: Title 24 defaults.

Standard Design: Existing Buildings: Same as for newly constructed buildings.

REFRIGERATION POWER
Applicability: All buildings that have commercial refrigeration for cold storage or display.

Definition: Commercial refrigeration power is the average power for all commercial refrigeration equipment,
assuming constant year-round operation. Equipment includes walk-in refrigerators and freezers, open
refrigerated casework, and closed refrigerated casework. It does not include residential type refrigerators
used in kitchenettes or refrigerated vending machines. These are covered under receptacle power.

Units: Total power (W) or the space power density (W/ft?). The latent, radiative, and convective heat gain
fractions are modeled as 0, resulting in no heat added to or removed from the space where the equipment is

located WAFE2:

Input Restrictions: With the Title 24 defaults method, the values in Appendix 5.4A are prescribed. These
values are multiplied times the floor area of the rated building to estimate the refrigeration power.

Standard Design: Refrigeration power is the same as the proposed design when the Title 24 defaults method
is are-used.

Standard Design: Existing Buildings: Same as for newly constructed buildings.
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5.4.8 Elevators, Escalators and Moving Walkways

Elevators, escalators and moving walkways account for 3 percent to 5 percent of electric energy use in
buildings.* Buildings up to about five to seven steriesfloors typically use hydraulic elevators because of their
lower initial cost. Mid-rise buildings commonly use traction elevators with geared motors, while multifamily
buildings typically use gearless systems where the motor directly drives the sheave. The energy-using
components include the motors and controls as well as the lighting and ventilation systems for the cabs.

Elevators, escalators, and moving walkways are modeled as a plug loads, with the standard design power
matching the proposed design.

ELEVATOR & ESCALATOR POWER

Applicability: All buildings that have commercial elevators, escalators, or moving walkways.
Definition: The power for elevators, escalators and moving walkways are modeled as plug loads.
Units: W{Number of units.

Input Restrictions: The power values are prescribed as 10 kW per elevator and 3.93 kW per escalator or
moving walkway for the proposed design.

Standard Design: Same as the proposed design.

Standard Design: Existing Buildings: Not applicable.

ELEVATOR & ESCALATOR SCHEDULE

Applicability: All buildings that have commercial elevators, escalators, or moving walkways.

Definition: The schedule of operation for elevators, escalators, and moving walkways. This is used to convert
elevator/escalator power to energy use.

Units: Data structure: schedule, state.

Input Restrictions: For healthcare facilities, the schedule is the same as the proposed design. For all
nonresidential buildings, the schedule is based on the predominant schedule group of the building steryfloor
or zone. See Chapter 2.3.3 Space Use Classification Considerations for details. For multifamily buildings, see
Chapter 6 Multifamily Building Descriptors Reference.

Standard Design: Same as the proposed design.

Standard Design: Existing Buildings: Not applicable.

5.4.9 Process Loads

Commercial gas_and electric equipment includes the following:

e Commercial kitchen or laboratory 8ovens

1 Sachs, Harvey M., Opportunities for Elevator Energy Efficiency Improvements, American Council for an Energy
Efficiency Economy, April 2005.
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s—Commercial kitchen fkryers and grills

o Grills

e Other equipment
The majority of commercial gas equipment is located in the space and may contribute both sensible and
latent heat. Gas equipment is modeled by specifying the rate of average gas consumption or a fractional
schedule that is prescribed in Appendix 5.4B which represents full load hours. The procedure consists of
prescribed power and energy values for use with both the proposed and standard design buildings. No credit
for commercial gas energy efficiency features is offered. For all electric buildings, the electric equipment

power is the same as the gas equipment power but is modeled as electric load, see “Gas Equipment
Schedule” for more details.

The prescribed average load values are provided in Appendix 5.4A. The full load schedules in Appendix 5.4B
are used as the default.

GAs EQUIPMENT POWER

Applicability: All spaces withbuHdings-thathave commercial gas equipment.

Definition: Commercial gas power is the annual average power for all commercial gas equipment, such as gas-
powered commercial cooking equipment, assuming constant year-round operation.

Units: Btu/h-ft2.

Compliance software shall also use the following prescribed values to specify the latent heat gain fraction and
the radiative/convective heat gain split.

For compliance software that specifies the fraction of the heat gain that is lost from the space, this fraction
shall be prescribed at 0.

Gas Equipment Power Heat Gain Fractions:
Radiative = 0.15, Latent = 0, Convective =0

Input Restrictions: The values in Appendix 5.4A are prescribed. However, these values may be overridden with
a “0” value for buildings that are designed to use only electricity as the source.

Standard Design: Same as the proposed design.

Standard Design: Existing Buildings: Same as the proposed design.

GAS EQUIPMENT SCHEDULE

Applicability: All buiteings-spaces withthathave commercial gas equipment.

Definition: The schedule of operation for commercial gas equipment. This is used to convert gas power to
energy use. Since the gas equipment power is an annual average value the hourly energy use is calculated as
follows.

8760

GasEnergyUse; = Powery,, X X Schedule (i)

sch

Where
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GasEnergyUse; is the gas energy use per square foot of the building space at the it" hour of the year

Powery,, is the annual average gas equipment power in Btu/hr-ft?

FLH_, is the full load hour of the schedule in a year, and

Schedule(i) is the schedule value at the it" hour.

Units: Data structure: schedule, fractional.

Input Restrictions: For healthcare facilities, the schedule is the same as the proposed design. For all
nonresidential buildings, the schedule is based on the predominant schedule group of the building steryfloor
or zone. See Chapter 2.3.3 Space Use Classification Considerations for details. For multifamily buildings, see
Chapter 6 Multifamily Building Descriptors Reference.

Standard Design: Same as the proposed design.

Standard Design: Existing Buildings: Not applicable.

GAS PROCESS LOADS

Applicability ~ Spaces with gas process loads.

Definition: Process load is the gas energy consumption in the conditioned space of a building resulting from
an activity or treatment not related to the space conditioning, lighting, service water heating, or ventilating of
a building as it relates to human occupancy. Process load may include sensible and/or latent components.

Compliance software shall model and simulate process loads only if the amount of the process energy and
the location and type of process equipment are specified in the construction documents. This information
shall correspond to specific special equipment shown on the building plans and detailed in the specifications.

Units: Data structure: FetakPeak load (Btu/h-ft?), radiant fraction, latent fraction, and loss fraction.

Input Restrictions: Compliance software shall receive input for total load, radiant fraction, latent fraction, and
loss fraction for each zone in the proposed design. The radiant, latent, and loss fraction are defaulted to zero.
The process load input shall be the anaual-averagepeak of the process load (Btu/h-ft2) and the thermal zone
where the process equipment is located. The modeled information shall be consistent with the plans and
specifications of the building.
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Standard Design: The standard design shall use the same gas process loads and sensible and latent
contribution and radiative/convective split for each zone as the proposed design.

Standard Design: Existing Buildings: Same as newly constructed buildings.

GAS PROCESS LOAD SCHEDULE

Applicability: All buildings that have commercial gas equipment.

Definition: The schedule of process load operation. Used to convert gas power to energy use.
Units: Data structure: schedule, fractional.

Input Restrictions: As designed.

Standard Design: Same as the proposed design.

Standard Design: Existing Buildings: Not applicable.

ELECTRIC EQUIPMENT POWER
Applicability: All spaces with commercial electric equipment.

istThe average power for all commercial electric equipment, such as

electric commercial cooking appliances, assuming constant year-round operation.
Units: W/ft2.

Compliance software shall also use the following prescribed values to specify the latent heat gain fraction and
the radiative/convective heat gain split.

For compliance software that specifies the fraction of the heat gain that is lost from the space, this fraction
shall be prescribed at 0.

Electric Equipment Power Heat Gain Fractions:

Radiative = 0.15, Latent = 0, Convective =0

Input Restrictions: The value is prescribed and derived from the gas equipment power value defined in
Appendix 5.4A, converted to W/ft2. The electric equipment value will be “0” for buildings that have fossil fuel

gas as an available source.
Standard Design: Same as the proposed design.
Standard Design: Existing Buildings: Same as the proposed design.

ELECTRIC EQUIPMENT SCHEDULE
Applicability: All buildings that have commercial electric equipment.

Definition: The schedule of operation for commercial electric equipment. This is used to convert the gas
equipment power defined in Appendix 5.4A to hourly energy consumption. Since the gas equipment power is
an annual average value the hourly energy use is calculated as follows.
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. 8 .
ElecEquipUse; = Powerg,g X m X Schedule(i)

Where:
ElecEquipUse;_is the electric energy use per square foot of the building space at the i*" hour of the year
Powery, is the annual average electric equipment power in W/ft*

FLHgp, is the full load hour of the schedule in a year, and

Schedule(i) is the schedule value at the i hour.

Units: Data structure: schedule, fractional.

Input Restrictions: For healthcare facilities, the schedule is the same as the proposed design. For all
nonresidential buildings, the schedule is based on the predominant schedule group of the building stes¢floor
or thermal zone. See Chapter 2.3.3 Space Use Classification Considerations for details. For multifamily
buildings, see Chapter 6 Multifamily Building Descriptors Reference.

Standard Design: Same as the proposed design.

Standard Design: Existing Buildings: Not applicable.

ELECTRIC PROCESS LOADS

Applicability: Spaces with electric process loads.

Definition: Process load is the electrical energy consumption in the conditioned space of a building resulting
from an activity or treatment not related to the space conditioning, lighting, service water heating, or
ventilating of a building as it relates to human occupancy.

Data center loads including transformers, uninterruptible power supplies, power delivery units, server fans
and power supplies are considered receptacle loads, not process loads, and the equipment schedules are
given in Appendix 5.4B.

Compliance software shall model and simulate process loads only if the amount of the process energy and
the location and type of process equipment are specified in the construction documents. This information
shall correspond to specific special equipment shown on the building plans and detailed in the specifications.
The compliance software shall inform the user that the compliance software will output process loads
including the types of process equipment and locations on the compliance forms.

Units: Data structure: load (kW).

For electric process loads, the radiative, latent, and loss fractions shall be defaulted by the compliance
software to 0.0 resulting in a convective fraction of 1.0. The user may enter other values for the
radiative/convective split, but the compliance software shall verify that the values add to 1.

Input Restrictions: Compliance software shall receive input for sensible and/or latent process load for each
thermal zone in the proposed design. The process load input shall be the anrual-averagepeak of the process
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load (W/h-ft2) and the thermal zone where the process equipment is located. The modeled information shall
be consistent with the plans and specifications of the building.

Standard Design: The standard design shall use the same process loads and radiative/convective split for each
zone as the proposed design.

Standard Design: Existing Buildings: Same as newly constructed buildings.
ELECTRIC PROCESS LOAD SCHEDULE

Applicability: Spaces with electric process loads.

Definition: The schedule of electric process load operation.

Units: Data structure: schedule, fractional.

Input Restrictions: As designed.

Standard Design: Same as the proposed design.

Standard Design: Existing Buildings: Not applicable.

5.4.10 Water Heating Use

This chapter defines the water heating load (use rate) and system requirements on a space level.
SPACE WATER HEATING USE RATE

Applicability: All spaces.

Definition: The water heating use rate for a space in a building.

Units: Gal/h per person.

Input Restrictions: The values in Appendix 5.4A are prescribed.

Standard Design: Same as the proposed design.

Standard Design: Existing Buildings: Not applicable.

SPACE WATER HEATING FUEL TYPE

Applicability: All spaces.

Definition: A mapping that defines the standard design water heating fuel type for a space.
Units: List; gas or electric.

Input Restrictions: As designed.

Standard Design: Prescribed from the table in Appendix 5.4A.

Standard Design: Existing Buildings: Not applicable.
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5.5 Building Envelope Data

5.5.1 Materials

Energy simulation programs commonly define construction assemblies by listing a sequence of material layers
that make up the construction assembly. Appendix 5.5 has a list of standard materials that may be referenced
by construction assemblies. Alternate methods may be used to define construction assemblies such as
specifying the U-factor and optionally, a metric describing thermal mass such as heat capacity (HC). These
alternate methods may not require identification of materials. When a material is defined, all of the
properties listed below must be defined. Some materials listed in Appendix 5.5 are non-homogeneous, for
instance, framing members with insulation in the cavity. The properties of each material layer can be found in
ACM Appendix 5.5.

MATERIAL NAME

Applicability: Opaque constructions.

Definition: The name of a construction material used.
Units: Text: unique.

Input Restrictions: Material name is a required input for materials not available from the standard list in ACM
Appendix 5.5. The user may not modify entries for predefined materials.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Not applicable.
DENSITY

Applicability: Opaque constructions.

Definition: The density, mass per unit volume, of the construction material as documented in Appendix 5.5A.
Units: |b/ft3.

Input Restrictions: Prescribed from Appendix 5.5.
Standard Design: Not applicable.

Standard Design: Existing Buildings: Not applicable.
SPECIFIC HEAT

Applicability: Opaque constructions.

Definition: The specific heat capacity of a material is numerically equal to the quantity of heat that must be
supplied to a unit mass of the material to increase its temperature by 1°F.

Units: Btu/Ib-°F.

Input Restrictions: Prescribed from Appendix 5.5.
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Standard Design: Not applicable.

Standard Design: Existing Buildings: Not applicable.
THERMAL CONDUCTIVITY

Applicability: All non-standard materials.

Definition: The thermal conductivity of a material of unit thickness is numerically equal to the quantity of
heat that will flow through a unit area of the material when the temperature difference through the material
is 1°F.

Units: Btu/lb-°F.

Input Restrictions: Prescribed from Appendix 5.5.
Standard Design: Not applicable.

Standard Design: Existing Buildings: Not applicable.
THICKNESS

Applicability: All non-standard materials.
Definition: The thickness of a material.

Units: Inches.

Input Restrictions: Prescribed from Appendix 5.5.
Standard Design: Not applicable.

Standard Design: Existing Buildings: Not applicable.

5.5.2 Construction Assemblies

For California compliance, construction assemblies for the proposed design shall be created by selecting from
a library of building construction layers in ACM Appendix 5.5. The compliance software shall specify
composite layers that consist of both framing and insulation. It shall use established methods defined in the
ASHRAE Handbook of Fundamentals for calculating effective R-values of composite layers.

MAss WALLS

For mass walls, the user first chooses the mass layer from Appendix 5.5. After that, the user may select an
insulating layer from Appendix 5.5 for outside and/or inside the mass wall.

BALLASTED ROOFS, VEGETATED ROOFS, CONCRETE PAVERS, AND OTHER MASS ROOFS
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An additional layer may be added to the roof construction assembly when thermal mass is used above the
roof membrane. This exception is intended to allow ballasted roofs, concrete pavers, and other massive
elements to be explicitly modeled. To qualify, the weight of the stone ballast, the concrete pavers or other
elements must exceed 25 Ib/ft%. The thickness, heat capacity, conductance and density of the additional mass
layer shall be based on the measured physical properties of the material. If the surface properties of the
additional mass material have been verified through the Cool Roof Rating Council (CRRC), the CRRC reported
properties may be used for the proposed design. Otherwise, the mass layer shall be modeled with an aged
reflectance of 0.10 and an emittance of 0.75.

ASSEMBLY NAME
Applicability: All projects.

Definition: The name of a construction assembly that describes a roof, wall, or floor assembly. The name
generally needs to be unique so it can be referenced precisely by surfaces.

Units: Text.

Input Restrictions: Required input and name must be unique.
Standard Design: Not applicable.

Standard Design: Existing Buildings: Not applicable.
SPECIFICATION METHOD

Applicability: All projects.

Definition: The method of describing a construction assembly. The common method is to describe the
construction assembly as a series of layers, each layer representing a material. For slab-on-grade
constructions, exterior insulation levels are specified, and the compliance software determines the
corresponding F-factor from Reference Appendix JA4 tables.

Units: List: layers, F-factor.

Input Restrictions: The layers method shall be used for all above-grade constructions.

Standard Design: For each construction, the proposed design specification method shall be used.
Standard Design: Existing Buildings: Same as newly constructed buildings.

LAYERS

Applicability: All construction assemblies that use the layers method of specification

Definition: A structured list of material names that describe a construction assembly, beginning with the
exterior finish and progressing through the assembly to the interior finish. Material names must be from the
standard list (Appendix E) or defined (see above) ACM Appendix 5.5A.

Units: List: layers of construction assembly

Input Restrictions: The user is required to describe all layers in the actual assembly and model the proposed
design based the layer descriptions.
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Standard Design: See building descriptors for roofs, exterior walls, exterior floors, doors, fenestration, and
below-grade walls.

Standard Design: Existing Buildings: Same as newly constructed buildings

5.5.3 Roofs
RooF NAME
Applicability: All roof surfaces.

Definition: A unique name or code that identifies the roof and ties it to the construction documents
submitted for energy code review. It is not mandatory to name roofs.

Units: Text.

Input Restrictions: Name must be unique.
Standard Design: N/A.

Standard Design: Existing Buildings: N/A.
ROOF TYPE

Applicability: All roof surfaces.

Definition: A roof classification defined in the Energy Code. This descriptor can be derived from other building
descriptors, and it may not be necessary for the compliance software user to specify it directly.

Units: List: metal building roofs, wood framed or other; residential or non-residential; steep or low-slope roof.
Input Restrictions: As designed for existing buildings.

Standard Design: All roofs in the standard design are modeled as wood-framed and other.

Standard Design: Existing Buildings: Same as proposed.

ROOF GEOMETRY

Applicability: All roofs.

Definition: Roof geometry defines the position, orientation, azimuth, tilt, and dimensions of the roof surface.
The details of how the coordinate system is implemented may vary between compliance software programs.
The data structure for surfaces is described in the reference section of this chapter.

Units: Data structure: surface.

Input Restrictions: There are no restrictions other than that the surfaces defined must agree with the building
being modeled, as represented on the construction drawings or as-built drawings.

Standard Design: Roof geometry is identical in the proposed and standard design building designs.

Standard Design: Existing Buildings: Roof geometry will be identical in the proposed and standard design
building designs. For alterations, roof geometry will be fixed based on one of the building prototypes.
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ROOF SOLAR REFLECTANCE
Applicability: All opaque exterior roof surfaces exposed to ambient conditions.

Definition: The solar reflectance of a material. For roofing materials, the three-year aged reflectance value
from CRRC testing should be used if available.

Units: Unitless.
Input Restrictions: Must be in the range of 0 to 1.

For roofs that are part of newly constructed buildings, if asphalt shingles or composition shingles are not
rated by the CRRC, the default aged solar reflectance shall be equal to 0.08 for asphalt roofs and 0.10 for all
other roof types. The default value may be overridden when roof materials are used that the CRRC has tested
and are called for in the construction documents. In cases where the default value is overridden, the user is
required to submit documentation identifying the test procedure that was used to establish the non-default
values. If the aged CRRC reflectance is not known, the aged CRRC reflectance may be calculated from the
initial CRRC reflectance using the following equation:

paged = 0.2 + B - (pinit—0.2)pggeq = 0.2 + B * (i — 0.2)
Where,

Pageapaged - the calculated aged reflectance
B - 0.65 for field-applied coatings, 0.7 for all other roof surfaces
PinigpHait - the initial CRRC reflectance

As a compliance option, low-sloped roofs that use aggregate may specify an aged reflectance of 0.50 if the
product meets the following criteria:

e Conforms to material standard ASTM D1863.

e Conforms to ASTM D448, size number equal between No.6 and No.7.

e Has a CRRC-tested initial solar reflectance that meets or exceeds 0.55 using the ASTM E1918 test
procedure with aggregate passing a No. 4 sieve and is retained by a No. 8 sieve that conforms to ASTM
D448, conducted by a CRRC-accredited independent laboratory meeting the requirement of §Section
10-113(d)4 of the BuildingEnergy-Efficieney-StandardsEnergy Code.

e Has alabel on bags or containers of aggregate stating that the materials conform to ASTM D1863 and
ASTM D448.

Standard Design: For newly constructed buildings, the standard design reflectance is defined in Table 140.3-B
for nonresidential buildings, Table 140.3-C for guest rooms of hotel/motel buildings containing guestrooms,
Table 140.3-D for relocatable classroom buildings, and Table 170.2-A for multifamily buildings.

For alterations to more than 50 percent of the roof area or roof areas above 2,000 ft2, the standard design
shall be modeled as the more efficient of either the existing conditions or the values required for cool roofs
under §Section 141.0 and §Section 180.2 of the Energy Code.
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Standard Design: Existing Buildings: For alterations to more than 50 percent of the roof area or roof areas
above 2,000 ft?, the standard design shall be modeled as the more efficient of either the existing conditions
or the values required for cool roofs under §Section 141.0 and &Section 180.2.

ROOF THERMAL EMITTANCE
Applicability: All opaque exterior roof surfaces exposed to ambient conditions.

Definition: The thermal emittance of a material. For roofing materials, the three-year aged emittance value
from CRRC testing should be used if available.

Units: Unitless.
Input Restrictions: Must be in the range of 0 to 1.

For roofs, newly constructed buildings: as designed, from CRRC values. If CRRC rating information is not
available, the default thermal emittance shall be 0.85. Aggregate that meets the following criteria may specify
a thermal emittance of 0.85:

e Conforms to material standard ASTM D1863.

e Conforms to ASTM D448, size number equal between No.6 and No.7.

e Has a CRRC-tested initial solar reflectance that meets or exceeds 0.55 using the ASTM E1918 test
procedure with aggregate passing a No. 4 sieve and is retained by a No. 8 sieve that conforms to ASTM
D448, conducted by a CRRC accredited independent laboratory meeting the requirement of §Section

10-113(d) 4 of the Building-Energy-Efficiency-StandardsEnergy Code.
e Has alabel on bags or containers of aggregate stating that the materials conform to ASTM D1863 and
ASTM D448.

Standard Design: For roofs, newly constructed buildings, the standard design thermal emittance shall be 0.75.

For alterations to more than 50 percent of the roof area or roof areas above 2,000 ft?, the standard design
shall be modeled as the more efficient of either the existing conditions or a thermal emittance of 0.85.

Standard Design: Existing Buildings: If the existing roof is unaltered, same as proposed. For alterations, the
standard design is 0.85.

For alterations to more than 50 percent of the roof area or roof areas above 2,000 ft?, the standard design
shall be modeled as the more efficient of either the existing conditions or a thermal emittance of 0.80.

ROOF CONSTRUCTION
Applicability: All roofs.

Definition: A specification containing a series of layers that result in a construction assembly for the proposed
design. The first layer in the series represents the outside (or exterior) layer and the last layer represents the
inside (or interior) layer. See the building descriptors above for roof construction type.

Units: List: layers.

Input Restrictions: The area-weighted average of the roof construction assembly U-factors, defined by a series
of layers, must be equal to or more efficient than the mandatory U-factor requirements of §Section 120.7 and
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§Section 160.1 of the Energy Code for newly constructed buildings, and §Section 141.0 and §Section 180.2 of
the Energy Code for alterations. Note that these U-Factor requirements assume an exterior air film of R-0.17
and an interior air film of R-0.61. Each layer specified must be listed in the materials database in the ACM
Appendix 5.5.

Newly constructed buildings

e Metal Building: U —0.098
e Wood Framed and Others: U — 0.075

Additions and Alterations

e Roof / Ceiling Insulation: See §Section 141.0(b)2Biii and §Section 180.2(b)2B of the Energy Code
Appropriate R-values for insulation can be calculated using the formula below.
R; ion = (1/UFactor) — R —R —R —R
+ Rinc

Ceilings that form the boundary between the modeled building of an additions and alterations project and
the existing, un-modeled portion of the building may be modeled as adiabatic roofs (no heat transfer).

Rincﬂlnfinn = Rinc

Tontinuous framing

Standard Design: Roofs in the standard design are of the type “insulation entirely above deck.” The insulation
requirement is determined by climate zone. The standard design building roof construction shall be modeled
as layers as defined. See Appendix 5.5for details.

For newly constructed buildings, the standard design roof type is wood framed and other, and the roof is a
standing seam metal roof, with the R-value of continuous insulation adjusted to match the prescriptive
standards for wood-framed and other roofs. The U-factor required for roof construction is defined in Table
140.3-B, 140.3-C, 140.3-D, or Table 170.2-A of the Energy Code. Programs that model a U-factor shall include
an exterior and interior air film resistance. The standard design construction is based on JA4 Table 4.2.7 and
assumes an exterior air film of R-0.17 and an interior air film of R-0.61.

The standard design construction shall include the following layers:
Layer 1:

s——— Metal Standing Seam 1/16 in.

7S (R -0.00)

Layer 2;

s——— Continuous Insulation

. (R - Based on Climate Zone)

Layer 3

s———: Open Framing + No Insulation

. (R -0.00)
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The value of the continuous insulation layer entirely above framing shall be set to achieve the following R-
values:

Nonresidential Buildings: Continuous Insulation

Climate Zones 6, 7, 8:

- _R-21.34 (U—-0.0478)

All Other Climate Zones:

. _R35.78 (U—-0.028)
Multifamily Buildings and Hotel/Motel Guestrooms: Continuous Insulation

Climate Zones 1, 2,4,8-16:

. _R-34.93 (U—0.028)
Climate Zone 7:

. _R-24.86 (U—0.039)
Climate Zones 3, 5, 6:

. _R-28.63 (U—0.034)

For mixed-use buildings, the roof standard design requirements shall be determined by which space type
(nonresidential or residential) is the majority of the floor area of the adjoining conditioned spaces.

For re-locatable classroom buildings, the standard design shall use the construction assembly corresponding
to the most stringent of requirements in any climate zone, or R-28.63 continuous insulation.

For alterations, any approved roof type may be used. The U-factor in the standard design shall be modeled as
the more efficient of either the existing conditions or the values stated in §Section 141.0 and §Section 180.2
of the Energy Code. Where applicable, selection shall be based on building type, assembly, and climate zone.
A construction of layers shall be defined to yield an equivalent U-factor.

Standard Design: Existing Buildings: For existing buildings, if the roof component is not altered, the standard
design roof construction shall match the proposed design roof construction of the existing building. If the roof
is altered, the roof component shall meet the prescriptive requirements for newly constructed buildings for
the roof type of the existing building.

The roof type of the existing building is either a metal building roof or a wood-framed or other roof. The
standard design roof assemblies for altered roofs are shown below for the appropriate climate zones.
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Alterations Roof Standard Design:

For alterations, any approved roof type may be used. The U-factor in the standard design shall be modeled as
the more efficient of either the existing conditions or the values stated in §Section 141.0 and §Section 180.2
of the Energy Code. Where applicable, selection shall be based on building type, assembly, and climate zone.
A construction of layers shall be defined to yield an equivalent U-factor.

5.5.4 Exterior Walls
WALL NAME
Applicability: All walls.

Definition: A unique name or code that relates the exterior wall to the design documents. This is an optional
input since there are other acceptable ways to key surfaces to the construction documents.

Units: Text.

Input Restrictions: Must be unique.
Standard Design: None.

Standard Design: Existing Buildings: None.
WALL TYPE

Applicability: All walls.

Definition: One of four categories of above-grade wall assemblies used to determine minimum insulation
requirements for walls. The five wall type categories are as follows:

Mass Light
Mass Heavy
Metal building
Metal framing

P wnNe

5. Wood framing and other walls

A mass light wall is defined as a wall with total heat capacity greater than 7 but less than 15 Btu/ft?-. A mass
heavy wall is defined as a wall with a total heat capacity of 15 Btu/ft2-°F or greater. (Heat capacity is defined
as the product of the specific heat in Btu/Ib-°F, the thickness in ft, and the density in Ib/ft3.)

Units: List: mass light, mass heavy, metal building walls, metal framing walls, and wood framing and other
walls

Input Restrictions: This input is required for existing buildings when any wall is altered. This input is not
required for newly constructed buildings.

Standard Design: All walls in the standard design building are modeled as “metal framed.”

Standard Design: Existing Buildings: Same as proposed.

WALL GEOMETRY
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Applicability: All walls

Definition: Wall geometry defines the position, orientation, azimuth, and tilt of the wall surface. The data
structure for surfaces is described in the reference section of this chapter.

Units  Data structure: surface

Input Restrictions: As designed

Standard Design: Same as proposed

Standard Design: Existing Buildings: Same as proposed
WALL FIRE RATING

Applicability: All walls in multifamily buildings.

Definition: The fire rating for the exterior walls in the building.
Units: hr (integer — typically, 1 hr, 2 hr).

Input Restrictions: This input is required for existing buildings when any wall is altered. This input is not
required for newly constructed buildings.

Standard Design: Not required.

Standard Design: Existing Buildings: Same as proposed.

WALL SOLAR REFLECTANCE

Applicability: All opaque exterior walls exposed to ambient conditions.

Definition: The solar reflectance of a material.

Units: Unitless ratio.

Input Restrictions: For walls and other non-roof surfaces, the value is prescribed to be 0.3.
Standard Design: For walls and other non-roof surfaces, the value is prescribed to be 0.3.
Standard Design: Existing Buildings: 0.3.

WALL THERMAL EMITTANCE

Applicability: All opaque exterior walls exposed to ambient conditions.

Definition: The thermal emittance of a material.

Units  Unitless ratio.

Input Restrictions: For walls and other non-roof surfaces, the value is prescribed to be 0.9.
Standard Design: For walls and other non-roof surfaces, the thermal emittance is 0.9.

Standard Design: Existing Buildings: For walls and other non-roof surfaces, the thermal emittance is 0.9.
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WALL CONSTRUCTION
Applicability: All walls that use the layers method.

Definition: A specification containing a series of layers that result in a construction assembly for the proposed
design. The first layer in the series represents the outside (or exterior) layer and the last layer represents the
inside (or interior) layer. See the building descriptors above for wall construction type.

Units: List: Layers.

Input Restrictions: The area weighted-average of the construction assembly U-factors, defined by a series of
layers, must be equal to or more efficient than the mandatory U-factor requirements of §Section 120.7 and
§Section 160.1 of the Energy Code for newly constructed buildings. Note that these U-Factor requirements
assume an exterior air film of R-0.17 and an interior air film of R-0.68. Each layer specified, with the exception
of composite layers, must be listed in the materials database in the ACM Appendix 5.5A.

Newly Constructed

Metal Building

e U -0.113 nonresidential and multifamily

Metal Framed

e U - 0.151{R-13cavity +R-2continuousinsulation,erequivalent)_nonresidential
e U-—0.148 multifamily

Light Mass Walls

e U - 0.440 nonresidential and multifamily

Heavy Mass Walls

e U - 0.690 nonresidential and multifamily
Wood Framed and Others

e U - 0.110_nonresidential

e U —0.095 multifamily nominal 2x4 inch framing
e U —0.069 multifamily 2x6 inch framing

e U—0.102 multifamily all others

Spandrel Panels / Glass Curtain Walls

e U - 0.280_nonresidential and multifamily
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Additions and Alterations

Metal Bu
ilding

e aU—-0.113 nonresidential and multifamily
#Metal Framed

e dU—0.217 nonresidential and multifamily
"#Wood Framed and Others
e tU—0.110 nonresidential and multifamily

#Spandrel Panels / Glass Curtain Walls
e dU —0.280 nonresidential and multifamily

gAppropriate R-values for insulation can be calculated using the formula below.
Ri-nculnh'nw = (1/UFaCt0r) - Rlnvor{1\ - Rl aver(2) — Rl aver(3) — Rl aver(n)
7 7 4 =7 4 A 4 <7

R; ion = R; . + R; .
—m‘smman—msmrmnm—msﬁmmzy
Walls that form the boundary between the modeled building of an additions and alterations project and the
existing, un-modeled portion of the building may be modeled as adiabatic walls (no heat transfer).

Standard Design: The U-factor required for wall construction of the standard design building is defined in
Table 140.3-B, 140.3-C, 140.3-D, or 170.2-A of the Energy Code. Programs that model a U-factor shall use an
exterior and interior air film resistance. The standard design construction is based on JA4 Table 4.3.3 and
assumes an exterior air film of R-0.17 and an interior air film of R-0.68.

For metal framed walls, the standard design construction shall include the following layers:

Layer 1

e Stucco-—7/8in.
e R-0.18

Layer 2

e Building Paper
e R-0.06

Layer 3

e Continuous Insulation

e R -Based on Climate Zone
Layer 4

e Closed Framing and No Ins.
e R-0.65

Layer 5

e Gypsum Board—1/2 in.

e R-0.45

Standard Design: Existing Buildings: The value of the continuous insulation layer entirely outside framing shall
be set to achieve the following R-values:

Nonresidential Buildings: Continuous Insulation
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Climate Zones 1, 6, and 7

e R-1447

Climate Zones 2, 4,5, and 8 — 16
e R-15.99

Climate Zone 3

e R-11.90

Multifamily Buildings and Hotel/Motel Guestrooms: Continuous Insulation

Climate Zones 1 - 6, and 8-16

e R-12.30
Climate Zone 7
e R-7.33

For mixed-use buildings that contain both nonresidential and residential spaces, walls adjacent to
nonresidential spaces shall use the Nonresidential Buildings standard design construction, and walls adjacent
to residential and multifamily spaces shall use the multifamily standard design construction.

For relocatable classroom buildings, the standard design shall use the construction assembly corresponding
to the most stringent of requirements in any climate zone, or R-13.94 continuous insulation.

Table 89: Wall Construction

CZ2,10-16 cz1 Cz4a cz3 Cz5-9

JA4 U-factor | 0.170 0.196 0.227 0.278 0.440

Layer 1 4inMWCMU, 115 4inMWCMU, 4inMWCMU, 4inMWCMU, 8in NWCMU,
Ib/sf 115 Ib/sf 115 Ib/sf 115 Ib/sf 125 Ib/ft?,
4.3.6-B5 4.3.6-B5 4.3.6-B5 4.3.6-B5 partly grouted,

reinforced with
insulated cells

4.3.6-C10

Layer 2* 3” furring space 2.5” furring 2” furring 1.5” furring N/A

with R-21 space with R- space with R- space with R-9

insulation and 13 insulation 13 insulation insulation and

metal clips and metal clips | and metal clips = metal clips

4.3.14-V15 4.3.14-R13 4.3.14-N11 4.3.14-)9

(equiv R-4.8 c.i.) (equiv R-3.8 (equiv R-3.3 (equiv R-2.5

c.i.) c.i.) c.i.)

Layer 3 N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A
Layer n N/A N/A N/A N/A N/A

Source: California Energy Commission
Table 916166: Heavy Mass Wall (Heat Capacity >= 15 Btu/ft2-F)

CZ2,10-16 CzZ1 CZ4 CZ3 CZ5-9

JA4 U- 0.160 0.184 0.211 0.253 0.650 0.690
factor
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CZ2,10-16 cz1 Cz4a cz3 CzZ5-9
Layer 1 8in.NWCMU, | 8in.NW 8in. NW 8in. NW 8in NW 8in. NW
125 Ib/ft?, solid | CMU, 125 CMU, 125 CMU, 125 CMU, 125 CMU, 125
grout, Ib/ft?, solid Ib/ft?, solid Ib/ft?, solid Ib/ft?, solid Ib/ft?, solid
reinforced grout, grout, grout, grout, grout,
4.3.5-A10 reinforced reinforced reinforced reinforced reinforced
4.3.5-A10 4.3.5-A10 4.3.5-A10 4.3.5-A9 4.3.,5-A10
Layer 2* 3” furring space | 2.5” furring | 2” furring 1.5” furring N/A N/A
with R-21 space with space with space with
insulation and R-13 R-13 R-9
metal clips insulation insulation insulation
4.3.14-V15 and metal and metal and metal
(equiv R-4.8 c.i.) | clips clips clips
4.3.14-R13 4.3.14-N11 4.3.14-)9
(equiv R-3.8 | (equivR-3.3 | (equiv R-2.5
c.i.) c.i.) c.i.)
Layer 3 N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A N/A
Layer n N/A N/A N/A N/A N/A N/A
Source: California Energy Commission
Table 1031117: Metal Building Walls
Cz15 Cz 2,4,5,8,9,10-14,16 Cz1,3,6,7
JA4 U-factor 0.057 0.061 0.113

Layer 1

Layer 2*
Layer 3

Layern

JA4 U-factor
Layer 1

Layer 2*

R-13 batt insulation draped
over purlins and compressed

Second layer R-13 batt

insulation
N/A
N/A
N/A

Cz15
0.042

R-13 batt insulation
draped over purlins and

compressed

Second layer R-10 batt

insulation

N/A
N/A
N/A

Source: California Energy Commission
Table 11323128: Wood-Framed Walls

2x4, 16" o.c., with R-13

batt ins
R-14 continuo
insulation

us

CZ2,4,9-14,16
0.059

2x4, 16" o.c., with
R-11 batt ins

R-8 continuous
insulation

Cz4

0.102

2x4, 16” o.c.
R-13 batt ins
N/A

Source: California Energy Commission
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N/A
N/A
N/A
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N/A

with
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5.5.5 Exterior Floors

FLOOR NAME

Applicability: All floor surfaces.

Definition: A unique name or code that relates the exposed floor to the design documents.

Exposed floors include floors exposed to the outdoors and floors over unconditioned spaces, but do not
include slab-on-grade floors, below grade floors, or interior floors.

Units: Text.

Input Restrictions: Must be unique.

Standard Design: None.

Standard Design: Existing Buildings: None.

FLOOR TYPE

Applicability: All exterior floor surfaces, optional.

Definition: The category that defines the standard design prescriptive floor requirements.
Units: List: mass or other.

Input Restrictions:

Standard Design: The standard design building floors shall be of type “other”.
Standard Design: Existing Buildings: Same as proposed.

FLOOR GEOMETRY

Applicability: All exterior floors.

Definition: Floor geometry defines the position, orientation, azimuth, and tilt of the floor surface. The details
of how the coordinate system is implemented may vary between compliance software programs. The data
structure for surfaces is described in the reference section of this chapter.

Units: Data structure: surface.

Input Restrictions: As designed. Required input.

Standard Design: Standard design building floor geometry is identical to the proposed design.
Standard Design: Existing Buildings: Same as proposed.

Floor Construction

Applicability: All floors.
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Definition: A specification containing a series of layers that result in a construction assembly for the proposed
design. The first layer in the series represents the outside (or exterior) layer and the last layer represents the
inside (or interior) layer. See the building descriptors above for floor construction type.

Units: List: Layers.

Input Restrictions: The area weighted-average of the floor construction assembly U-factors, defined by a
series of layers, must be equal to or more efficient than the mandatory U-factor requirements of §Section
120.7 and §Section 160.1 of the Energy Code for newly constructed buildings, and §Section 141.0 and
§Section 180.2 of the Energy Code for alterations. Note that these U-factor requirements assume an exterior
air film of R-0.17 and an interior air film of R-0.92. Each layer specified must be listed in the materials
database in the ACM Appendix 5.5A.

Newly constructed buildings

Raised Mass Floors

e U-0.269
Other Floors
e U-0.071

Heated Slab Floors
e Climate Zone (see §Section 120.7 and §Section 160.1)

Additions and Alterations

Metal Building

e U-0.113

Metal Framed

e U-0.217

Wood Framed and Others

e U-0.110

Spandrel Panels / Glass Curtain Walls
e U-0.280

Appropriate R-values for insulation can be calculated using the formula below.

Ri‘nculnf'in-n = (1/UFaCt0r) — Rlnvp‘r/1\ — Rl ayver(2) — Rl ayver(3l) — Rl aver(n)
CAS CASR CASRCT) CASIAY

R; ion = R; . + R; .
—msuatm—msummm—msﬁmmzy
Floors that form the boundary between the modeled building of an addition and alteration project and the
existing, un-modeled portion of the building may be modeled as adiabatic floors (no heat transfer).

Standard Design: The U-factor required for floor construction is defined in Table 140.3-B, 140.3-C, 140.3-D, or
170.2-A of the Energy Code. Programs that model a U-factor shall use an exterior and interior air film
resistance. The standard design construction is based on JA4 Table 4.4.5 and assumes an exterior air film of R-
0.17 and an interior air film of R-0.92.

For metal framed floors, the standard design construction shall include the following layers:

Layer 1
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e Open Framing + No Ins.

e R-0.00

Layer 2

e Continuous Insulation

e R -—Based on Climate Zone

Layer 3

e Plywood—5/8 in.

e R-0.78

Layer 4

e Carpet and Pad —3/4 in.
e R-1.30

Standard Design: Existing Buildings: The value of the continuous insulation layer entirely above or below
framing shall be set to achieve the following R-values:

Nonresidential Buildings: Continuous Insulation

e C(Climate Zones 1

o R-17.66

e C(Climate Zones 2,11, and 14 -16
o R—-22.47

e C(Climate Zones3—-10, 12, and 13
o R-10.91

Multifamily Buildings and Hotel/Motel Guestrooms: Continuous Insulation

e C(Climate Zones 1, 2, 14, and 16
o R—-26.24

e C(Climate Zones3—-6,8—-13, and 15
o R—-22.47

e Climate Zones 7
o R-10.91

The standard design floor that serves as the boundary between the modeled additions and alterations
building and the existing, unmodeled portion of the building is modeled as an adiabatic floor, to match the
proposed design. The standard design floor construction for existing buildings depends on the floor type.

Raised-Fleors;, Floer Fype =Other(framed-floors)
;  CaliforniaE - .
Raised-Floors;, FloorType=Mass
- « CaliforniaE - e
5.5.6 Doors
DooRr NAME
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Applicability  All exterior doors, optional input.

Definition A unique name or code that relates the door to the design documents submitted. Doors that
are more than 50 percent glass are treated as windows and must be determined and entered by using the
Fenestration building descriptors.

Units: Text: unique.

Input Restrictions: None.

Standard Design: None.

Standard Design: Existing Buildings: None.
DoOOR TYPE

Applicability: All exterior doors, required input.

Definition: One of two door classifications of either: swinging or non-swinging. Non-swinging are generally
roll-up doors. The prescriptive U-factor requirements depend on door type and climate. This building
descriptor may be derived from other building descriptors, in which case a specific input is not necessary.

Units: List: swinging or non-swinging.

Input Restrictions: The door type shall be consistent with the type of door represented on the construction
documents or as-built drawings.

Standard Design: The standard design building door type shall be the same as the proposed design.
Standard Design: Existing Buildings: Same as newly constructed buildings.

DOOR GEOMETRY

Applicability: All exterior doors.

Definition: Door geometry defines the position and dimensions of the door surface relative to its parent wall
surface. The azimuth and tilt (if any) of the door is inherited from the parent surface. The position of the door
within the parent surface is specified through (X, Y) coordinates. The size is specified as a height and width
(all doors are generally assumed to be rectangular in shape). The details of how the geometry of doors is
specified may vary for each energy simulation program.

Units: Data structure: opening.

Input Restrictions: As designed.

Standard Design: Door geometry in the standard design building is identical to the proposed design.
Standard Design: Existing Buildings: Same as newly constructed buildings.

DOOR CONSTRUCTION

Applicability: All exterior doors.

Definition: The thermal transmittance of the door, including the frame.
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Units: Btu/h-ft?-°F.

Input Restrictions: The construction assembly must be equal to or more efficient than the mandatory U-factor
requirements of §Section 110.6 of the Energy Code for newly constructed buildings. There are no restrictions
for alterations.

Standard Design: For newly constructed buildings, the U-factor required for door construction is defined in
Table 140.3-B, 140.3-C, 140.3-D, or 170.2-A of the Energy Code.

e Nonresidential Buildings — U Factor:
o Non-Swinging Doors:
= (Climate Zones 1, and 16

e U-0.50
= (Climate Zones 2 — 15
e U-1.45

o Swinging Doors:
= (Climate Zones 1 -16
e U-0.70
e  Multifamily Buildings and Hotel/Motel Guestrooms — U Factor:
o Non-Swinging Doors:
= (Climate Zones 1, and 16

e U-0.50
=  (Climate Zones 2 — 15
e U-1.45

o Swinging Doors:

= (Climate Zones 1-16

e U-0.70
e Relocatable Public School Building (for all climate zones)

o Non-Swinging Doors:

= U-0.50
o Swinging Doors:

= U-0.70

Standard Design: Existing Buildings: For alterations, the U-factor in the standard design is either the same
standard design as the newly constructed buildings standard design if the door is replaced, or the equal to
the existing door construction, if the door is unaltered. Where applicable, selection shall be based on building
type, assembly, and climate zone.

OPERABLE DOOR OPENING TYPE
Applicability: All exterior doors.

Definition: The opening type that determines whether interlocks with mechanical cooling and heating are
required, as specified byper §Section 140.4(n) and §Section 170.2(c)4L. If manual, then interlocks are
required when operable windows are present in any nonresidential space, excluding multifamily and
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healthcare spaces and buildings. If self-closing or a glazed door, interlocks are not required and are not
present in the standard design.

Units  Btu/h-ft>-°F.
Input Restrictions: List: Self-Closing, Manual, Glazed Door.
Standard Design: Same as Proposed.

5.5.7 Fenestration

Note that fenestration includes windows, doors that have 25 percent or more glazed area, and skylights. A
skylight is fenestration that has a tilt of less than 60 degrees from horizontal.

FENESTRATION NAME
Applicability: All fenestration, optional input.

Definition: A unique name or code that relates the fenestration to the design documents and a parent
surface.

Units: Text: unique.

Input Restrictions: None.

Standard Design: None.

Standard Design: Existing Buildings: None.
FENESTRATION TYPE (VERTICAL FENESTRATION)
Applicability: All vertical fenestration.

Definition: This is a classification of vertical fenestration that determines the thermal performance and solar
performance requirement for vertical fenestration.

Units: List: Fixed, Operable, Curtain Wall, Glazed Doors.

Input Restrictions: As designed

Standard Design: Same as the proposed design

Standard Design: Existing Buildings: Same as newly constructed buildings
FENESTRATION TYPE (SKYLIGHTS)

Applicability: All skylights

Definition: This is a classification of skylights that determines the thermal performance and solar performance
requirement for vertical fenestration

Units  List: GlassCurb-mounted-Glass, Deck-mountedorPlaste:

e Glass, Curb-mounted

e Glass, Deck-mounted
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e Plastic, Curb-mounted

e Plastic, Deck-mounted

Input Restrictions: As designed

Standard Design: Same as the proposed design

Standard Design: Existing Buildings: Same as newly constructed buildings
DEFAULT FENESTRATION TYPE

Applicability: All fenestration that uses default thermal performance factors

Definition: This is a classification of fenestration that determines the thermal performance for fenestration
using defaults from the Energy Code §Section 110.6, Table 110.6-A. This is used for fenestration without
National Fenestration Rating Council (NFRC) ratings or for fenestration for altered buildings that includes
window films.

Units: List: fixed, operable, greenhouse/garden, doors, or skylight

Input Restrictions: As designed. The default value shall be fixed.

Standard Design: Not applicable

DEFAULT GLAZING TYPE

Applicability: All fenestration that uses default thermal performance factors

Definition: This is a classification of fenestration that determines the thermal performance for fenestration
using defaults from the Energy Code §Section 110.6, Table 110.6-A. This is used for fenestration without NFRC
ratings or for fenestration for altered buildings that includes window films.

Units: List: single pane, double pane, glass block

Input Restrictions: As designed. The default value shall be single-pane.

Glass block is only allowed if the default fenestration type is operable or fixed.
Standard Design: Not applicable.

DEFAULT FRAMING TYPE

Applicability: All fenestration that uses default thermal performance factors.

Definition: This is a classification of fenestration that determines the thermal performance for fenestration
using defaults from the Energy Code §Section 110.6, Table 110.6-A. This is used for fenestration without NFRC
ratings or for fenestration for altered buildings that includes window films. This is also used for skylight
products where the thermal performance is determined by the equations from the Reference Appendix NAG6.

Units: List: metal, metal with thermal break, or nonmetal.
Input Restrictions: As designed. The default value shall be metal.

Standard Design: Not applicable.
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DEFAULT DIVIDER TYPE
Applicability: All double-pane fenestration that uses default thermal performance factors.

Definition: This is a classification of fenestration that determines the thermal performance for fenestration
using defaults from the Energy Code §Section 110.6, Table 110.6-A. This is used for fenestration without NFRC
ratings or for fenestration for altered buildings that includes window films.

Units: List: no divider, true divided lite, divider between panes less than 7/16 inch, or divider between panes
greater than or equal to 7/16 inch.

Input Restrictions: As designed. The default value shall be no divider.
Standard Design: Not applicable.

DEFAULT TINT TYPE

Applicability: All fenestration that uses default thermal performance factors.

Definition: This is a classification of fenestration that determines the thermal performance for fenestration
using defaults from the Energy Code §Section 110.6, Table 110.6-B. This is used for fenestration without NFRC
ratings or for fenestration for altered buildings that includes window films.

Units: List: clear glazing, tinted glazing.

Input Restrictions: As designed. The default value shall be clear.

Standard Design: Not applicable.

DEFAULT OPERABLE CONFIGURATION

Applicability: All operable fenestration that uses default thermal performance factors.

Definition: This is a classification of fenestration that determines the visible transmittance (VT) for
fenestration using defaults from the Energy Code Appendix NA6. This is used for fenestration without NFRC
ratings, for fenestration for altered buildings that includes window films, or skylights.

Units: List: casement or awning, sliding.

Input Restrictions: As designed. The default value shall be sliding.
Standard Design: Not applicable.

FENESTRATION GEOMETRY

Applicability: All fenestration.

Definition: Fenestration geometry defines the position and dimensions of the fenestration surface within its
parent surface and the identification of the parent surface. The orientation and tilt are inherited from the
parent surface. The details of how the coordinate system is implemented may vary between compliance
software programs.

Display Perimeter:
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Display perimeter is the length of an exterior wall in a B-2 occupancy that immediately abuts a public
sidewalk, measured at the sidewalk level for each steryfloor that abuts a public sidewalk. The compliance
software shall allow the user to specify a value for the length of display perimeter, in feet, for each floor or
steryfloor of the building. The user entry for display perimeter shall have a default value of zero. Note: Any
non-zero input for display perimeter is an exceptional condition that shall be reported on the PRF-1
exceptional condition list and shall be reported on the ENV forms. The value for display perimeter is used as
an alternate means of establishing maximum wall fenestration area in the standard design (§Section 140.3 of
the Energy Code).

The display perimeter shall be calculated separately for west-facing fenestration, and for non-west facing
fenestration.

Floor Number:

The compliance software shall also allow the user to specify the display perimeter associated with each floor
{stery) of the building.

Units: Data structure: opening
Geometry is defined relative to the parent surface and can include setbacks.
Inputs include:

Geometry of opening (window or skylight), parent surface, display perimeter (optional), percent of roof area
exemptfrom-that is not required to meet the skylight requirements in §Section 140.3(a)6A of the Energy
Code.

Input Restrictions: As designed
Specification of the fenestration position within its parent surface is required for the following conditions:

e Exterior shading is modeled from buildings, vegetation, or other objects; or
e If daylighting is modeled within the adjacent space.

Standard Design: The standard design calculates the window wall ratio (WWR) for each orientation and the
overall window wall ratio for the building. The window wall ratio is the total fenestration area (including
framing) divided by the gross exterior wall area (excluding wall area that is underground). Note that exterior
wall area that is below grade, but has exposure to ambient conditions, and any associated fenestration, is
included in the WWR calculation.

The standard design vertical fenestration area and horizontal fenestration area for spaces that are specified as
computer rooms or data centers (with an ITE equipment power density greater than 20 W/ft>serverprocess

load-of 20W//H?-or-higher) shall be zero.

For all other buildings, the geometry of the fenestration in the standard design shall be identical to the
proposed design with the following exceptions:

Exception 1: Either the whole building window wall ratio or west window wall ratio exceeds 40 percent.

Exception 2: If display perimeter is entered, the fenestration area exceeds the greater of 40 percent of the
gross wall area (excluding adiabatic walls) and six times the display perimeter.
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Exception 1: The fenestration is adjusted based on the following conditions:
Case 1. WWR, > 0.40, WWRy, £0.40

In this case, the fenestration area of all windows is reduced by multiplying the fenestration area by the ratio
0.40/WWR,. The dimensions of each window are reduced by increasing the sill height so that the window
height is modified by the multiplier (0.40/WWRo) so that the same window width is maintained.

Case 2: WWR, <0.40. WWR,, > 0.40

In this case, the fenestration area of all windows on the west orientation is reduced by multiplying the
fenestration area by the ratio 0.40/WWRo. The dimensions of each window are reduced by multiplying the
proposed window dimension by increasing the sill height so that the window height is modified by the
multiplier (0.40/WWRo), so that the window width is maintained.

Case 3: WWR, > 0.40. WWR,, > 0.40

If both the west window wall ratio and the overall window wall ratio exceed the prescriptive limit of 0.40, the
fenestration areas must be reduced by:

Adjust the west window area multiplying the west window area by the ratio 0.4/WWR,,.
Calculate the WWR of the north, east and south facades:
WWRpes = Window Areanes / Gross Wall Areanes
Adjust the window area of the windows on the north, east and south facades by the following ratio:
WindowAreants = WindowArean,prop X 0.4 / WWRnes
WindowAreag sts = WindowAreag prop X 0.4 / WWRpes
WindowAreassts = WindowAreas prop X 0.4 / WWRpes

Adjust each window geometry for the west facade by multiplying the window height by (0.4/WWRy)
by adjusting the sill height and by maintaining the same window width.

Adjust each window geometry for the north, east and south facade by multiplying the window height
by (0.4/WWRnes) by adjusting the sill height and by maintaining the same window width.

Exception 2: If the display perimeter is entered and the window area exceeds the prescriptive limit, the
window area for the standard design is calculated by multiplying the proposed window area by the following
ratio:

WindowAreasq = 6 X DisplayPerimeter

The geometry of each window is modified by the following, and by modifying the sill height but not the head
height position relative to the floor:

WindowHeightss = WindowHeightprop X (WindowAreass/WindowAreaprop)
WindowWidthstg = WindowWidthgrop

The following rules apply for calculating geometry of skylights. For the calculation of the standard design
skylight area, the gross roof area is defined as the total roof area, including skylights, that is directly over
conditioned space.
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The skylight area of the standard design is set:

e For buildings without atria or with atria having a height less than 55 feet over conditioned space, the
smaller of the proposed skylight area and 5 percent of

e -the gross roof area that is over conditioned space.

e fFor buildings with atria at a height of 55 ft or greater over conditioned spaces, the smaller of the
proposed skylight area and 10 percent of the gross roof area that is over conditioned space.

e fFor buildings with atria or other roof area directly over unconditioned spaces, the smaller of the
proposed skylight area or 5 percent of the roof area excluding the atria area and excluding any
adiabatic walls, if present in the modeled building. The skylight area of the atria or roof area directly
over unconditioned space is not included in the skylight area limit in this case.e

The skylight area for atria over unconditioned space is not included in determining the skylight to roof ratio
(SRR) for the building.

eDepending on the following condition, adjustments to the SRR as described shall be made.

e {For open spaces other than auditoriums, churches, movie theaters, museums and refrigerated
warehouses, for buildings in climate zones 2 through 15, and when spaces have ceiling heights
greater than 15 ft and floor areas greater than 5000 ft?, the skylight area shall be the greater of 3
percent or the area required to provide daylight coverage through skylights or primary side lighting to
75 percent of the floor area in the space. See 5.4.5 Daylighting Control for detail description on
primary daylit area and skylit daylit area.

e fIf the above condition is met and SRR < 0.05, no adjustments are needed.

e fIf the condition is met and SRR > 0.05, skylight dimensions = Existing Dimension x [1- V (0.05/SRR of
Proposed Building)]

e fIf the condition is not met triggering the need for additional skylights, the standard design case shall
be modeled with new skylights irrespective of the skylight location of the proposed case. The new
skylights shall be distributed uniformly such that there is no overlapping of primary daylit areas from
skylights or sidelights. The dimension of the new skylights shall be the same as the proposed design if
calculated new SRR < 0.05. If SRR > 0.05, skylight dimensions = existing dimension x [1- V (0.05/SRRfof
proposed building)].

fNote that the adjustments to SRR are done after adjustments to WWR if any are completed.

For compliance software that cannot make the adjustments described above, the compliance software should
enforce the proposed design to provide daylight coverage using skylights or primary side lighting to 75
percent of the space floor area.

Standard Design: Existing Buildings: For alterations of existing vertical fenestration or skylights, where no
fenestration area is added, the fenestration geometry of the standard design shall be the same as the
proposed for the existing building.

For additions of vertical fenestration or skylights, where the additional fenestration causes the fenestration
area to exceed the limit of 40 percent window to wall ratio (WWR) for the building, 40 percent WWR for the
west orientation of the building, 5 percent skylight to roof ratio (SRR) for existing buildings without atria 55
feet or higher, or 10 percent SRR for existing buildings with atria 55 feet or higher, the fenestration geometry
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for the standard design shall be adjusted from the proposed design according to the rules set forth under the
standard design rules.

For additions of vertical fenestration and/or skylights, where the existing fenestration already exceeds any of
these limits, the new fenestration shall be removed.

For additions of vertical fenestration and/or skylights that do not cause the fenestration area to exceed any of
these limits, the fenestration geometry of the standard design shall be the same as the proposed design.

SKYLIGHT REQUIREMENT EXCEPTION FRACTION
Applicability: All buildings with interior ceiling heights greater than 15 feet.

Definition: The fraction of floor area that is exemptfremnot required to meet the minimum skylight area
requirement for spaces with high ceilings.

Identifying areas subject to §Section 140.3 of the Energy Code:

When a proposed space has ceiling heights greater than 15 ft, with exterior surfaces having a tilt angle less
than 60 degrees (roofs) and no more than three steriesfloors above grade, the user shall enter the fraction of
the modeled space that is exemptfremnot required to meet the requirements of §Section 140.3 of the
Energy Code. If the proposed design has skylights, the user shall also indicate the area of the proposed design
daylight area under skylights in this space. When the user enters a value greater than zero percent for the
fraction of the space area exempt-that is not required to meet §Section 140.3 of the Energy Code, the
compliance software shall require that the user indicate at least one of the following exceptions:

e The building is not located in climate zone 1 or climate zone 16

e Designed general lighting is less than 0.5 W/ft?

e Existing walls on plans result in enclosed spaces less than 5,000 ft?

e Future walls or ceilings on plans result in enclosed spaces less than 5,000 ft? or ceiling heights less
than 15 ft

e Plans or documents show that space is an auditorium, religious building of worship, movie theater,
museum, or refrigerated warehouses

Units: Unitless fraction of area.

Input Restrictions: Must be in the range of 0 to 1 and should match the as-built drawings.
Standard Design: Same as the proposed design.

Standard Design: Existing Buildings: Not applicable.

FENESTRATION CONSTRUCTION

Applicability: All fenestration.

Definition: A collection of values that together describe the performance of a fenestration system.

The values that are used to specify the criteria are U-factor, SHGC, and VT. U-factor and SHGC inputs are
whole-window values.
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Units: Data structure: shall include at a minimum the following properties as specified by NFRC ratings:
U-factor: whole window U-factor (Btu/h ft2 °F).

SHGC: whole window solar heat gain coefficient (unitless).

VT: visible transmittance (unitless).

Input Restrictions: For newly constructed buildings, performance information for fenestration shall be
obtained from NFRC test results or shall be developed from procedures outlined in §Section 110.6 of the
Energy Code, as specified below. Values entered shall be consistent with the specifications and the
construction documents.

For manufactured products:

e U-factor, SHGC, and VT shall be equivalent to NFRC rated values.
For products not rated by NFRC, U-factor, SHGC and VT shall be determined from CEC default tables (110.6 A
and B).
For site-built products:

e U-factor, SHGC, and VT shall be equivalent to NFRC rated values.

e For products not rated by NFRC, up to 200 ft2 of skylight area ard-or alteration te-vertical
fenestrationof any area in a skylight product may use center of glass properties and Reference
Appendix NA6 equations to calculate U-factor, SHGC, and VT. Any site-built fenestration in excess of
200 ft> must use the default values in Table 110.6-A and 110.6-B.

For buildings with fenestration area that meets requirements for use of center-of-glass U-factor and SHGC,
the fenestration overall U-factor, SHGC, and VT shall be determined by the following equations from the
Reference Appendix NA6:

UT=C1+(C2- Uc)

SHGCT = 0.08 + (0.86 - SHGCc)
VTT =VTF - VTC

Where:

UT - U-factor is the total performance of the fenestration including glass and frame
C1 - Coefficient selected from Table NA6-5 in Reference Appendix NA6

C2 - Coefficient selected from Table NA6-5 in Reference Appendix NA6

UC - Center of glass U-factor calculated in accordance with NFRC 100 Section 4.5.3.1

SHGCT - Total SHGC performance including glass and frame SHGCC = Center of glass SHGC calculated
in accordance with NFRC 200 Section 4.5.1.1

VTT - Is the total performance of the fenestration including glass and frame
VTF - 0.53 for projecting windows, such as casement and awning windows
VTF - 0.67 for operable or sliding windows

VTF - 0.77 for fixed or non-operable windows
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VTF - 0.88 for curtain wall/storefront, site-built and manufactured non-curb mounted skylights
VTF - 1.0 for curb mounted manufactured skylights

VTC - Center of glass VT is calculated in accordance with NFRC 200 Section 4.5.1.1 or NFRC 202 for
Translucent Products or NFRC 203 for Tubular Daylighting Devices and Hybrid Tubular Daylighting
Devices or ASTM E972

For vertical fenestration the area weighted-average U-factors, must be equal to or more efficient than the
mandatory U-factor requirements of §Section 120.7 of the Energy code for newly constructed buildings. The
area weighted-average of the construction assembly U-factors, must be equal to or more efficient than the
mandatory U-factor requirements of §Section 141.0(b)E of the Energy Code for altered buildings.

New-ConstructionNewly Constructed Buildings

u-0.47

Additions and Alterations

U-0.58

For skylights, the default values shall be the alternate default U-factor and SHGC using default calculations
specified above and in Reference Appendix NA6 or the U-factor and SHGC listed in Table 110.6-A and Table
110.6-B in the Energy Code.

Standard Design: For newly constructed buildings, the requirements for vertical fenestration U factor, SHGC,
and visible light transmission by window or skylight type and framing type are specified in Table 140.3-B, C, or
D of the Energy Code. For plastic skylights, SHGC of 0.50 is assumed.

Standard Design: Existing Buildings: The U-factor, SHGC, and VT in the standard design shall be modeled as
design if unchanged, as the values stated in Table 141.0-A of the Energy Code when the existing window area
is unchanged (different than the newly constructed buildings performance requirement), or Table 140.3-B, C,
or D of the Energy Code for all other cases.

The standard design does not include window films.
EXTERNAL SHADING DEVICES
Applicability: All fenestration.

Definition: Devices or building features that are documented in the construction documents and shade the
glazing, such as overhangs, fins, shading screens, and setbacks of windows from the exterior face of the wall.

The Title 24 compliance software shall be capable of modeling vertical fins, horizontal slats, and overhangs.
Recessed windows may also be modeled with side fins, horizontal slats, and overhangs.

Units: Data structure: surface.
Input Restrictions: No restrictions other than that the inputs must match the construction documents.
Standard Design: The standard design building is modeled without external shading devices.

Standard Design: Existing Buildings: No shading devices.

154



20252 ACM Reference Manual Building Envelope Data

INTERNAL SHADING DEVICES
Applicability: All fenestration.

Definition: Curtains, blinds, louvers, or other devices that are applied on the room side of the glazing
material.

Glazing systems that use blinds between the glazing layers are also considered internal shading devices. Glass
coatings, components, or treatments of the glazing materials are addressed through the fenestration
construction building descriptor.

Units: Not applicable — not modeled for compliance.

Input Restrictions: Not applicable —interior shading is not modeled for compliance.
Standard Design: Not applicable — interior shading is not modeled for compliance.
Standard Design: Existing Buildings: No interior shades.

DYNAMIC GLAZING PRESENT

Applicability: All fenestration that has dynamic glazing.

Definition: This is a flag used for reporting purposes only. Dynamic glazing is not modeled directly in
compliance software.

Units: Boolean.
Input Restrictions: None.
Standard Design: False (not present).

Standard Design: Existing Buildings: Not Applicable.

5.5.8 Below-Grade Walls

BELOW-GRADE WALL NAME

Applicability: All projects, optional input.

Definition: A unique name that keys the below-grade wall to the construction documents.
Units: Text: unique.

Input Restrictions: None.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Same as proposed.

BELOW-GRADE WALL GEOMETRY

Applicability: All projects.
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Definition: A geometric construct that describes the dimensions and placement of walls located below grade.
Below-grade walls have soil or crushed rock on one side and interior space on the other side. Some
simulation models take the depth below grade into account when estimating heat transfer so the geometry
may include height and width.

Units: Data structure: below-grade wall geometry.
Input Restrictions: As designed.

Standard Design: The geometry of below-grade walls in the standard design building is identical to the below-
grade walls in the proposed design.

Standard Design: Existing Buildings: Same as proposed.
BELOW-GRADE WALL CONSTRUCTION
Applicability: All projects, required input.

Definition: A specification containing a series of layers that result in a construction assembly for the proposed
design. The first layer in the series represents the outside (or exterior) layer and the last layer represents the
inside (or interior) layer. See the building descriptors above for below-grade wall construction type.

Units: Data structure: construction assembly.

The construction can be described as a C-factor which is similar to a U-factor, except that the outside air film
is excluded, or the construction can be represented as a series of layers, like exterior constructions.

Input Restrictions: The construction assembly, defined by a series of layers, must be equal to or more efficient
than the mandatory R-value and C-factor requirements of §Section 120.7 of the Energy Code for newly
constructed buildings, and §Section 141.0 of the Energy Code for alterations. Note that these requirements
only apply when the slab floor connected to the below-grade wall is heated.

For newly constructed buildings, the inputs shall agree with the construction documents. Values for the C-
factor shall be taken from Table 4.3.5, 4.3.6, or 4.3.7 of Reference Appendices, Joint Appendix JA4.

For alterations there are no restrictions.

Standard Design: For newly constructed bwldmgs see Iable—l—Z—TabIe 13: Standard Design Buildin Below—
w b g

standard design bwldmg shall use default values for C-factor. The height shall be the same as specified in the
proposed design.

For below-grade walls, the standard design construction shall include the layers described in Appendix 5.7
and in the table below.

For alterations, the C-factor in the standard design shall be modeled as the more efficient of either the
existing conditions, or the values stated above for newly constructed buildings standard design.

For below-grade walls, the alteration standard design assembly shall include the appropriate existing layers.

Standard Design: Existing Buildings: Same as proposed.
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TFable12109:Table 13: Standard Design Building Below-Grade Wall Construction

Construction

NR

R-7.5 c.i.

R-10 c.i.

R-12.5 c.i.

Layer

115 Ib./ft3
CMU, solid
grout

115 Ib./ft3
CMU, solid
grout

R-10
continuous
insulation

Total
assembly

115 Ib./ft3
CMU, solid
grout

R-10
continuous
insulation

Total
assembly

115 Ib./ft3
CMU, solid
grout

R-10
continuous
insulation

Total
assembly

Thickness
(inch)

1.8

2.4

3.0

Assemblies

Conductivity
(Btu/h ft°F)

0.45

0.45

0.02

0.45

0.02

0.45

0.02

Density
(Ib./t?)

115

115

1.8

115

1.8

115

1.8

Source: California Energy Commission
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Specific Heat
(Btu/Ib°F)

0.20

0.20

0.29

0.20

0.29

0.20

0.29

R-value
(ft2-°F
-h/Btu)

0.87

0.87

7.50

8.37

0.87

10.00

10.87

0.87

12.50

13.37

C-factor
(Btu/ft?-°F -h)

1.140

0.119

0.092

0.075
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5.5.9 Slab Floors in Contact with Ground

These building descriptors apply to slab-on-grade or below-grade floors that are in direct contact with the
ground.

SLAB FLOOR NAME

Applicability: All slab floors, optional.

Definition: A unique name or code that relates the exposed floor to the construction documents.
Units: Text: unique.

Input Restrictions: None.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Not applicable.

SLAB FLOOR TYPE

Applicability: All slab floors, required.

Definition: One of two types and two subtypes of floors in contact with ground:

1) Heated slab-on-grade floors,
2) Unheated slab-on-grade floors
3) Heated below-grade floors

4) Unheated below-grade floors.

Heated slab-on-grade floors include all floors that are heated directly in order to provide heating to the space.
Unheated slab-on-grade floors are all other floors in contact with ground.

Units: List: restricted to the four selections listed above.
Input Restrictions: None.

Standard Design: The slab for type is unheated (either unheated slab-on-grade for slab-on-grade floors or
unheated below-grade for below-grade floors).

Standard Design: Existing Buildings: Same as proposed.

SLAB FLOOR GEOMETRY

Applicability: All slab floors, required.

Definition: A geometric construct representing a slab floor in contact with the earth.

The geometric representation can vary depending on how the energy simulation compliance software models
slabs-on-grade. Some models require that only the perimeter of the slab be entered. Other models divide the
slab into a perimeter band within 2 ft of the edge and the interior portion or core area, such that the
perimeter area and the core area sum to the total area of the slab.

Units: Data structure: surface.
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This may include area, perimeter exposed.
Input Restrictions: None.

Standard Design: The geometry of the slab floor in the standard design building is identical to the slab floor in
the proposed design.

Standard Design: Existing Buildings: Same as proposed.
SLAB FLOOR CONSTRUCTION
Applicability: All slab floors, required.

Definition: A specification containing a series of layers that result in a construction assembly for the proposed
design.

The first layer in the series represents the outside (or exterior) layer and the last layer represents the inside
(or interior) layer. See the building descriptors above for slab floor construction type.

A description of how the slab is insulated (or not)

How the construction is described will depend on the energy simulation model. The construction can be
represented by an F-factor that represents the entire construction (floor and insulation).

Simple models may include just an F-factor, representing an instantaneous heat loss/gain to outside air. The F-
factor could be related to the configuration of insulation in the proposed design. Other slab loss models may
require that the surface area of the slab floor be divided between the perimeter and the interior. The
insulation conditions then define heat transfer between both outside air and ground temperature.

The insulation condition for slabs includes the R-value of the insulation and the distance it extends into the
earth at the slab edge and how far it extends underneath the slab.

Units: F-factor from Reference Appendices, Joint Appendix JA4; this is one selection from list 1 and one
selection from list 2. Note that some combinations from list 1 and list 2 are not allowed, see Reference
Appendices, Joint Appendix JA4 Table 4.4.8 and Table 4.4.7 for details.

List 1:

e None/ 12 in vertical

e 12 in horizontal / 24 in vertical

e 24 in horizontal / 36 in vertical

e 36in horizontal / 48 in vertical

e 48 in horizontal / Fully insulated slab

e R-0/R-20/R-45

e R-5/R-25/R-50
e R-7.5/R-30/R-55
e R-10/R-35

e R-15/R-40
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The compliance software shall also provide the following slab insulation options:

e Horizontal+Vertical, R-5 vertical down to the horizontal insulation and R-5 horizontal insulation extending
4 feet inwards from the perimeter

e Horizontal+Vertical, R-10 vertical down to the horizontal insulation and R-7 horizontal insulation
extending 4 feet inwards from the perimeter

These two combinations of slab insulation are mapped to an F-factor in Appendix 5.4B.
Input Restrictions: The construction assembly, defined by an F-factor, must be equal to or more efficient than

the mandatory F-factor requirements of §Section 120.7 of the Energy Code for newly constructed buildings,
and §Section 141.0 of the Energy Code for alterations.

For newly constructed buildings, F-factors shall be taken from Table 4.4.8 of Reference Appendices, Joint
Appendix JA4 for heated slab floors and Table 4.4.7 for unheated slab floors. For all methods, inputs shall be
consistent with the construction documents. For heated slab floors, the F-factor shall be determined by the
mandatory R-value and installation requirements in §Section 110.8 of the Energy Code. That information is
used in Table 4.4.8 of Reference Appendices, Joint Appendix JA4 to determine the required F-factor. The same
requirements apply for alterations.

Standard Design: Slab loss shall be modeled with the simple method (F-factor).
The standard design construction shall include the following layer:

Layer 1: Concrete 140Ib/ft*— 6 in. (R - 0.44)

The standard design shall include no insulation, equivalent to an F-factor of 0.73.

For alterations, the F-factor in the standard design shall be modeled as the more efficient of either the
existing conditions, or the values stated above for newly constructed buildings standard design.

Standard Design: Existing Buildings: Same as proposed.

5.5.10 Heat Transfer between Thermal zones

PARTITION NAME

Applicability: All partitions, optional.

Definition: A unique name or code that relates the partition to the construction documents.
Units: Text: unique.

Input Restrictions: The text should provide a key to the construction documents.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Not applicable.

PARTITION GEOMETRY

Applicability: All partitions.
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Definition: A geometric construct that defines the position and size of partitions that separate one thermal
zone from another.

The construct shall identify the thermal zones on each side of the partition. Since solar gains are not generally
significant for interior partitions, the geometry of partitions is sometimes specified as an area along with
identification of the thermal zones on each side.

Units: Data structure: surface with additional information identifying the two thermal zones that the partition
separates.

Input Restrictions: No restrictions other than agreement with the construction documents.

Standard Design: The geometry of partitions in the standard design building shall be identical to the proposed
design.

Standard Design: Existing Buildings: Same as proposed.

PARTITION CONSTRUCTION

Applicability: All partitions.

Definition: A description of the construction assembly for the partition.
Units: Data structure: construction assembly.

Input Restrictions: As designed.

Standard Design: Partitions in the standard design shall be steel framed walls with 5/8-inch gypsum board on
each side. For walls, partitions in the standard design building shall be steel-framed walls with 5/8-inch
gypsum board on each side. For interior floors and ceilings, standard design construction shall be a metal
deck, 4 inches of heavyweight (140 lb./ft?) concrete, and 3/4” thick carpet.

Standard Design: Existing Buildings: Same as proposed.

DEMISING PARTITION CONSTRUCTION

Applicability: All demising walls and demising partitions (ceilings, floors) that separate conditioned spaces
from unconditioned spaces.

Definition: A description of the construction assembly for the partition.
Units: Data structure: construction assembly.
Input Restrictions: As designed.

Standard Design: For walls, when the proposed design demising partition is metal-framed or other, the
standard design shall be a metal-framed wall meeting the mandatory U-factor requirements of §Section
120.7 (b) of the Energy Code.

For walls, when the proposed design demising partition is wood-framed, the standard design shall be a wood-
framed wall with the opaque portions of the wall meeting the mandatory U-factor requirements of §Section
120.7 (b) of the Energy Code.
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For windows in demising walls, the fenestration area shall equal the fenestration area of the proposed design.
The window U-factor for fenestration in demising walls shall equal the fixed window prescriptive U-factor
requirement of 5.5.7. Neither solar heat gain nor daylighting through interior demising windows will be
modeled.

Demising ceiling partitions, separating conditioned space from unconditioned space and attics, shall be
insulated to the same levels as exterior roofs in Chapter 5.5.3 Roofs. Demising floor partitions shall be
insulated to the same levels as exterior floors in Chapter 5.5.5 Exterior Floors.

Standard Design: Existing Buildings: Demising ceiling partitions, separating conditioned space from
unconditioned space and attics shall be insulated to the same levels as exterior roofs in Chapter 5.5.3 Roofs.
Demising floor partitions shall be insulated to the same levels as exterior floors in Chapter 5.5.5 Exterior
Floors.

5.5.11 Simplified Geometry Simulation Option

The compliance software may have an option to model a building with simplified two-dimensional (2D)
geometry. This is an optional capability as an alternative to modeling the three-dimensional (3D) geometry of
a building. If the compliance software only provides a 2D building model, the following features cannot be
modeled:

e Daylighting controls and dimming
e Exterior shading or self-shading

All mandatory and prescriptive daylight controls must be present when submitting a compliance project using
compliance software that only models a building with 2D geometry.

The compliance software must pass all reference method tests corresponding to 2D geometry to meet
certification requirements as compliance software. Consult Appendix 3B of the ACM Reference Manual for
additional information. The compliance software must pass the rule set implementation tests, and for the
sensitivity tests that verify simulation accuracy, there are 2D tests specified for building envelope, but for
other building components such as lighting and HVAC, the compliance software is compared against the
results of the reference method, which uses a 3D geometry model.

The compliance software must have sufficient information to specify each exterior surface when modeling a
building with 2D geometry. At a minimum, building surface azimuth, elevation, and area are required and the
tilt, azimuth and area is specified for roof components. The model must use only vertical walls for the
analysis. The model follows all other ACM requirements for space and zone definitions, lighting, and HVAC
specifications, and follows the same rules for the standard design and proposed design constraints.

The model also requires the following explicit inputs from the user:

e Total Building Stery-Floor Count — the total number of steriesfloors
e Total Above Grade Steries-Floors — the total number of steries-floors above grade, used in
determination of multifamily classification
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5.6 HVAC Zone Level Systems

This group of building descriptors relate to HVAC systems at the zone level. There is not a one-to-one
relationship between HVAC components in the proposed design and the standard design since the standard
design system is determined from building type, and size;and-heatingseuree. The applicability of each
building descriptor for each of the standard design systems is indicated in tables under the building descriptor
standard design rules. Additions and alterations should follow the same requirements stated for newly
constructed buildings proposed designs and newly constructed buildings standard designs unless otherwise
noted in the descriptor.

5.6.2 General System Information

COUNT

Applicability: HVAC zone level systemsVRE.

Definition: The number of duplicate systems represented by the current system. All system attributes must be
identical for multiple system assignment.
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Units: None.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. For all other cases, not applicable.

DESIGN SuPPLY AIR TEMPERATURE (COOLING)

Applicability: HVAC zone level systems.

Definition: Design SAT in cooling for the zone.

Units: Deg F.

Input Restrictions: As Designed.

Standard Design: For healthcare facilities, same as the Proposed Design.FeeMREwith-DOAS S5 For all
other cases, not applicable.

DESIGN SuPPLY AIR TEMPERATURE (HEATING)

Applicability: HVAC zone level systems.

Definition: Design SAT in heating for the zone.

Units: Deg F.

Input Restrictions: As Designed.

Standard Design: For healthcare facilities, same as the Proposed Design.FeeMREwith-DOAS OG5 °F For all
other cases, not applicable.

NET CoOLING CAPACITY

Applicability: HVAC zone level systems.

Definition: Net cooling capacity of the zone system (one system if count>1), which includes all cooling to the
zone but excludes any fan motor heat.

Units: Btu/h.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design with adjustment to account for
Standard Design fan heat. FerMREwith-DOASsute-sized-by-compliancesefoware=For all other cases, not
applicable.

NET HEATING CAPACITY

Applicability: HVAC zone level systems.

Definition: Net heating capacity of the zone system (one system if count>1), which includes all cooling to the
zone but excludes any fan motor heat.

Units: Btu/h.
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Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design with adjustment to account for
Standard Design fan heat. FerMREwith-DOAS auto-sized-by-compliance-sefiware—For all other cases, not

applicable.

SuppLY FAN CAPACITY FOR COOLING

Applicability: HVAC zone level systems.

Definition: The supply fan flow rate when the zone requires cooling.

Units: cfm (for each mode).

Input Restrictions: Not applicable. The cooling airflow is set to be the same as the system design airflow.

Standard Design: For healthcare facilities, same as the Proposed Design. £s

sompliance-soffware—For all other cases, not applicable.

SuppLY FAN CAPACITY FOR HEATING

Applicability: HVAC zone level systems.

Definition: The supply fan flow rate when the zone requires heating.

Units: cfm (for each mode).

Input Restrictions: Not applicable. The heating airflow is set to be the same as the system design airflow.

Standard Design: For healthcare facilities, same as the Proposed Design. &

compliance-soffware—For all other cases, not applicable.

SuppLY TEMP CONTROL

Applicability: HVAC zone level systems.

Definition: The method of controlling the system supply air temperature.

Units: List (Constant, reset by outside air, reset by demand).

Input Restrictions: No Supply Air Temperature Control.

Standard Design: EeeNREwith-DOAS—,NO supply air temperature control.

5.6.3 Terminal Device Data

TERMINAL TYPE
Applicability: All thermal zones.

Definition: A terminal unit includes any device serving a zone (or group of zones collected in a thermal zone)
that can vary airflewairflow or reheat or recool or all three in response to the zone thermostat. This includes:

e None or Uncontrolled (applicable for single zone systems only)
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e VAV reheat box

e VAV no-reheat box

e Series fan powered VAV box (with reheat)

e Parallel fan powered VAV box (with reheat)

e Dual duct mixing box (constant volume and VAV)
e Four--pipe fan-eeilVAV box

—\RFndeerUnit

e Active Beam

Units: List (see above).

Input Restrictions: As designed.

am N and A nd-6-{bui N A =) A ahe boxe See

Standard Design: M ged- VAV VINY LA .
Chapter 5.1.32 HVAC System Map for a summary ef-the-HVAC-appingsystem types and terminal types used.

All single-zone systems are assumed to use None or Uncontrolled.

For healthcare facilities, same as the Proposed Design.

Standard Design: Existing Buildings: Same as proposed design. fFor unaltered components; same as newly
constructed buildings rules for new secondary systems or terminal units.

5.6.4 Terminal Heating

This group of building descriptors applies to proposed design systems that have reheat coils at the zone level.
The building descriptors are applicable for standard design systems 5 and 6.

TERMINAL HEAT TYPE

Applicability: Systems that have reheat-heating coils atthe-zonelevelin the zone terminal unit.

Definition: The heating source for the terminal unit. This includes:

e Electric resistance
e Gas furnace

o Oil-furnace

e Hot water

o Steam

Units: List (see above).

Input Restrictions: For healthcare facilities electric resistance terminal heating is not allowed. For all others,

Aas designed.

Standard Design: Hot water, when applicable-ferterminal-units-with-reheatcoils.

For healthcare facilities, same as the Proposed Design_except electric resistance is not allowed.
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TERMINAL HEAT CAPACITY

Applicability: Systems that have heating coils in the zone terminal unit.Systems-that-havereheatecoilsatthe
zonelevel

Definition: The heating capacity of the terminal heating source.
Units: Btu/h.
Input Restrictions: As designed.

Standard Design: The compliance software shall automatically size the terminal heating gross capacity to be
25 percent greater than the design loads.

For healthcare facilities, same as the Proposed Design.
REHEAT DELTA T (AT cpcar)

Applicability: Systems that have heating coils in the zone terminal unit.Systems-that-havereheat-coilsatthe
zonelevel.

Definition: This is an alternate method to enter the terminal heat capacity, which can be calculated as follows:

ATrenear = Treneat — Teool supply
AT oneqr = Qc0u/1.09 X CFM
Where:
® AT, cheqs - Heat rise across the terminal unit heating coil F)
® T,.peaq: - Heating air temperature at design (F)
® T oot supply - SUpPPly air temperature at the heating coil (F)

o Q_,i1 - Heating coil load (Btu/h)
e CFM - Airflow (ft3/min)

Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed but may need to be increased if zone unmet load hours are greater than 150.

Standard Design: Method not used for standard design. Fhetemperature-difference-shal-be-no-meore-than

For healthcare facilities, same as the Proposed Design.

5.6.5 Terminal Cooling

This group of building descriptors applies to proposed design systems that have recool coils -at the zone level.

The building descriptors are applicable for standard design systems 14 and 15.

TERMINAL COOLINGHEAT TYPE

Applicability: Systems that have heating coils in the zone terminal unit.Systems-that-haverecoolcoilsatthe
zonelevel

Definition: The heatingcooling source for the terminal unit. This includes:
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e Chilled Water

Units: List (see above).

Input Restrictions: As designed.

Standard Design: Chilled water, when applicable-forterminalunits-with-recoolcoils.

For healthcare facilities, same as the Proposed Design.

TERMINAL HEAFCOOLING CAPACITY

Applicability: Systems that have heating coils in the zone terminal unit.Systems-that-haverecoolcoilsatthe
zonelevel:

Definition: The Cooling capacity of the terminal heating source.

Units: Btu/h.

Input Restrictions: As designed.

Standard Design: The compliance software shall automatically size the terminal Cooling gross capacity to be
15 percent greater than the design loads.

For healthcare facilities, same as the Proposed Design.

5.6.6 Baseboard Heat

BASEBOARD CAPACITY

Applicability: All thermal zones.

Definition: Total heating capacity of the baseboard unit(s).
Units: Btu/h.

Input Restrictions: As designed.

Standard Design: Not applicable.

BASEBOARD HEAT CONTROL

Applicability: All thermal zones with baseboard heating.

Definition: Defines the control scheme of base board heating as controlled by a space thermostat.
Units: List (fixed as By Space Thermostat).

Input Restrictions: Controlled by space thermostat is the only type allowed if baseboard heating is used.

Standard Design: Not applicable.

BASEBOARD HEAT SOURCE
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Applicability: All thermal zones with furnaces or baseboard heating at the zone.
Definition: Heating source.
Units: List

e Electric heat
e Gas furnace
e Hot water

Input Restrictions: Electric resistance baseboard shall not be used for healthcare facilities space heating
unless it meets one of the exceptions to Section 140.4(g) in the Energy Code.

Standard Design: Not applicable, except for healthcare facilities, same as the Proposed Design.

5.6.7 Variable Refrigerant Flow (VRF) Zone Systems (Indoor Units)

The following inputs are required when zone systems are connected to a VRF system (condensing unit).
ACCEPTANCE TEST REQUIRED

Applicability: VRF.

Definition: Flag if acceptance test is required.

Units: Boolean.

Input Restrictions: None.

Standard Design: Not applicable.

VRFZoNESYSTEMPPE
oplicability RE.
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SuPPLY FAN CAPACITY FOR DEADBAND

Applicability: VRF.

Definition: ldentify the supply fan airflow rate in deadband (floating) mode.
Units: cfm (for each mode).

Input Restrictions: If the fan control is c€ontinuous, and #fif a multi-speed or variable speed fan is defined for
the VRF fan coil, this will be set to the minimum fan flow. Otherwise, it is set to the design airflow.

If the fan control is Cycling, O cfm.

Standard Design: For healthcare facilities, same as the Proposed Design. EeeMREwith-DOAS O-cfm—For all
other cases, not applicable.
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AUXILIARY POWER WHEN ON
Applicability: VRF.

Definition: The parasitic electrical energy use of the zone terminal unit when either terminal unit coil is
operating.

Units: Watts or Btu/h.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. £g
other cases, not applicable.

AUXILIARY POWER WHEN OFF

Applicability: VRF.

Definition: The parasitic electrical energy use of the zone terminal unit when the terminal unit coils are off.
Units: Watts or Btu/h.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. £s
other cases, not applicable.

SuPPLY FAN AIRFLOW CAPACITY CONTROL
Applicability: VRF.

Definition: The supply fan airflow shall be capable of specifying one (constant volume), two, three, or variable
speed control and power relationships for each fan unit.

Units: List: Subset of fan capacity control options: constant volume, two speed, three speed, and variable
speed.

Input Restrictions: As designed. Minimum airflow capacity to be no less than 50% flow.

sinefan-coily S S 5 ing—For all other cases, not
applicable.

5.6.8 Terminal AirFlewAirflow
5.6.8.1 Variable Air Volume (VAV) AirFlewAirflow

This group of building descriptors applies to proposed systems that vary the volume of air at the zone level.

DESIGN AIRFLOW

Applicability: Systems that vary the volume of air at the zone level.
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Definition: The air delivery rate at design conditions.
Units: CFM.
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For systems 5,-and 6, terminals and
single zone systems the compliance software shall automatically size the terminal airflow to meet both:

e The standard design peak cooling load based on a supply-air-to-room-air temperature difference of
20°F for exterior zones or 15°F for interior zones, the required ventilation air from Table 120.1-A of the
Energy Code, or makeup air, whichever is greater.

e The standard design peak heating load assuming a 95°F supply air temperature.

An exterior zone is a thermal zone that has any exterior walls; and a non-zero amount of vertical exterior
glazed fenestration (windows). Any zone that does not meet the definition of an exterior zone is an interior
zone.

TERMINAL MINIMUM AIRFLOW

Applicability: Systems that vary the volume of air at the zone level
Definition: The minimum airflow that will be delivered by a terminal unit.
Units: Unitless fraction of airflow

Input Restrictions: Input must be greater than or equal to the outside air ventilation rate.

packa

VAV with AWHP heating where the Control System Type Certlﬁed Guideline 36 L|brar|es +ne|+eafeessgeufy that
certified Guideline 36 libraries are not being used, the modeled minimum airflow shall be the maximum of 2

times the minimum airflow input andet 2 times the minimum outside air ventilation rate.

For laboratories, users may input separate minimum rates for occupied and unoccupied. The unoccupied
rates shall be used when the occupancy schedule indicates an occupancy fraction below 0.10.

Standard Design: For healthcare facilities, same as the Proposed Design. For systems 5 and 6, packaged VAV
units and built-up VAV air handling units, set the minimum airflow to be the maximum of the minimum
outside air ventilation rate or 10% of the design airflow.

For laboratories, the occupied minimum airflow fraction shall be fixed at a value equivalent to the greater of
the proposed design occupied minimum exhaust requirements or the occupied minimum ventilation rate.
The unoccupied minimum airflow fraction shall be 0.33 cfm/ft? less than the occupied minimum airflow
fraction.

TERMINAL HEATING CONTROL TYPE

Applicability: VAV boxes with reheat
Definition: The control strategy for the heating mode.

Single Maximum:
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In the single maximum control mode, the airflow is set to a minimum constant value in both the deadband
and heating mode. This airflow can vary but is typically 30 to 50 percent of maximum. This control mode
typically has a higher minimum airflow than the minimum used in the dual maximum below, resulting in
more frequent reheat.

Figure 58889: Single Maximum VAV Box Control

‘\ Maximum-airflow
s i set point
\-\— Reheat-valve position

\

\

\

\ Airflow
= set point
Minimum- A
airflow Y
set point \

\
A Y
\
‘\
Reheat \
.
\
— | —
Heating-PI signal Deadband Cooling-P1 signal

Source: California Energy Commission

Dual Maximum:

Raises the supply air temperature (SAT) as the first stage of heating and increases the airflow to the zone as
the second stage of heating.

The first stage of heating consists of modulating the zone supply air temperature setpoint up to a
maximum setpoint no larger than 95°F while the airflow is maintained at the dead band flow rate.

The second stage of heating consists of modulating the airflow rate from the dead band flow rate up
to the heating maximum flow rate (50 percent of design flow rate_or minimum ventilation rate
whichever is greater).
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Figure 699910: Dual Maximum Control Sequence
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Units: List:
e Single maximum
e Dual maximum

Input Restrictions: Fixed at single maximum if control system type is not direct digital control (DDC) control to
the zone level.

Standard Design: For healthcare facilities, same as the Proposed Design. For all other cases, dual maximum.
5.6.8.2 Fan Powered Boxes

FAN POWERED Box TYPE

Applicability: Thermal zones that have fan powered boxes.

Definition: Defines the type of fan-powered induction box.

Units: List:

e Series
e Parallel

Input Restrictions: As designed.
Standard Design: Not applicable.
For healthcare facilities, same as the proposed design.

TERMINAL FAN POWER

Applicability: Thermal zones that have fan powered boxes.
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Definition: Rated power input of the fan in a fan-powered box.

Units: W/cfm.

Input Restrictions: As designed.

Standard Design: Not applicable.

For healthcare facilities, same as the Proposed Design.

FAN POWERED Box INDUCED AIR ZONE

Applicability: Thermal zones that have fan powered boxes.

Definition: Zone from which a series or parallel fan-powered box draws its air.
Units: List: name of thermal zones included in the building model.

Input Restrictions: As designed.

Standard Design: Not applicable.

For healthcare facilities, same as the Proposed Design.

PARALLEL POWERED INDUCTION UNIT (PIU) INDUCTION RATIO
Applicability: Thermal zones that have fan-powered boxes.

Definition: Ratio of induction-side airflow of a fan-powered box at design heating conditions to the primary
airflow.

Units: Ratio.

Input Restrictions: As designed.

Standard Design: Not applicable.

For healthcare facilities, same as the proposed design.

PARALLEL FAN Box CONTROL METHOD

Applicability: Thermal zones that have parallel fan powered boxes.
Definition: -The control scheme used to define when a parallel fan-powered box fans operate.
Units: List: Flow Fraction, Thermostat Offset.

Input Restrictions: None.

Standard Design: Not applicable.

For healthcare facilities, same as the proposed design.

PARALLEL FAN Box FLOW FRACTION

Applicability: Thermal zones that have parallel fan powered boxes with ‘Flow Fraction’ control method.
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Definition: If the primary airflow to the box is above this fraction, the parallel fan is off. If the fraction is set to
0, the fan will only run when there is a call for heating in the zone. Otherwise, the parallel box fan will run
according to the system availability schedule, or if activated by night-cycle control.

Units: Ratio.
Input Restrictions: 0 to 1.

Standard Design: NetappheableFor System 15, 0.5.

For healthcare facilities, same as the proposed design.

s tondard-Desion:ExistingBuildinas: N . '

5.6.9 Zone Exhaust

This group of building descriptors describes the rate of exhaust and the schedule or control for this exhaust.
An exhaust system can serve one thermal zone or multiple thermal zones. Energy is summed for the exhaust
system level, not the thermal zone level.

This chapter also contains unique inputs for kitchen exhaust systems that must meet requirements of
§Section 140.9 of the Energy Code.

KiTCHEN EXHAUST HOOD LENGTH

Applicability: Exhaust fans in spaces of type kitchen, commercial food preparation.
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Definition: The exhaust hood length.

Units: ft.

Input Restrictions: As designed.

Standard Design: Same as the proposed design.

KITCHEN EXHAUST HOOD STYLE

Applicability: Exhaust fans in spaces of type kitchen, commercial food preparation.
Definition: The hood style as defined in Table 140.9-C of the Energy Code.

Units: List:

e Wall-mounted canopy
e Singleisland

e Doubleisland

e Eyebrow

e Backshelf or £Passover

Input Restrictions: As designed.

Standard Design: Same as the proposed design.

KITCHEN EXHAUST HOOD COOKING DuTY

Applicability: Exhaust fans in spaces of type kitchen, commercial food preparation.
Definition: The hood cooking duty as defined in Table 140.9-C of the Energy Code.
Units: List:

e Light-duty

e Medium-duty

e Heavy-duty

e Extra heavy-duty

Input Restrictions: As designed.

Standard Design: Same as the proposed design.

EXHAUST FAN NAME

Applicability: All thermal zones.

Definition: A reference to an exhaust fan system that serves the thermal zone.

Units: Text or other unique reference to an exhaust fan system defined in the secondary systems section.
Input Restrictions: As designed.

Standard Design: Same as the proposed design.
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EXHAUST AIRFLOWAIRFLOW RATE
Applicability: All thermal zones.

Definition: Rate of exhaust from a thermal zone.
Units: Cfm.

Input Restrictions: For nonresidential and hotel/motel spaces, Proposed exhaust aiflewairflow rate must
meet the minimum exhaust requirements of §Section 120.1(c)4 for applicable spaces in Table 120.1-B.

For laboratory spaces and zones, the design exhaust airflewairflow rate is specified by the user, but a warning
shall be posted if less than 1 cfm/ft2.

Standard Design: Same as the proposed design but not above the maximum of the standard design exhaust
rates listed in Appendix 5.4A for spaces that do not include covered processes. Exception for buildings with
over 5,000 cfm of kitchen exhaust; the standard design is a function of the kitchen exhaust hood length,
kitchen exhaust hood style, and kitchen exhaust hood cooking duty, and is determined by Title 24 Energy
Code, Table 140.9-A.

For lab exhaust systems, the standard design exhaust flow rate is the same as the proposed.
For healthcare facilities, same as the Proposed Design.

ZONE EXHAUST MINIMUM AIRFLOoWAIRFLOW RATE

Applicability: All laboratory zones.

Definition: Minimum rate of exhaust from a zone.

Units: cfm/ft2.

Input Restrictions: As designed for non-process zones.

For laboratory zones, the exhaust airfHewairflow rate is the maximum of the hood scheduled exhaust air
flewairflow rate and the minimum ventilation rate. A warning is posted if the minimum exhaust rate is 2 ACH
or less. Users shall have the capability to input separate rates for occupied and unoccupied.

Standard Desrgn For Ia boratory systems M%h—mmmam—e*ha%t—ﬂew—mtes—e*eeedmg—}%e#e*hwst—the

rate is the proposed design occupied minimum exhaust a+r—ﬂewa|rﬂow rate. The unoccupied exhaust

minimum airflow rate is the proposed design unoccupied minimum exhaust airflow rate.

EXHAUST FAN SCHEDULE

Applicability: All thermal zones.
Definition: Schedule indicating the pattern of use for exhaust air from the thermal zone.

Units: Data structure: schedule, fraction.

179



20252 ACM Reference Manual HVAC Zone Level Systems

Input Restrictions: For healthcare facilities, the schedule is the same as the proposed design. For all
nonresidential buildings, the schedule is based on the predominant schedule group for the building steryfloor
or zone. See Chapter 2.3.3 Space Use Classification Considerations for details. For multifamily buildings, see
Chapter 6 Multifamily Building Descriptors Reference.

Exhaust schedules for commercial kitchen exhaust and laboratory processes are prescribed in Appendix 5.4B.
For laboratory systems-if-the-exhaustis-variable-flow; the compliance software shall automatically use either
the re-manual sash control or auto sash control laboratory variable exhaust schedule or a volume-weighted
interpolated average of the two schedules if only a fraction of the exhaust hoods have automatic sash
control.

Standard Design: Same as the proposed design for non-covered process spaces.

Exhaust schedules for kitchen exhaust hoods are prescribed and specified in Appendix 5.4B.

the standard design is

varlable volume If the—standa«té—elesrgn—rs—vaﬂable—velﬁ-me—&nd-the proposed laboratory space is fume hood
intense (as defined in Table 140.9-DC€ of the Energy Code) then the standard design will use a modified VAV

schedule for hoods with sash controls, volume-weighted by the fraction of exhaust that is served by exhaust
hoods with vertical-only sashes. If the standard-designis-variablevelume-and-the-proposed space is not fume
hood intense then the standard design shall use the VAV exhaust schedule for ren-contrelled-sashesmanual
sash control.

For healthcare facilities, same as the proposed design.
EXHAUST FAN FRACTION SASH CONTROL
Applicability: Zones with laboratory exhaust hoods with vertical sashes.

Definition: The airflow-weighted fraction of exhaust hoods with vertical sashes that have automatic sash
controls. This input is needed to appropriately model cases where only a fraction of the exhaust hoods that
have automatic sash controls.

Units: Fraction.
Input Restrictions: As Designed (between 0 and 1).

Standard Design: 1 if sash controls are required for the laboratory space (per Table 140.9-D of the Energy
Code).

For healthcare facilities, same as the Proposed Design.
Standard Design: Existing Buildings: As Designed (between 0 and 1).

EXHAUST SOURCE

Applicability: Zones with exhaust system.

Definition: The source of exhaust makeup air.

Units: List.
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e Transfer From Adjacent Zones — assumes the exhaust makeup air is provided as outside air by a
system intheuser’s-design-either directly to the local zone or from adjacent zones by transfer
openings. This option does not change the user’s model or impact the simulation.

e Direct Outside Air — indicates a louver or other means of allowing unteampered, outside air to enter
from the exterior to make up for the exhaust. This results in the extra-exhaustairto-bezone exhaust
air to be modeled with an equivalent amount of outdoor air infiltrated into the zone in the

simulation.

Input Restrictions: As dBesigned, but if the total outside air brought into the building steryfloor is less than
the total exhaust air of the same building steryfloor the compliance software should add infiltration to the
zone with exhaust system.

Standard Design: Same as the Proposed Design.

Standard Design: Existing Buildings: As Designed.

5.6.10 Outdoor Air Ventilation

VENTILATION SOURCE
Applicability: All thermal zones.
Definition: The source of ventilation for a thermal zone. The choices are:

None (ventila

ion not provided directly to the zone)tNatural (by operable openings)tForced (by fan)tUnits: List:
None, Natural, or Forced.t/nput Restrictions. For hotel/motel guest rooms, can be ‘Natural’ or
‘Forced’.tFor all other occupancies, must be ‘Forced’.tStandard Design:tFor hotel/motel guest rooms,
same as the proposed.tFor other occupancies, “Forced” if the proposed design is also “Forced”,
otherwise “None”.

VENTILATION STANDARD

Applicability: Thermal zones with special ventilation requirements, such as a process space, which have no
defined requirements in Title 24.

Definition: Minimum ventilation rates for:

Title 24 (default)
Other

Units: List: See above.
Input Restrictions: None.

User should be prepared to show justification for not using Title 24 ventilation source. If ‘Other’ is used, the
user must enter a description of which standard applies, such as OSHPD3, Animal Shelter, etc.

Standard Design: Same as proposed.

181



20252 ACM Reference Manual HVAC Zone Level Systems

Standard Design: Existing Buildings: Same as proposed.

DESIGN VENTILATION RATE

Applicability: All thermal zones.

Definition: The quantity of ventilation air that is provided to the space for the specified thermal zone at the
design condition.

Units: CFM.
Input Restrictions:
As defined by the user.

To accommodate transfer air requirements for makeup air for exhaust from other zones, the design
ventilation rate may be between 95 percent and 110 percent of code required ventilation rates for ea-a

building steryfloor before simulated energy usage is effected-witheutpensalty.

If theany space v¥entilation rates is below 95% of the code required ventilation rate, fera-buildingstoryare
not-aHowed sufficient-additional ventilation air must be provided to other spaces on the same building
steryfloor to meet the transfer air requirements, that is, the sum-eftotal design ventilation flow rates for each
all spaces ineluded-on a building steryfloor must be equal or greaterhigher than 95% of the code required
ventilation rates.-

If the ventilation source is natural_ventilation for hotel/motel guestroom spaces, then the proposed design
ventilation will be modeled as infiltration.

Standard Design: For labs and healthcare facilities, same as the Proposed Design.

If the total exhaustairflowrequirement-ondesign ventilation rate of the building floor does not exceed 110%
of the total ventilation requirement, then the standard design outside air ventilation rate shall be the same as
the proposed. Fhestandard-desi Hat i i

W A 6 ; ~If the proposed ventilation rate exceeds the
limits above, the standard design ventilation rate for each space shall be the proposed rate uniformly reduced
such that the total ventilation air delivered to the building steryfloor is equal to the maximum allowed
ventilation air rate:

Design Ventilation Ratesq = Design Ventilation Ratepqop X ( BFVentst / BFVentprop )

Where:

BFVentgyq is 330%-ofthe building floor design-minimum—reguired-ventilation lewrequirement, as speecified-by
the-Energy-Codedescribed in the next-descriptor below, and

BFVentyrop is the building floor design ventilation flow for the proposed design.

Standard Design: Existing Buildings: Same as the proposed, if unaltered. If space type is altered such that
different ventilation rate requirements apply, the outside air ventilation rate should follow the same rules as
for newly constructed buildings.

BUILDING FLOOR VENTILATION REQUIREMENT
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Applicability: Internal variable, calculated for each building steryfloor{flee}.
Definition: The total outside air ventilation airflow requirement for all spaces on a building stery-e+floor.

This is calculated by summing the ventilation levels for each space and comparing it to the minimum required
ventilation rate and the design exhaust ai~flewairflow requirements.

Units: cfm (ft3/min).

Input Restrictions: Not a user input; derived by summing the ventilation and exhaust airflewairflows from all
spaces on the building floor.

Standard Design: For labs and healthcare facilities, same as the Proposed Design.
For all other spaces:
This is calculated by the following procedure:

e C(Calculate the proposed ventilation for the building steryfloor as the sum of design ventilation flow for
each space included on a building steryfloor, including all conditioned spaces except space designated as

lab space.
e Calculate the proposed exhaust for the building steryfloor as the sum of design exhaust flow for each
space on the building steryfloor, including all conditioned spaces except spaces designated as lab space.

e Calculate the code minimum ventilation requirement as the sum of all minimum required ventilation
airflows, as defined by Appendix 5.4A, for all spaces in the building steryfloor.

e Calculate the code minimum exhaust requirement as the sum of all minimum required exhaust airflows,
as defined by Appendix 5.4A, for all spaces in the building steryfloor.

e If the proposed exhaust is greater than the code minimum ventilation rate, then:

o Total standard design building steryfloor ventilation requirement shall be: Standard ventilation =
Min (proposed ventilation, code minimum exhaust x 1.2)

Otherwise:
e Standard ventilation = Min (code minimum ventilation x 1.1, proposed ventilation)
MINIMUM VENTILATION RATE
Applicability: All thermal zones that have variable ventilation control.
Definition: The minimum quantity of ventilation air that must be provided to the space when it is occupied.
Units: cfm (ft3/min).
Input Restrictions: As designed but not lower than code minimum (default value).

The default value shall be the conditioned floor area times the applicable ventilation rate from Appendix 5.4A
unless the exception for designed occupancy is used where the larger of 15 cfm times the number of
occupants or conditioned floor area times the applicable ventilation rate.

For spaces where demand control ventilation is installed, the minimum ventilation rate is specified by the
greater of the rate in Table 120.1-A or 15 cfm times the scheduled occupancy for that hour.
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For hotel/motel guestroom spaces where the proposed design ventilation source is natural ventilation, the
minimum ventilation rate will be modeled as infiltration.

Standard Design: For labs and healthcare facilities, same as the Proposed Design.

For spaces where demand control ventilation is required, the minimum ventilation rate is specified by the
greater of the rate in Appendix 5.4A or 15 cfm times the scheduled occupancy for that hour.

VENTILATION CONTROL METHOD
Applicability: All thermal zones
Definition: The method used to determine outside air ventilation needed for each hour in the simulation.

This information is reported to the system serving the zone. The method of controlling outside air at the
system level in response to this information is discussed under secondary systems. Options at the zone level
are:

e (CO2 sensors in the space: The outside air is varied to maintain a maximum CO2 concentration in the
space. This shall be approximated

by multiplying the ventilation rate per occupant times the number of occupants for that hour. (When turnstile
counts are used to automatically adjust ventilation levels based on occupancy, this method may also be
used.)

bFixed ventilation rate: Outside air is delivered to the zone at a constant rate and is equal to the design
ventilation rate (see above).

bUnits: List (see above)

binput Restrictions: As designreddesigned.blf the space includes a design occupant density greater than or
equal to 25 persons per 1,000 ft?, and the system includes an airside economizer, or if the design airflow rate
for the system exceeds 3,000 cfm, the input is restricted to CO2 sensors in the space.

bNote: a classroom space greater than 750 ft?must have an occupancy sensor for ventilation control and
setback to meet the mandatory Title 24 Energy Code requirements of §Section 120.2(e)3. This requirement
should be indicated on the appropriate compliance form submittal.

bStandard Design: For healthcare facilities, same as the Proposed Design.blf the default occupancy for the
specified space function from Appendix 5.4B is greater than or equal to 25 persons per 1,000 ft? and the
system includes an airside economizer, set control method to CO2 sensors in the space. Otherwise, set to
fixed ventilation rate.

BDEMAND CONTROL VENTILATION (DCV) MINIMUM VENTILATION SCHEDULE
Applicability: All projects.

Definition: The DCV minimum schedule modifies the ventilation airflow rate for a given space based on the
controllability of a ventilation system and the allowance of the energy standard for the space to modulate
outdoor air. The schedule is dependent on the occupancy schedule for a space type and shall include a lower
limit to airflow based on spaces where minimum ventilation air has a lower limit greater than 0.

Units: Data Structure: schedule, fractional.
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Input Restrictions: The DCV minimum ventilation schedule is prescribed for California compliance based on a
space type.

Standard Design: DCV minimum ventilation schedules shall be used in all spaces where DCV is a mandatory
requirement. DCV minimum ventilation schedules can be different between the proposed and standard
design buildings based on a proposed building adopting DCV control in spaces the energy standard does not
require.

Standard Design: Existing Buildings: Same as proposed.

5.7 HVAC Secondary Systems

This group of building descriptors relate to the secondary HVAC systems. There is not a one-to-one
relationship between secondary HVAC system components in the proposed and standard design since the
standard design system is determined from building type, size, and number of floors. The standard design for
a given building descriptor indicates the appropriate value for each applicable system type.

5.7.1 Basic System Information

HVAC SYSTEM NAME

Applicability: All system types.

Definition: A unique descriptor for each HVAC system.

Units: Text, unique.

Input Restrictions: When applicable, input should match the tags that are used on the plans.
Standard Design: None.

Standard Design: Existing Buildings: None.

SYSTEM TYPE

Applicability: All system types.

Definition: A unique descriptor which identifies the HVAC system type. The System Type indicates the cooling
and heat source, and whether the system serves a single zone or multiple zones.

Units: List from the choices below.

Input Restrictions:

PTAC — Packaged Terminal Air Conditioner
PTHP — Packaged Terminal Heat Pump
SZAC — Single-zone Air Conditioner

SZHP — Single-zone Heat Pump
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SZDFHP - Single-zone Dual Fuel Heat Pump

PVAV* — Packaged Variable Air Volume (VAV) with Reheat

VAV* — Built-up VAV with Reheat

SZVAV-AC - Single Zone VAV Air Conditioner

SZVAV-HP — Single Zone VAV Heat Pump

SZVAV-DFHP — Single Zone VAV Dual Fuel Heat Pump

HV — Heating and Ventilation Only

CRAC — Computer Room Air Conditioner

CRAH — Computer Room Air Handler

FPFC — Four-pipe Fan Coil

WSHP — Water-source Heat Pump

SPVAC - Single package vertical air conditioner

SPVHP — Single package vertical heat pump

DOASVAV — Dedicated Outdoor Air System with Variable Air Volume Airflow
DOASCAV — Dedicated Outdoor Air System with Constant Air Volume Airflow
Chilled Beam — Active or Passive chilled beams

Dual Duct — Mixing box (constant volume and VAV)

* Choice includes series and parallel fan-powered boxes as zone terminal units

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, based on the
prescribed system type in the HVAC system map (see Chapter 5.1.32 HVAC System Map).

YSTEM CONFI TION

Applicability: Computer room air conditioner.

Definition: A unique descriptor which identifies the system class and configuration. This descriptor is used to

determine the minimum system efficiency. The valid options are:
e Floor-Mounted (Downflow)
e Floor-Mounte flow — Ducte

e Floor-Mounted (Upflow - Nonducted)
e Floor-Mounted (Horizontal

e Ceiling-Mounted (Ducted Discharge and Ducted Return)
e Ceiling-Mounted (Ducted Discharge and Free Air Return)
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e Ceiling-Mounted (Free Air Discharge and Ducted Return)
e Ceiling-Mounted (Free Air Discharge and Free Air Return)

Units: None.

Input Restrictions: None.

Standard Design: When the standard design system is a computer room air conditioner the configuration is
‘Floor-Mounted (Downflow)'.

5.7.2 System Controls
5.7.2.1 Control System Type

CONTROL SYSTEM TYPE

Applicability: All HVAC systems that serve more than one control zone, as well as the hydronic systems that
serve building HVAC systems.

Definition: The type of control system for multi-zone HVAC systems and their related equipment.

This input affects the proposed design system specification for zone level controls, supply air temperature
reset controls, ventilation controls and fan and pump static pressure part-load curves. See the following
building descriptors:

e Ventilation control method
e Terminal heating control type
e  Pump part-load curve
e Fan part-load curve
e Optimal start
- i Lirmi

Units: ListNene.

e Direct digital control (DDC) eeatrekto the zone level — DDC systems with control to the zone level.

e Other — other control systems, including pneumatic and DDC systems without control to the zone

level.

Input Restrictions:tist-ene-ofthe-following-inputs As designed:

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, DDC control to the
zone level.
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5.7.2.11 Schedules

AIR HANDLER SCHEDULE

Applicability: All systems that do not cycle with loads.

Definition: A schedule that indicates when the air handler operates continuously.
Units: Data structure: schedule, on/off.

Input Restrictions: For healthcare facilities, the schedule is the same as the proposed design. For all
nonresidential buildings, the schedule is based on the predominant schedule group for the building steryfloor
or zone. See Chapter 2.3.3 Space Use Classification Considerations for details. For multifamily buildings, see
Chapter 6 Multifamily Building Descriptors Reference.

The fan schedules and HVAC operations are defined so that the air handlers provide the necessary outside air
1 hour prior to scheduled occupancy.

Standard Design: Same as the proposed design.
AIR HANDLER FAN CYCLING
Applicability: All fan systems.

Definition: This building descriptor indicates whether the system supply fan operates continuously or cycles
with building loads when the HVAC schedule indicates the building is occupied. (See night cycle control input
for fan operation during unoccupied hours.) The fan systems in most commercial buildings operate
continuously.

Units: List continuous or cycles with loads.

Input Restrictions: As designed if the HVAC system serves zones with a dedicated outside air source for
ventilation; otherwise, continuous.

Standard DeS/gn For healthcare facilities, same as the Proposed Design. For air-to-water residential air
conditioner=hestpump-with-fours ipe-fon-—coibunitsand DOASand-VWRFoysterm-with- DOAS , cycles

with Ioads—fe#hete#metel—gues#eem—systems continuous for all other standard de5|gn system types.

OPTIMAL START CONTROL
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Applicability: Systems with the control capability for flexible scheduling of system start time based on building
loads.

Definition: Optimal start control adjusts the start time of the HVAC unit such that the space is brought to

setpoint Just prior to occupancy. Modellng mgut is used for reporting only and does not affect simulation
results: - g :

Units: Boolean (Yes/No).
Input Restrictions: Fixed at yes if control system type is DDC to the zone level; otherwise, as designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, fixed at yes if control
system type is DDC to the zone level.

NIGHT-CYCLE HVAC FAN CONTROL
Applicability: All air systems — not applicable for zone systems.

Definition: The control of an HVAC system that is triggered by the heating or cooling temperature setpoint for
thermal zones during periods when the heating, cooling and fan systems are scheduled to be off. For this
control, the space is controlled to the setback or setup temperature only; this control is not equivalent to a
night purge control. The choices are:

e Cycle on call from any zone

e Cycle on call from the primary control zone

e Stay off

e Cycle zone fans only (for systems with fan-powered boxes). Restart fans below given ambient
temperature.

e Cycle on any cooling

e Cycle on any heating

Units: None.

Input Restrictions: For multi-zone systems, ‘Cycle on call from any zone’, except for systems with fan-powered
boxes, where either ‘Cycle on call from any zone’ or ‘Cycle zone fans only’ is allowed. For DOAS, ‘Stay off’

unless the DOAS is identified as a heating or cooling system for any zone. For single-zone heating/cooling
systems, ‘Cycle on call from primary zone'.

Standard Design: For healthcare facilities, same as the Proposed Design. For multi-zone systems, ‘Cycle on call
from any zone’. For single-zone heating/cooling systems, ‘Cycle on call from primary zone’.

CERTIFIED GUIDELINE 36 LIBRARIES

%Packaged VAV! built-up VAV and bmlt—ug VAV with AWHP heatmg with Control Tyge DDC to the zone.

Definition: Indicates whether certified ASHRAE Guideline 36 programming libraries are used in proposed
HVAC control system design.
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The input affects the proposed design system specification for zone level controls and fan static pressure part-
load curves. See the following building descriptors:

o =————Terminal minimum airflow
e ———Fan part-load curve

Units: Boolean

Input Restrictions: None

Standard Design: Not applicable

5.7.2.12 Supply Air Temperature Control

COOLING SuUPPLY AIR TEMPERATURE

Applicability: All cooling systems.

Definition: The supply air temperature setpoint at design cooling conditions.
Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, 15°F below the space
temperature setpoint for interior zones that are served by multiple zone systems and for computer rooms
without air containment (where space temperature equals return air temperature); for all other zones, 20°F
below the space temperature. Setpoint

HEATING SUPPLY AIR TEMPERATURE
Applicability: All heating systems.

Definition: The supply air temperature leaving the air handler when the system is in a heating mode (not the
air temperature leaving the reheat coils in VAV boxes).

Units: Degrees Fahrenheit (°F).
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, 95°F for all system
types with heating, except 60°F for multiple zone systems; no heating for data centers and computer rooms.

SuPPLY AIR TEMPERATURE CONTROL
Applicability: All cooling or heating systems or both.

Definition: The method of controlling the supply air temperature. Choices are:

e No control — fFor this scheme the coils are-energized-wheneverthere-isa-cal-for-heatingercoolingatthe
eontrolzone-cycle on/off based on control zone thermostat signal for heating/cooling. There is no

controller to maintain a specific supply air temperature (SAT).
e Fixed - {eonstant)The coils cycle on/off to maintain a constant SAT setpoint.
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temperature of a central forced air HVAC system according to the cooling demand of the warmest zone.
; I airflowSi
—Reset by-warmest zone,temperature first
e Resetby-eQutside air dry-bulb temperature —tThe SAT is adjusted based on the outdoor air temperature.
The SAT is varied linearly between the max/min limits in proportion to the outside air max/mix limits, and

constant above/below the outside air limits.

e Scheduled setpoint — £The coils cycle on/off to maintain a SAT setpoint specified by schedules.

Units: List (see above).

Input Restrictions: Warmest zone reset controls not applicable for single-zone systems. Otherwise, as
designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, for standard design
systems 1 through 4 and 7 through 13, the SAT control is No Control. For systems 5,=ar€ 6_and 15; the SAT
control shall be reset by warmest resetzereairflow-first.

RESET SCHEDULE BY O©SAOUTDOOR AIR TEMPERATURE

Applicability: When the proposed design resets SAT by outside air dry-bulb temperature.

Definition: A linear reset schedule that represents the SAT setpoint as a function of outdoor air dry-bulb
temperature.

This schedule is defined by at minimum the foIIowmg four data pomts (see F |gure 7: SAT Cooling Setpoint

e The coldest supply air temperature

e The corresponding (hot) outdoor air dry-bulb setpoint
e The warmest supply air temperature

e The corresponding (cool) outdoor air dry-bulb setpoint

There may be one reset schedule for the system, or may be individual reset schedules for heating and cooling
coils, as may be the case for DOAS systems.
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Figure 738363103%: SAT Cooling Setpoint Reset Based on Outdoor Air Temperature (OAT)
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Units: Data structure (two matched pairs of SAT and OAT, see above).
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.

DUAL SETPOINT SUPPLY AIR TEMPERATURE CONTROL

Applicability: All cooling and/or heating systems. This strategy is most applicable to ventilation only (DOAS)
systems with tempering coils and/or heat recovery.

Definition: The maximum and minimum supply air temperature setpoints for the system. Cooling coils will be
energized to maintain the system supply air temperature at the maximum setpoint, and heating coils will be
energized to maintain the setpoint at the minimum temperature. If the mixed air temperature of the system
is between these two values, the coils are not energized and the supply air temperature “floats” within this
range.

Units: Data structure (a pair of minimum and maximum supply air temperatures).

Input Restrictions: As designed.

Standard Design: Netapplicable-to-standard-designsSame as proposed design for systems with DOAS.

5.7.3 Fan and Duct Systems

5.7.3.1 Standard Design Fan System Summary

The standard design fan system is summarized in this chapter. See Chapter 5.1.32 HVAC System Mabp, for the
HVAC standard design system mapping. At the end of the Fans, General section below, the standard design
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fan power allowance and available credits is described. There are also sections on Supply, Return/Relief, and
Exhaust systems with additional guidance.

5.7.3.2 Fans, General

The following descriptors are common to all fans.

FAN MODELING METHOD
Applicability: All fan systems.

Definition: Fans can be modeled in one of three ways. The simple method is for the user to enter the electric
power per unit of flow (W/cfm). This method is commonly used for zonal equipment and other small fan
systems. A more detailed method is to model the fan as a system whereby the static pressure, fan efficiency,
part-load curve, and motor efficiency are specified at design conditions. A third method is to specify brake
horsepower at design conditions instead of fan efficiency and static pressure. This is a variation of the second
method whereby brake horsepower is specified in lieu of static pressure and fan efficiency. The latter two
methods are commonly used for VAV and fan systems with significant static pressure.

Units: List power-per-unit-flow, static pressure, or brake horsepower.
Input Restrictions: As designed.

Standard Design: For healthcare facilities with total system fan power less than 1 kW and system is not a
DOAS, same as the Proposed Design. For all others, -power-per-unit-flow.

FAN CONTROL METHOD

Applicability: All fan systems with supply or relief fans or both.

Definition: A description of how the supply (and return/relief) fan(s) are controlled.
The options include:

e Constant volume

e Variable-flow, inlet, or discharge dampers
e Variable-flow, inlet guide vanes

e Variable-flow, variable speed drive (VSD)
e Variable-flow, variable pitch blades

e Two-speed

e Three-speed

For variable-speed fans, the fan control method determines which part-load performance curve to use.
Units: List (see above).

Input Restrictions: As designed. The user shall not be able to select VSD with static pressure reset if the
building does not have DDC controls to the zone level.

Standard Design: For healthcare facilities, same as the Proposed Design. Based on the prescribed system
type. Refer to the HVAC System Map in 5.1.32.

FAN BRAKE HORSEPOWER
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Applicability: All fan systems.

Definition: The design shaft brake horsepower of a fan.

This input does not need to be supplied if the supply fan power (kW or W/cfm) is supplied.
Units: Horsepower (hp).

Input Restrictions: As designed. Required if the fan modeling method is ‘brake horsepower’, otherwise this
input is calculated for other methods.

The compliance software shall apply the following rule to ensure the proposed design bhp is consistent with
the user input motor nameplate horsepower.

The user entered brake horsepower for the proposed design is compared against the next smaller standard

motor size, as deﬁned by Table 14: Mmlmum Nominal Ef'ﬁuencx for EIectrlc Motors gPercentH@b%l:éh

g, from the user entered supply fan n ameglate motor
horsepower The proposed de5|gn supply fan brake horsepower (bhp) is set to the maximum of the user
entered or calculated bhp and 95 percent of the next smaller motor horsepower:

Proposed bhp = max(Uuser bhp, 95 percent xMHPi-1)

Where User bhp is the user entered supply fan brake horsepower:

MHPi is the proposed (nameplate) motor horsepower

MHPi-1 is the next smaller motor horsepower from the Standard Motor Size table-abeve.

For example, if the user entered fan brake horsepower is 18 and the proposed motor horsepower is 25, the
next smaller motor horsepower from the table above is 20, and 95 percent of the next smaller motor
horsepower is 19. Then, the brake horsepower in the proposed model should be 19.

Standard Design: For healthcare facilities with total system fan power less than 1 kW and system is not a
DOAS, same as the Proposed Design. For all others, not applicable (the standard design maps to a HVAC
system type, which has a power-per-unit-flow allowance based on the components in the given system type).

Standard Design: Existing Buildings: Same as proposed if existing and unaltered.
FAN MOTOR HORSEPOWER

Applicability: All fan systems.

Definition: The motor nameplate horsepower of the supply fan.

Units: List: choose from standard motor sizes: 1/12,1/8, %, %, %, 1, 1.5, 2, 3, 5, 7.5, 10, 15, 20, 25, 30, 40, 50,
60, 75, 100, 125, 150, 200

Alternatively, the nameplate horsepower can be entered as a numeric value.

Input Restrictions: As designed.
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This building descriptor is required for all fan power modeling methods.

Standard Design: For healthcare facilities with total system fan power less than 1 kW and system is not a
DOAS, same as the Proposed Design. For all others, set to the standard motor efficiency for the nominal
motor size, from NEMA standards, for calculated supply fan input power.

Standard Design: Existing Buildings: Same as proposed if existing and unaltered.
FAN TOTAL STATIC PRESSURE
Applicability: All fan systems using the static pressure method.

Definition: The design total static pressure for the supply fan. This includes both the internal and external
static pressure drop for an air handler.

Units: Inches of water column (in. H20).
Input Restrictions: As designed.

The design static pressure for the supply fan does not need to be specified if the supply fan power index or
brake horsepower (bhp) is specified.

Standard Design: For healthcare facilities with total system fan power less than 1 kW and system is not a
DOAS, same as the Proposed Design. For all others, not applicable.

Standard Design: Existing Buildings: Same as proposed if existing and unaltered.
FAN EFFICIENCY
Applicability: All fan systems using the static pressure method.

Definition: The efficiency of the fan at design conditions; this is the static efficiency and does not include
motor losses.

Units: Unitless.
Input Restrictions: As designed.
The supply fan efficiency does not need to be specified if the supply fan brake horsepower (bhp) is specified.

Standard Design: For healthcare facilities with total system fan power less than 1 kW and system is not a
DOAS, same as the Proposed Design. For all others, 65%.

Not applicable for the four-pipe fan coil system.

Standard Design: Existing Buildings: Not applicable.

MOTOR EFFICIENCY

Applicability: All fans.

Definition: The full-load efficiency of the motor serving the fan.

Units: Unitless.
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Input Restrictions: As designed.

Standard Design: For healthcare facilities with total system fan power less than 1 kW and system is not a
DOAS, same as the Proposed De5|gn For aII others, determlned from Table 14 Minimum Nominal EfﬁC|enc¥

motor size.

Existing Buildings: Same as proposed.

Table 1434343310: Minimum Nominal Efficiency for Electric Motors (Percent)

Motor Horsepower Efficiency (%)

1 85.5
1.5 86.5

2 86.5

3 89.5

5 89.5
7.5 917
10 917
15 92.4
20 93.0
25 93.6
30 93.6
40 94.1
50 94.5
60 95.0
75 95.4
100 95.4
125 35.4
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150 95.8
200 96.2
250 96.2
300 96.2
350 96.2
400 96.2
450 96.2
500 96.2

Source: California Energy Commission

MoOTOR POSITION

Applicability: All fans.

Definition: The position of the supply fan motor relative to the cooling or heating air stream or both.
The choices are:

e -in the air stream
e -orout of the air stream.

Units: List (see above).

Input Restrictions: As designed.

Standard Design: In the air stream.

FAN PART-FLOW POWER CURVE
Applicability: All variable flow fan systems.

Definition: A part-load power curve that represents the percentage full-load power draw of the supply fan as
a function of the percentage full-load ai~flewairflow.

The curve is typically represented as a quadratic equation with an absolute minimum power draw specified.

Units: Unitless ratio.

Input Restrictions: Prescrlbed use curves in Appendlx 5.7 based on fan control. When %ﬂstem 5,6
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FThe default fan curve shall be selected from Appendix 5.7 for the type of fan specified in the proposed
design.

PLR = (a) + (b X FanRatio) + (c X FanRatio?) + (d X FanRatio3)
PLR = PowerMin

Where:

PLR - Ratio of fan power at part load conditions to full load fan power
PowerMn - Minimum fan power ratio

FanRatio - Ratio of cfm at part-load to full-load cfm

a, b, c,and d - Constants from the table below

For exhaust fans modeled as zone fans, the part-flow power curve can be described by a curve from Appendix
5.7 for the type of fan specified, or as a linear curve.

Standard Design: For healthcare facilities with total system fan power less than 1 kW aagd-where system is not
a DOAS, same as the Proposed Design. Eetsystemsb-and-b—packaged- VAV -unitsand-buli-un- VAV airhandling

5Z=For all others, not applicable for standard design constant volume systems. The curve VSD with static
pressure reset fans shall be used for variable volume systems. For exhaust fans, if a linear curve is used, the
same fan curve, in the proposed design is used.

FAN POWER INDEX

Applicability: Fan systems that use the power-per-unit-flow method.
Definition: The fan power (at the motor) per unit of flow.

Units: W/cfm.

Input Restrictions: As designed or specified in the manufacturers’ literature.

Standard Design: For healthcare facilities with total system fan power greater than or equal to 1 kW and the
system is not DOAS, power-per-unit-flow allowance based on the components in the proposed system
according to 140.4(c)1 of the Energy Code.: For healthcare facilities with DOAS and total system fan power
less than 1 kW, 1.0 W/CFM. For all others health care facilities, same as Proposed Design.

For all other buildings:

o System1—RAC{Residential Aair €conditioner}-: 0.45 W/CFM

o System10—CRAC-Computer room air conditioner and System31—ERAHcomputer room air handler
systems: 0.58 W/CFM_(approximate value of 27 W/kBtu-h of net sensible cooling capacity assuming
design air flow rate is based on 20°F temperature differential between supply air and room air)-
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System 15 — Parallel fan-powered box fan: 0.3 W/cfm.

Other systems: The fan electrical power input of the standard design will be based on which components are
present in the given HVAC system type, and what the prescriptive fan power budget allows for each airflow
range.

The standard design fan input electrical power will be determined by the system type and airflow range
described in the table below:

Table 15135151211: Total System Fan Power Allowance, in W/cfm by System

Type
System No. < 5,000 > 5,000 > 10,000
cfm cfm; < cfm
10,000 cfm

3a—SZAC 0.802 0.780 0.748
3b — SZHP (no furnace) 0.744 0.720 0.676
3¢ — SZDFHP (with furnace) 0.802 0.780 0.748
7a — SZVAVAC 0.802 0.780 0.748
7b — SZVAVHP 0.744 0.720 0.676
7c¢ — SZVAVDFHP (with furnace) 0.802 0.780 0.748
5 —PVAV 1.000 1.022 0.964
6 — VAV 0.977 1.013 0.947
9 — HEATVENT 0.616 0.620 0.605
15 — PVAVAWHP 1.000 1.022 0.964

Source: California Energy Commission

Standard Design: Existing Buildings: Same as proposed if existing and unaltered; otherwise use newly
constructed buildings values with the following additional credits (includes supply and return/relief/exhaust):
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Table 1616161312: Additional System Fan Power Allowance, in W/cfm by

System Type
System No. <5,000 > 5,000 > 10,000
cfm cfm; < cfm
10,000 cfm
MZ-VAV (Systems 5 and 6) 0.205 0.174 0.159
All other (Systems 1, 3, 7, and 9) 0.209 0.182 0.162

Source: California Energy Commission
FAN POWER ADJUSTMENT

Applicability: Any system with special requirements for filtration or other process requirements.

Definition: Additional system fan power related to application-specific filtration requirements or other
process requirements.

An exceptional condition shall be included on compliance documentation when the user selects one of these
adjustment conditions.

Units: List.

Input Restrictions: The user chooses one or more fan power adjustment credits from the list below. For the
credits that are indicated as ‘calculation required the user enters the pressure drop for each device.

Table 173Z171413: Adjustment Credits (Multi-zone VAV) (W/cfm)

Device <5,000 > 5,000 cfm; < > 10,000 cfm
cfm 10,000 cfm
Return of exhaust 0.089 0.100 0.116

systems required by
code to be fully ducted

Exhaust filters, 0.177 0.198 0.231
scrubbers, or other
exhaust treatment
(calculation required,
see note)

Particulate filtration 0.265 0.280 0.333
credit: MERV 16 or
greater and
electronically enhanced
filters

Carbon and other gas- 0.176 0.188 0.224
phase air cleaners
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Device <5,000 > 5,000 cfm; < > 10,000 cfm
cfm 10,000 cfm

(calculation required,

see note)

Biosafety cabinet 0.177 0.198 0.231

(calculation required,

see note)

Energy Recovery 0.374 0.318 0.289

(included only if
standard design
requires heat recovery)

Source: California Energy Commission
Table 1818181514: Adjustment Credits, All Other Fan Systems (W/cfm)

Device <5,000 > 5,000 cfm; < > 10,000 cfm
cfm 10,000 cfm

Return of exhaust
systems required by 0.091 0.102 0.116
code to be fully ducted

Exhaust filters,
scrubbers, or other
exhaust treatment 0.179 0.202 0.232
(calculation required,
see note)

Particulate filtration
credit: MERV 16 or
greater and 0.264 0.292 0.342
electronically enhanced
filters

Carbon and other gas-
phase air cleaners

. , 0.177 0.197 0.231
(calculation required,
see note)
Biosafety cabinet
(calculation required, 0.179 0.202 0.232
see note)
Energy Recovery 0.381 0.329 0.293

(Included only if
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Device <5,000 > 5,000 cfm; < > 10,000 cfm
cfm 10,000 cfm

standard design
requires heat recovery)

Single Zone VAV
Systems that are
capable of turning down
to 50% of full load
airflow at a maximum of
30% design wattage

0.070 0.100 0.089

For any row with “calculation require,” include a field that allows the user to enter static pressure and
multiply by the value in the cell. The value in the cell is based on 1.0 in. w.c. pressure drop.

Source: California Energy Commission

Standard Design: Same as proposed.

Standard Design: Existing Buildings: Same as proposed for new HVAC equipment; not applicable for existing,
unaltered systems.

FAN ENERGY INDEX (FEI)

Applicability: All fans with a motor nameplate horsepower greater than 1.00 hp or with an electrical input
power greater than 0.89 kW.

Definition: FEl is a ratio of the baseline electrical power divided by the fan’s actual electrical input power
calculated in accordance with ANSI/AMCA 208-18 Annex C.

This input is currently only used for mandatory minimum efficiency checks.
Units: Unitless ratio.
Input Restrictions: As designed.

The applicable fan shall have a FEIl of 1.00 or higher. The applicable fan used for a variable-air-volume system
that meets the requirements of Section 140.4(c)2 shall have an FEI of 0.95 or higher. If the fan FEI does not
meet one of the requirements above, the compliance run shall fail unless the fan meets one of the
EXCEPTIONS to Section 120.10(a).

Standard Design: Not applicable.

MuLT-SPEED FAN POWER RATIO

Applicability: Two- and three-speed fans.

Definition: The ratio of part-load power to full-load power at the given fan flow.

Units: Unitless.

Input Restrictions: Not input. Same as standard design.
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Standard Design:

Two-speed fans: 30 percent power at 50 percent flow.

Three-speed fans: 51 percent power at 66 percent flow, 12 percent power at 33 percent flow.

5.7.3.3 Supply Fans
The standard design HVAC systems have supply fans.

SuppLY FAN POWER RATIO
Applicability: All fan systems.

Definition: The standard design fan power requirements apply to all fans that operate at design conditions. To
apportion the fan power to the supply, return/relief fan and exhaust fans, a ratio is defined that is the ratio of
supply fan power to total system fan power.

Units: Unitless ratio.

Input Restrictions: As-designed;-aNot a user input.

This is the ratio of the supply fan power to total system fan power, which includes supply, return/relief, and
exhaust fans in zones served by a proposed HVAC system. If the proposed design does not have a return,
relief or exhaust fan in the zones served by the system, this ratio is 1.0.

Standard Design: Same as proposed.

Standard Design: Existing Buildings: Same as proposed.

SUPPLY FAN DESIGN AIRFLOW

Applicability: All fan systems

Definition: The airfHewairflow rate of the supply fan(s) at design conditions.
This building descriptor sets the 100 percent point for the fan part-load curve.
Units: CFM (ft3/min)

Input Restrictions: As designed*

* For systems with DX cooling coils, Fthe airflow is typically between 250 and 500 cfm/toncooling-ahe-560
efmfton. If the compliance software simulation engine limits the final calculated cfm/tonceoiing to a certain

range, the compllance software shall inform the user of this limitation.- —va%res—wel#eut—srde—ef—t—hrs—raﬂge-may

Standard Design: For healthcare facilities, same as the Proposed Design. For all others,

The program shall automatically size the airflewairflow at each thermal zone to meet the loads. The design
air-flowairflow rate calculation for exterior zones shaII be based on a 20°F temperature dlf'ferentlal between
supply air and gke-room air = 3
exteriorzeones-and a 15°F temperature dlf‘ferentlal for interior zones served by muItlpIe zone systems The
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design supply aiflewairflow rate is the larger of the flow rate required to meet space conditioning
requirements and the required ventilation flow rate.

For multi-zone systems, the supply fan design airflewairflow rate shall be the system airflow rate that
satisfies the coincident peak of all thermal zones at the design supply air temperature.

For systems with cooling coils, a 115% multiplier is applied to the autosized airflow rate to be consistent with
the cooling coil sizing multiplier.

FAN POSITION

Applicability: All supply fans.

Definition: The position of the supply fan relative to the cooling coil.
The configuration is either:

e -draw through (fan is downstream of the coil) or
e blow through (fan is upstream of the coil).

Units  List (see above).
Input Restrictions: As designed.
Standard Design: Draw through.

5.7.3.4 Return/Relief Fans

The standard design HVAC systems has a return or relief fan if any of the zone(s) in the proposed design are
served by HVAC systems with return or relief fan. If the standard design is required to include exhaust air heat
recovery, and the proposed design does not include a return and/or a relief fan, the standard design will be
modeled with a return fan.

PLENUM ZONE
Applicability: Any system with return ducts or return air plenum.

Definition: A reference to the thermal zone that serves as return plenum or where the return ducts are
located.

Units: Text, unique.

Input Restrictions: As designed.

Standard Design: Not applicable.

RETURN AIR PATH

Applicability: Any system with return ducts or return air plenum.
Definition: Describes the return path for air.

Can be:

e ducted return,
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e via plenum zone(s), or
e direct-to-unit.

Units: List (see above).
Input Restrictions: As designed.

Standard Design: For standard design systems, the return air path shall be direct-to-unit.

RETURN/RELIEF FAN POWER RATIO

Applicability: All thermal zones.

Definition: This is the ratio of the return or relief fan power divided by the total system fan power for the
thermal zone. If the proposed design does not have a return or relief fan in the zones served by the system,
this ratio is 0.0. This ratio is used to apportion the standard design fan power allowance to the standard
design return/relief fan in a similar manner as the proposed design.

Units: Unitless ratio.

Input Restrictions: As designed, not a user input.

Standard Design: Same as proposed. When compliance scope does not include Mechanical-cemplanceisnet

ineladed, or includes Partial Mechanical eempliance-seepe-is-used-and a zone is specified as ‘HVAC Is
Unknown’, the return/relief fan power ratio shall be 0.

Standard Design: Existing Buildings: Same as proposed.

RETURN/RELIEF FAN DESIGN AIRFLOW
Applicability: All systems with a return or relief fan

Definition: The design ai~flewairflow fan capacity of the return or relief fan(s).
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This sets the 100 percent fan flow point for the part-load curve (see below).
Units: Cfm
Input Restrictions: As designed

Standard Design: For healthcare facilities, same as the Proposed Design. Otherwise, if the standard design has
a return or relief fan, the design airflow will be equal to the standard design supply fan airflow less the system
minimum outdoor air, or 90% of the standard design supply fan airflow, whichever is larger.

5.7.3.5 Exhaust Fans

The standard design shall track the proposed design exemptprecess-exhaust flow rate up to the prescribed
outside exhaust rate by space type (see Appendix 5.4A for the standard desigh maximum exhaust rate).
Covered process {ren-exempt}-exhaust includes garage ventilation, lab exhaust and exhaust from kitchens
with over 5,000 cfm of exhaust. Rules for the standard design covered process exhaust rate and fan power
are discussed in the following chapters.

ExHAUST FAN POWER RATIO

Applicability: All thermal zones.

Definition: This is the ratio of the proposed exhaust fan power included in zones served by a proposed HVAC
system, divided by the total proposed system fan power, which includes: supply, return/relief, and exhaust
fans. If the proposed design does not have exhaust fans in zones served by an HVAC system, this ratio is 0.

Units: Unitless ratio.

Input Restrictions: As designed, not a user input.

Standard Design: Same as proposed. When compliance scope does not include Mechanical-cesmplanceisnet
ineladed, orincludes Partial Mechanical eempliance-seepedisused-and a zone is specified as ‘HVAC Is

Unknown’, the exhaust fan power ratio for both the proposed and standard design systems will be based on
the ratio of exhaust flow to total system flow (supply + exhaust), unless the exhaust fan power is defined for a
covered process £that does not depend on the proposed exhaust fan power ratio,} in which case the standard

design exhaust fan power is set to the covered process defined level.

Standard Design: Existing Buildings: Same as proposed.
EXHAUST FAN DESIGN AIRFLOW
Applicability: All exhaust fan systems.

Definition: The rated design airflewairflow rate of the exhaust fan system. This building descriptor defines the
100 percent flow point of the part-flow curve. Actual airfHewairflow is the sum of the flow specified for each
thermal zone, as modified by the schedule for each thermal zone.

Units: Cfm.

Input Restrictions: As designed, but required if the space ventilation function results in a minimum exhaust
rate to be provided. The total designh exhaust flow capacity for building steryfloor (conditioned space) shall
not exceed the sum of building steryfloor minimum-ventilation{outdeor)total outdoor airflewairflow. The
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outdoor air can be brought into the building mechanically or drawn by the exhaust system through louvers at

the zone. To specify air drawn through louvers users should set the exhaust air source as Direct Qutside

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, same as proposed
design unless the space ventilation function results in a minimum exhaust rate to be provided. In this case,
the standard design shall be the code minimum exhaust. The design supply air ventilation rate for zone(s)
may need to be adjusted by the compliance software, so that the total design outside air ventilation rate
supplied to all zones on a floor equals the total exhaust fan design airflow for all zones on the floor.

EXHAUST FAN CONTROL METHOD
Applicability: All exhaust fan systems.
Definition: A description of how the exhaust fan(s) are controlled. The options include:

e Constant-velume-flow, constant speed fan-
¢ vVariable-flow, constant speed fan
e Variable-flow, variable speed fan

o No-CO-control
o+ CO-controt
For laboratories the options are:
o ————Constant-exhaust-velume-flow, constant speed fan with bypass damper
o ———C(Constant-flow-exhaust-velume, constant speed fan without bypass damper
o ———Variable-flow-exhaust-velume, constant speed fan with bypass damper
e ————Variable-flow-exhaust-volume, variable volume fan without bypass damper
e ————Variable-flow-exhaust-volume, variable volume fan with bypass damper

Units: List (see above)

Input Restrictions: As designed, when exhaust fan flow at the thermal zone level is varied through a schedule,
one of the variable-flow options shall be specified.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others,

The standard design exhaust fan control shall be the same as the proposed design, but subject to the
conditions described above.

For exhaust fans serving kitchen spaces, the fan control method is constant volume for fans with flow rate
5,000 cfm and below, and variable flow, variable speed drive for fans with flow rate greater than 5,000 cfm.

For exhaust fans servmg Iaboratory spaces, the fan control method is va%&e—s-peed—d%w&#hen—the—m%mum

moter-The alrﬂow entering the exhaust fans is constant even though the exhausted conditioned airflow from
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the lab spaces varies in accordance with the larger of schedules of fume hood fraction, minimum ACH
(circulation rate), and airflow required for heating and cooling. As exhaust airflow from the lab spaces
decreases, bypass air correspondingly increases, and as a result, the airflow out of the stack is constant and
the exhaust fan draws design power continuously when it is on.

EXHAUST FAN EFFICIENCY

Applicability: Any exhaust fan system that uses the static pressure method.
Definition: The efficiency of the exhaust fan at rated capacity.

This is the static efficiency and does not include losses through the motor.
Units: Unitless.

Input Restrictions: None.

Standard Design: For healthcare facilities covered process exhaust, same as the Proposed Design. For all
other healthcare facility fans 65%.

For kitchen exhaust fans, the fan efficiency is 50%, while for lab exhaust it is 62%.
For all other exhaust fans, the standard design efficiency is 65%.

EXHAUST FAN POWER INDEX

Applicability: All exhaust systems.

Definition: The fan power of the exhaust fan per unit of flow.

This building descriptor is applicable only with the power-per-unit-flow method.
Units: W/CFM.

Input Restrictions:

As designed. When an anemometer and/or contaminant controls are used in the proposed design the fan
power is reduced by 0.2 W/cfm.

Standard Design: For healthcare facilities with total system fan power greater than or equal to 1 kW and the
system is not DOAS, power-per-unit-flow allowance based on the components in the proposed system
according to 140.4(c)1 of the Energy Code. For all others health care facilities, same as the Proposed Design.

For laboratory exhaust, where the building lab design exhaust flow exceeds 10,000 cfm, 0.65 W/cfm. If the
user designates that the system includes scrubbers or other air treatment devices, the standard design
exhaust fan power shall be 0.85 W/cfm.

For kitchen exhaust, 0.65 W/CFM.
For hotel/motel guestrooms, 0.58 W/CFM.

EXHAUST FAN SYSTEM MINIMUM AIRFLOW RATE

Applicability: All laboratory exhaust fan systems.
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Definition: Minimum rate of exhaust from a laboratory fan system.

Units: Cfm.

Input Restrictions: As designed.

For laboratory zones, to maintain a minimum effluent discharge velocity or plume height, the minimum
exhaust fan airflow rate that-may need to be greater than the sum of the zone exhaust air flow rates it serves
and additional bypass air will be needed to meet the discharge velocity (see figure below). £The exhaust fan
system airflow rate is the maximum of the total sum-efthe-zone exhaust airflow rates served by the exhaust
fan system and the minimum fan system airflow rate. The difference between the sum of the zone exhaust
airflow rates served by the exhaust fan system and the exhaust fan system airflow rate, is bypass air into the
the inlet of the exhaust fans. For induction fans that also have entrained airflow downstream of the fan, the
entrained airflow shall be subtracted off the total stack airflow when defining the minimum exhaust flow rate.

perieds: Users shall have the capability to input separate fan system minimum rates for high and low periods.
High minimum periods correspond to times with wind speeds above user defined threshold velocities by
wind direction for wind responsive control systems or above contaminant threshold concentration for
contaminant monitoring control system.

Standard Design: For laboratory systems the occupied exhaust minimum air flow rate is the proposed design
occupied minimum exhaust air flow rate. The unoccupied exhaust minimum air flow rate shall be 0.33
cfm/ft2 less than the occupied exhaust minimum airflow rate.

Figure 82%: Laboratory Exhaust System
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5-73-25.7.3.6 Garage Exhaust Fan Systems

When garage exhaust fan systems are modeled the fans shall be modeled as constant volume fans, with the
fan power determined by whether or not the fan has CO controls.

GARAGE EXHAUST FAN RATED CAPACITY

Applicability: All garage exhaust systems.

Definition: The rated design ai~flewairflow rate of the garage exhaust fan system.
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Units: Cfm.

Input Restrictions: As designed.

Standard Design: Same as proposed design.

GARAGE EXHAUST FAN CONTROL METHOD

Applicability: All garage exhaust fan systems.

Definition: The control method for the garage exhaust fan.

This input determines the fan power for the exhaust fan. No other fan inputs are required.
Units: List No CO control, or CO control.

Input Restrictions: None.

If constant volume is selected, proposed fan power is as designed.

If CO control is selected, proposed fan power is 12.5 percent of the design fan power.
Standard Design: Same as proposed.

5-23-85.7.3.7 Duct Systems in Unconditioned Space

DucT LEAKAGE HERSECC FAN POWER ADJUSTMENT

Applicability: Single zone, constant volume systems with ducts in unconditioned space, serving < 5000 ft?
zconditioned floor area.

Definition: A%£Fan power peralty-orereditenergy usage adjusted based on the testing performed when ducts
are in unconditioned spaces.

Units: List: Penalty, No Change Credit.
Input Restrictions: Not a user input.

Penalby-ilf the HERSECC duct leakage testing isn’t done when required, or if the testing fails the duct leakage

rate criteria_the fan power is simulated with a 30% increase to represent increased energy usage from duct
Ieakaget Fhen-tnerease-fan-naower b 3004

Eredit=Although testing_ is not required, butif HERSECC testing_is performed and leakage rates are verified,
the fan power is simulated with a 14% decrease to represent decreased energy usage from low duct leakage.

iredFo all other cases the fan power is simulated with no change.

Standard Design: AlHn-conditioned-spaceNo adjustmentChange.
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5.7.4 Outdoor Air Controls and Economizers
5.7.4.1 Outside Air Controls

MaxiMuUM OUTSIDE AIR RATIO
Applicability: All systems with modulating outside air dampers.

Definition: The descriptor is used to limit the maximum amount of outside air that a system can provide as a
percentage of the design supply air. It is used where the installation has a restricted intake capacity.

Units: Ratio.

Input Restrictions: Fixed-1.0 for 100% outdoor air systems. As designed for all systems above 33,000 Btu/h
net cooling eapaeity;capacity. As designed up to 0.9 for other systems.

Standard Design: 1.0 for all systems above 33,000 Btu/h net cooling capacity; 0.9 for other systems.
DESIGN OUTSIDE AR FLoWAIRFLOW
Applicability: All systems with outside air dampers.

Definition: The rate of outside air that needs to be delivered by the system at design conditions. This input
may be derived from the sum of the design outside airflewairflow for each of the zones served by the
system.

Units: Cfm.

Input Restrictions: As designed but no lower than the ventilation rate of the standard design.

Standard Design: For healthcare facilities, same as the Proposed Design.

For systems serving laboratory spaces, the system shall be 100 percent outside air.

OUTDOOR AIR CONTROL METHOD

Applicability: All HVAC systems that deliver outside air to zones.

Definition: The method of determining the amount of outside air that needs to be delivered by the system.

Each of the zones served by the system report their outside air requirements on an hourly basis. The options
for determining the outside air at the zone level are discussed above. This control method addresses how the
system responds to this information on an hourly basis. Options include:

Average Flow - The outside air delivered by the system is the sum of the outside air requirement for
each zone, without considering the position of the VAV damper in each zone. The assumption is that
there is mixing between zones through the return air path.

Units: List (see above).

Input Restrictions: As-designedAverage fFlow.

Standard Design: Average fFlow.
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5.7.4.2 Air Side Economizers
EcONOMIZER CONTROL TYPE
Applicability: All systems with an air-side economizer

Definition: An air-side economizer increases outside air ventilation during periods when system cooling loads
can be reduced from increased outside aiflewairflow. The control types include:

. No economizer: No air-side economizer.

. Fixed dry-bulb:z The economizer is enabled when the dry-bulb temperature of the outside air is equal
to or lower than dry-bulb temperature fixed setpoint (e.g., 75°F).

. Differential dry-bulb:z The economizer is enabled when the dry-bulb temperature of the outside air is
lower than the return air dry-bulb temperature.

. Differential enthalpy:= The economizer is enabled when the enthalpy of the outside air is lower than
the return air enthalpy.

. Differential dry-bulb and enthalpy:: The system shifts to 100 percent outside air or the maximum
outside air position needed to maintain the cooling SAT setpoint, when the outside air dry-bulb temperature
is less than the return air dry-bulb temperature AND the outside air enthalpy is less than the return air
enthalpy. This control option requires additional sensors.

Units: List (see above)
Input Restrictions: As designed

Standard Design: The control should be no economizer when the standard de5|gn net coolmg capauty is less
than 33,000 Btu/hzerthe-standard-desisnis ai=to-water-heatpump-with-{o gepine-fan-—cally cibe— and-DOA

eﬂé&%@ﬁem#%a&éé;—and when the standard design coollng system isnota computer room sxste =8
handhngunit{CRAHY. Otherwise, the standard design shall assume an integrated fixed dry-bulb economizer.

If the following exceptions apply, the standard design systems shall not include an economizer:

—sSystems serving multifamily dwelling units

or hotel/motel guestroom occupancies.

Systems serving healthcare facilities with Standard Design net cooling capacity less
than 54,000 Btu/h where ventilation is provided by a DOAS with heat recovery.

o Anexeeption-When the proposed de5|gn mcludes a mechanical system for anfet individual computer
room_zone=air-eenditiorer{ERACservesindiv ideal-cof mputerrooms= with an ITE design load under 18

ther cooling systems in the I ed design do not have an economizer. If the
cgmglignce scope is Partial Mechanical this exception only applies if the computer room zone has a
I e tem and all coolin tems included in the pr ed mechanical scope (including the
computer room) do not have economizers. If the computer room zone does not have a proposed

system specified, both the proposed and standard design have an integrated fixed dry-bulb
economizer.
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sSingle zone unitary air conditioner and heat pumps ir
a%eﬁ%wmh rated coollng capacity less than 54,000Btu/hr if the compliance scope is Addition
and/or Alteration.

For healthcare facilities, DOAS with heat recovery
kaving a fixed dry-bulb economizer.

shall be assumed to have

ECONOMIZER INTEGRATION LEVEL

Applicability: Airside economizers.

Definition: This input specifies whether or not the economizer is integrated with mechanical cooling. It is up
to the compliance software to translate this into software-specific inputs to model this feature. The input
could take the following values:

e Non-integrated - The system runs the economizer as the first stage of cooling. When the e

e onomizer is unable to meet the load, the economizer returns the outside air damper to the minimum
position and the compressor turns on as the second stage of cooling.

e Integrated - The system can operate with the economizer fully open to outside air and mechanical cooling
active (compressor running) simultaneously, even on the lowest cooling stage.

Units: List (see above).

Input Restrictions: List non-integrated or integrated.

Standard Design: Integrated for systems above capacity 33,000 Btu/h net cooling capacity.
ECONOMIZER HIGH TEMPERATURE LOCKOUT

Applicability: Systems with fixed dry-bulb economizer.

Definition: The outside air setpoint temperature above which the economizer will return to minimum
position.

Units: Degrees Fahrenheit (°F).
Input Restrictions: As designed.

Standard Design: The required high temperature lockout is based on Table 140.4-G for fixed dry bulb device
types. For computer rooms with containment, the economizer shall have a fixed dry-bulb high limit of 80°F.

e C(Climate Zones 1, 3, 5, 11-16 —FemperatureFo.>75 °F
e Climate Zones 2, 4, 10 —FemperatureFo.~>73 °F

e Climate Zones 6, 8, 9 - TemperatureFo.>71 °F

e Climate Zone 7 - TemperatureF..~>-69 °F

ECONOMIZER LOow TEMPERATURE LOCKOUT
Applicability: Systems with air-side economizers

Definition: A feature that permits the lockout of economizer operation (return to minimum outside air
position) when the outside air temperature is below the lockout setpoint.
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Units: Degrees Fahrenheit (F°)

Input Restrictions: As designed

Standard Design: Fer-healtheare-faciities DOAS-with-heatrecovery-55—F-Foral-ethers;45-FNot applicable.
ECONOMIZER HIGH ENTHALPY LOCKOUT

Applicability: Systems with differential enthalpy economizers.

Definition: The outside air enthalpy above which the economizer will return to minimum position.

Units: Btu/Ib.

Input Restrictions: As designed.

The default is 28 Btu/lb (high altitude locations may require different setpoints.) The compliance software
shall apply a fixed offset and add 2 Btu/Ib to the user-entered value.

Standard Design: Not applicable.

5.7.4.3 Pumped Refrigerant Economizers
MPUTER ROOM PUMPED REFRIGERANT ECONOMIZER

Applicability: Computer room air conditioner systems with pumped refrigerant economizers (PRE).

Definition: PRE systems provide partial cooling without the use of the computer room air conditioner system’s

compressor(s). If enabled, the economizer effect is embedded in PRE specific i erformance

curves for cooling capacity and efficiency (Appendix 5.7).

Units: Boolean, true or false.

Input Restrictions: Only systemss with PRE serving computer rooms may enable this function. No other
economizer types may be used in combination with PRE and all other economizer inputs in this section are
not applicable to PRE systems.

Standard Design: Not applicable.

5.7.5 Cooling Systems
5.7.5.1 General
This group of building descriptors applies to all cooling systems.

COOLING SOURCE

Applicability: All systems.

Definition: The type of cooling for the system.
Units: List

e chilled water,
e direct expansion (DX), or
e VRF.
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Input Restrictions: As designed. When a system has a ‘heat pump’ heating coil type, the system shall also
include a DX cooling coil. For VRF systems, the VRF coil type should be specified.

Standard Design: For healthcare facilities, same as the proposed design. For all others refer to the HVAC
system map in Chapter 5.1.32 HVAC System Map for the prescribed type.

Standard Design: Existing Buildings: Same as proposed for existing, unaltered systems.

GROSS TOTAL COOLING CAPACITY
Applicability: All cooling systems.

Definition: The total gross cooling capacity (both sensible and latent) of a cooling coil or packaged DX system
at AHRI conditions. The building descriptors defined in this chapter assume that the fan is modeled
separately, including any heat it adds to the air stream. The cooling capacity specified by this building
descriptor should not consider the heat of the fan.

Units: Btu/h.

Input Restrictions: As designed for systems with chilled water coils. For DX coils, calculated by program from
net capacity.

For computer room air conditioner, (CRAC) gross total cooling capacity is equal to gross sensible coolin
capacity.

For other packaged or VRF equipment thathaswith the fan motor in the air stream such that it adds heat to
the cooled air, the compliance software shall calculate the net total cooling capacity as follows:

Of"‘npt"‘rnt'pﬁ = Ot"g‘rncc"rnt'prl — Ofn-n"rnf‘ari

Where:

Q. netratea — The net total cooling capacity of a packaged unit as rated by AHRI (Btu/h)
Q. grossxatea — The grossAHRIrated-total cooling capacity of a packaged unit (Btu/h) Qfen,rated; the heat
generated by the fan and fan motor (if fan motor is in airstream) at AHRI rated conditions

For CRAC systems, the fan heat at AHRI 1360 rated conditions is calculated based on the user input fan power
at rated conditions as follows:

Qfanratea(Btu/hr) = FanPoweryqteqyser (kW) X 3412
For_all other DX coils, the fan heat at rated conditions shall be accounted for by using the equation below:
= x 0.0415
This equation is based on an AHRI rated fan power of 0.365 W/cfm, and a cooling airflow of 400 cfm/ton.

Standard Design: For healthcare facilities, the gross total cooling capacity is the same as the Proposed Design
with an adjustment to account for fan heat of the Standard Design. For all others, the capacity of the systems
in the standard design is determined from a sizing run. See Chapter 2.6.2. Sizing Equipment in Standard

Design.

GROSS SENSIBLE COOLING CAPACITY
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Applicability: AHeeetingsystemsComputer room air conditioner (CRAC).

Definition: The gross sensible cooling capacity of the coil or packaged equipment at AHRI_1360 rated
conditions. The building descriptors defined in this chapter assume that the fan is modeled separately,
including any heat it adds to the air stream. The cooling capacity specified by this building descriptor should
be adjusted to calculate the net sensible cooling capacity, which includes the effect of fan motor heat.

The sensible heat ratio (SHR) used by some energy simulation tools can be calculated from the sensible
cooling capacity and total cooling capacity:

SHR = sensible cooling capacity/total cooling capacity
Units: Btu/h.
Input Restrictions: Not inputAs-designed-.

rackages SIS =tThe compliance software agjusts-calculates the-userdnputef gross sensible
cooling capauty to account for the effect of fan motor heat as follows:

Qs,gross,rated = Qs,net,rated + Qfan,rated
Where:

Qs net,rated: The AHRI rated net sensible cooling capacity (Btu/h)

Qt gross,rated: The AHRI rated gross sensible cooling capacity (Btu/h)

Qran,rated: The heat generated by the fan motor at AHRI rated conditions (Btu/h). Calculated as fan
power at AHRI rated conditions times 3.412. See rated fan power building descriptor for details.

Because the rating condition of CRAC units is based on AHRI 1360 and the performance curves in Appendix
5.7, used by CRAC and other HVAC system types, are normalized to AHRI 210/240 conditions, the CRAC gross
capacity must be adjusted as follows:

Q L — Qs.gross.rated
SITOSSSI " Curvecap temp (AHRI 1360 condition)

Where:

Qs gross,sim- Ihe simulated gross sensible cooling capacity (Btu/h)

Curveqp temp: The output of capacity adjustment curve as a function of temperature.
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ace 3 ands sratke =tThe capacity of the
systems in the standard design is determlned from a sizing run. See Chapter 2.6.2. Sizing Equipment in
Standard Design.

NET TOTAL LING CAPACITY

Applicability: All systems with DX coils except computer room air conditioners.

Definition: The total net cooling capacity (both sensible and latent) of a cooling coil or packaged DX system at

AHRI rated conditions from manufacturers’ literature. The cooling capacity specified by this building
descriptor should account for fan heat.

Units: Btu/h.
Input Restrictions: As designed.
Standard Design: Not applicable.

NET SENSIBLE LING CAPACITY

Applicability: Computer room air conditioner (CRAC).

ondltloner at the AHRI 1360 rated condmon from manufacturers literature. The cooling capacity specified
by this building descriptor should account for fan heat.

Units: Btu/h.

Input Restrictions: As designed.

Standard Design: Not applicable.

GROSS TOTAL COOLING CAPACITY CURVE
Applicability: All cooling systems.

Definition: A curve that represents the available total cooling capacity as a function of cooling coil and/or
condenser conditions. The common form of these curves is given as follows:

Of',n-nnilnhlp = CAPF"T‘ X Or,nﬁj

For air-cooled direct expansion:

CAPgr = a+ b(t,p) + c(tup)® + d(togn) + e(togn)? + f(tup X togn)

For water-cooled direct expansion:

CAPF"T' =a + b(tulh) + C(tulh)z + d(tulf') + e(tulf)z + f(tulh X twf)

For chilled water coils:

CAPgr = a + b(t,,) + c(typ)? + d(tap) + e(tgp)® + f(tup X tap)

Where:
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* Q. auaitanie — Available cooling capacity at specified evaporator and/or condenser conditions (MBH)
e 0Q,.4 — Adjusted capacity at AHRI conditions (Btu/h)

. CAPg; — A multiplier to adjust Qt,ad

e t,, — The entering coil wet-bulb temperature (°F)

e tg, — The entering coil dry-bulb temperature (°F)

e t,, — The water supply temperature (°F)

e t.4, — The outside air dry-bulb temperature (°F)

Note: If an air-cooled unit employs an evaporative condenser, t, 45 is the effective dry-bulb temperature of
the air leaving the evaporative cooling unit.

Compliance software may represent the relationship between cooling capacity and temperature in ways
other than the equations given above.

Units: Data structure.

Input Restrictions: Where applicable, curves are prescribed based on system type, see Appendix 5.7.
Standard Design: Use the default curves or equivalent data for other models.

CoIL LATENT MODELING METHOD

Applicability: All DX cooling systems.

Definition: The method of modeling coil latent performance at part-load conditions.
Units: List.

Input Restrictions: One of the following values:

Bypass factor — used by DOE-2 based programs.

NTU-effectiveness — used by EnergyPlus.

Standard Design: Same as proposed.

RATED FAN POWER

Applicability: Computer room air conditioner (CRAC).

Definition: The power of the supply fan of the computer room air conditioner at the AHRI 1360 rated
condition.

Units: kW.
Input Restrictions: Same as the reported value in the product document.

Standard Design: When the standard design system is a computer room air conditioner the rated fan power is
0.58 W/CFM (approximate value of 27 W/kBtu-h of net sensible cooling capacity assuming design air flow
rate is based on 20°F temperature differential between supply air and room air).
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5.7.5.2 Hydronic/Water-Source Cooling Coils

DESIGN WATER FLOW RATE

Applicability: Chilled water coils and water cooled DX coils.

Definition: The design flow rate of the chilled water coil or the condenser coil of a water-source heat pump.
Units: Gallons per minute (gpm).

Input Restrictions: None. Default based on gross capacity of the chilled water coil or heat rejection load of a
water-source heat pump coil at the design deltaT of the attached hydronic loop.

Standard Design: For healthcare facilities, same as the Proposed Design. For all ethersbaseline systems with
chilled water coils, nretapplicabledefault based on gross capacity at the design deltaT of the attached
hydronic loop as follows.

FlowRate_,;; = _Capacitycoir
500.19XAT 50p
Where:
e ———FlowRate,,; — Chilled water coil water flow rate (gpm)
e ————Capacity,,; — Chilled water coil gross capacity (Btu/h)
e ———AT,,, —the design deltaT of the attached hydronic loop (°F)

DESIGN PRESSURE DROP
Applicability: Chilled water coils and water cooled DX coils.

Definition: The design pressure drop through the chilled water coil or the condenser coil of a water-source
heat pump._For coils with water-source condensers, the pressure drop is used to calculate the simulated
energy input ratio (EIR) by removing the power consumed by pumps from the rated Energy Efficiency Ratio
(EER). For all other water coils, this property does not affect the simulation of the coil or fluid system, it is
used as a reference or reporting only.

Units: Feet of water (ftH20).
Input Restrictions: None. Default to 5ft.
Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.

5.7.5.3 Direct Expansion
DIRECTEXPANSION-COOLINGENERGY EFFICIENCY RATIO (EER/EER2)

Applicability: All DX cooling systems_except variable refrigerant flow (VRF) systems.

Definition: The Energy Efficiency Ratio (EER) is the cooling efficiency of a direct expansion (DX) cooling system
at AHRI rated-rating conditions as a ratio of output over input in Btu/h per W, excluding fan energy.
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For all unitary and applied equipment where the fan energy is part of the equipment efficiency rating, the
EER shall be adjusted as follows:

Qt,net,rated + Qfan,rated

EERgy; =

Ut netrated _ Ufan,rated

EER 3413 PUmMpPWrigteq

Where:

EER,,; - The adjusted EER for simulation purposes

EER - The rated EER

Q. neeratea - The AHRI rated total net cooling capacity of a packaged unit (kBtu/h)

Qanratea - The AHRI rated fan energy, specified in the gross total cooling capacity building descriptor
(Btu/h).

PumpPwr,.,.., — The AHRI rated pump power (Watts). Only applicable to packaged water-source
heat pumps

Units: Btu/h-W.

Input Restrictions: As designed, except that the user-entered value must meet mandatory minimum
requirements of the Energy Code for the applicable equipment type. For packaged equipment with cooling
capacity less than 65,000 Btu/h, specify the EER/EER2 along with the SEER/SEER2 when available from
manufacturer’s literature or AHRI certificate. For equipment with capacity above 65,000 Btu/h that are
required to have a EER/EER?2 rating, the EER/EER2 must be specified.

When EER/EER2 is not available for packaged equipment with SEER/SEER2 ratings (AHRI cooling capacity of
65,000 Btu/h or smaller), it shall be calculated as follows:

EER = MIN(—0.0194 X SEER? + 1.0864 x SEER, 13)

The default EER/EER2 shall be calculated by the equation above but constrained to be no greater than 13. For
SEER2 rated systems, Netice-that-we first convert SEER2 is first converted to SEER using converstions listed
below, and then to-SEER is used in the equation above for before-calculating EER.from-SEERformodeling:

Evaporative cooling systems that pass the requirements of the Western Cooling Challenge may be modeled
with an EER/EER2 as if the equipment were packaged unitary equipment. See Chapter 5.7.5-3 Evaporative
Cooler.

A conversion factor is used to convert EER2 to EER2 ratings for modeling. For all aireenditionerscooling
equipment the conversion factor is 1/0.96 to convert EER2 to EER2. A conversion factor is used to convert
SEER2 to SEER2 ratings for modeling. For split-system equipment the conversion factor is 1/0.95; for single-
package equipment the conversion factor is 1/0.96; - for small-duct high-velocity the conversion factor is
1.00; and for space-constrained equipment the conversion factor is 1/0.99 to convert SEER2 to SEER2.

Standard Design: Use the minimum cooling efficiency (EER/EER2) from the Energy Code for the applicable
equipment type.

SEASONAL ENERGY EFFICIENCY RATIO (SEER/SEER2)
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Applicability: DX equipment with AHRI cooling capacity of 65,000 Btu/h or smaller

Definition: The seasonal energy efficiency ratio (SEER/SEER2) is a composite rating for a range of part-load
conditions at specific ambient conditions.

Units: Btu/h-W.
Input Restrictions: As designed.

This input is required for packaged DX systems less than 65,000 Btu/h that are required to have a SEER/SEER2
rating. A conversion factor is used to convert SEER2 to SEER2 ratings for modeling. For split-system equipment
the conversion factor is 1/0.95; for single-package equipment the conversion factor is 1/0.96; for small-duct
high-velocity the conversion factor is 1.00; and for space-constrained equipment the conversion factor is
1/0.99 to convert SEER2 to SEER2.

Standard Design: Use the minimum SEER. The standard design system 1 is assumed to use 1-phase power,
otherwise the standard design uses 3-phase power.

INTEGRATED ENERGY EFFICIENCY RATIO (IEER)
Applicability: DX equipment with AHRI cooling capacity of 65,000 Btu/h or greater.

Definition: Faistis-atEERan-IFER #hatis a composite rating for a range of part-load conditions and different
ambient conditions. The rating is determined according to AHRI procedures. Equipment with this rating is
subject to mandatory minimum requirements.

This input is currently only used for mandatory minimum efficiency checks.
Units: Btu/h-W.

Input Restrictions: As designed, the user-entered value must meet mandatory minimum requirements of the
Energy Code for the applicable equipment type.

Standard Design: Not applicable.
DIRECT EXPANSION COOLING EFFICIENCY TEMPERATURE ADJUSTMENT CURVE
Applicability: DX equipment.

Definition: A curve that varies the cooling efficiency of a direct expansion (DX) coil as a function of evaporator
conditions, and condenser conditions.

For air-cooled DX systems:

EIRgr =a+b(t,,) + C(turh)z +d(togp) + e(tn/ih)z + () Eogn)

For water-cooled DX systems:

ElRpr = a+ b(tyy) + c(twp)? + d(tu,) + e(tuwe)? + f(tuwy) (tuwe)

P ing =P EIR EIR CAP,

Where:
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e EIR:p,, - Part-load ratio based on available capacity (not rated capacity)

e EIR;; - A multiplier on the EIR to account for the wet-bulb temperature entering the coil and the
outdoor dry-bulb temperature, or the wet-bulb temperature entering the coil and the water supply
temperature.

e t,, - The entering coil wet-bulb temperature (F)

e t,. - The water supply temperature (F)

e t,4 - The outside-air dry-bulb temperature (F)

e P...q- Rated power draw at AHRI conditions (kW)

®  Pperaing - POWer draw at specified operating conditions (kW)

e CAPg; - A multiplier to adjust cooling capacity?

Units: Data structure.
Input Restrictions: Where applicable, curves are prescribed based on system type, see Appendix 5.7.

For all systems except packaged DX units with cooling capacity equal to or less than 65,000 Btu/h, use default
curves from Appendix 5.7. For packaged DX units with cooling capacity equal to or less than 65,000 Btu/h
that have SEER/SEER2 ratings, the user inputs EER/EER2 and SEER/SEER2, or if EER/EER2 is not known, it is
calculated using the equation in BirectExpansion-Cooling Energy Efficiency Ratio (EER/EER2) section. The
compliance software generates the nine bi-quadratic equipment performance curve points (67, 95, 1.0*; 57,
82, NE|R57132; 57, 95, NE|R57,95; 57,110,NE|R57,110,' 67, 82, NE|R57, 82, 67,110, NE|R57I110; 77, 82, NE|R77132,' 77, 95,
NEIR77,95; and 77,110, NEIR77, 110) based on SEER/SEER2 and EER/EER2 inputs and the following formulas.

*At ARl Test Condition, the curve output should be 1.0

NEIRwsrops represents the normalized energy input ratio (EIR) for various entering wet-bulb (EWB) and
outside dry-bulb (ODB) temperatures. The value represents the EIR at the specified EWB and ODB conditions
to the EIR at standard ARI conditions of 67°F wet-bulb and 95°F dry-bulb. The COOL-EIR-FT curve is
normalized at ARI conditions of 67°F entering wet-bulb and 95°F outside dry-bulb so NEIR67,95 is one or
unity, by definition. For other EWB and ODB conditions, values of NEIR are calculated with Equation below.

EIREWB,ODB

NEIRF‘MIR'/)DR =
LETKg7 95

The energy input ratio (EIR) is the unitless ratio of energy input to cooling capacity. EIR includes the
compressor and condenser fan, but not the supply fan. If the energy efficiency ratio EERnf (EER excluding the
fan energy) is known for a given set of EWB and ODB conditions, the EIR for these same conditions is given by
Equation below.

3.413

EIRJ:‘M/n,nnn =
EERNJEwB 0DB

If the EER (including fan energy) is known for a given set of EWB and ODB conditions, then the EERnf (no fan)
can be calculated from Equation N2-1Eguat et -1 below.

Equation N2_1 EERan‘M/R'nnR = 1.04‘52 x EERF‘M/R,{}DR
+0.0115 X EERgyp opp*
+0.000251 X EERgyp opp°
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The EER for different EWB and ODB conditions. These are given by the following equations.

Equaﬁon NZ—;_E EERA'7,Q’) = SEER EERs, 5 —SEER

Equation N2-333 EER,; o5 = From Manufacuters Data [when available]

EERg7 95 = 10 — (11.5 — SEER) X 0.83 [Default for SEER < 11.5]

EER¢7 o5 = 10 [default for SEER>11.5]

EERg7 95 = FromManufacturers Data  [when available]

=10 [default for SEER >11.5]

Equation N2-éﬂ=4 EERA7,11{] = EER[,'7,QI: — 1855%1155%—1—8'

Equation NZ'Q%_—EER:Zan = 0877 X EERR7:nnO'EERW0336978mEERETDDB'

Equation N2'§§6 EER77'an = 1.11 X EERF‘7:nnO'EER7TO‘D‘Bi1-_14'X‘EER6TUDB'

A conversion factor is used to convert EER2 to EER2 ratings for modeling. For all air conditioners the
conversion factor is 1/0.96 to convert EER2 to EER2. A conversion factor is used to convert SEER2 to SEER2
ratings for modeling. For split-system equipment the conversion factor is 1/0.95; for single package
equipment the conversion factor is 1/0.96; for small-duct high-velocity the conversion factor is 1.00; and for
space-constrained equipment the conversion factor is 1/0.99 to convert SEER2 to SEER2.

Standard Design: Use prescribed curves as described above.
NUMBER OF COOLING STAGES
Applicability: Single zone VAV systems and DX systems with multiple stages.

Definition: This applies to single zone VAV and any HVAC systems with multiple compressors or multiple
discrete stages of cooling. This system is a packaged unit with multiple compressors and a two-speed or
variable-speed fan.

Units: None (Integer).
Input Restrictions: As designed, but systems with more than 2 stages will be modeled with 2 stages.

Standard Design: The standard design shall be two for the single zone VAV baseline and packaged VAV
baseline.

ToTAL COOLING CAPACITY RATIO BY STAGE
Applicability: Single zone VAV systems and DX systems with multiple stages.

Definition: This provides the total cooling capacity of each cooling stage, at AHRI rated conditions. The
capacity is expressed as an array, with each entry a fraction of the total rated cooling capacity for the unit. For
example, if the stage cooling capacity is 4 tons (48,000 Btu/h) and the total cooling capacity is 8 tons (96,000
Btu/h), the capacity is expressed as “0.50” for that stage.
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Units: Array of fractions.
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, the default shall be
(0.50, 1) for the single zone VAV baseline.

CONDENSER TYPE

Applicability: All direct expansion systems including heat pumps.
Definition: The type of condenser for a DX cooling system.

The choices are:

Air-cooled
Water-cooled

Units: List (see above).
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, based on the
prescribed system type.

Refer to the HVAC System Map in Chapter 5.1.32 HVAC System Map

CRANK CASE HEATER KW

Applicability: Air conditioners.

Definition: The capacity of the electric resistance heater in the crank case of a direct expansion (DX)
compressor. The crank case heater operates only when the compressor is off.

Units: Kilowatts (kW).

Input Restrictions: Where applicable, the value is prescribed to be 10 W per ton (rated net cooling capacity).

Standard Design: Where applicable, the value is prescribed to be 10 W per ton (rated net cooling capacity).

CRANK CASE HEATER SHUTOFF TEMPERATURE

Applicability: All air source heat pumps and air conditioners.

Definition: The outdoor air dry-bulb temperature above which the crank case heater is not permitted to
operate.

Units: Degrees Fahrenheit (°F).

Input Restrictions: Where applicable, the value is prescribed to be 50°F.

Standard Design: Where applicable, the value is prescribed to be 50°F.

SUPPLEMENTARY DX COOLING UNIT
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Applicability: Required when no cooling system is specified, or can be added by the user when a zone has
excessive unmet cooling load hours.

Definition: A supplementary DX cooling system that only operates when the thermostat cooling setpoint is
not maintained by the proposed space conditioning equipment.

Units: bistNone.

Input Restrictions: The compliance software shall define the following prescribed system characteristics:
Cooling capacity — Auto-sized by compliance software.

System airflow — Auto-sized by compliance software.

Fan power — None, system is assumed to cycle on fan/compressor only when cooling is needed.

Efficiency — Minimum value specified by the Energy Code for a packaged DX system, based on the calculated
net cooling capacity and assuming 3-phase equipment. No adjustment of efficiency for rated fan heat
because system fan cycles on only when cooling coil is energized.

Economizer - none
Design supply air temperature - 55°F
Supply air temperature control - None

Standard Design: Not applicable. With the exception of atke qualified Heatrg-Onrbr-System-kh eahng onlx
Ssystem which ha&ls modeled with a system sized to meet the cooling load.-ea

NET SENSIBLE EFFICIENT OF PERFORMANCE (NSENCOP

Applicability: Computer room air conditioner (CRAC)

Definition: A dimensionless ratio of the Net Sensible Cooling Capacity to the total

reheaters and humidifiers) at AHRI 1360 rated conditions. NSenCOP must be adjusted as follows to determine
the simulated COP:

Qs,net,rated + Qfan,rated

COPyiy = X Curvegg temp(AHRI 1360 condition)

Qs,net,rated _
NSenCOP Qfan,rated

Where:

CO Py, : The coefficient of performance for simulation purposes

Qs netratea:The net sensible cooling capacity, see the corresponding descriptor.

Qfanratea:The heat generated by the fan and fan motor at AHRI 1360 rated conditions (Btu/h).
Which is calculated as fan power at AHRI 1360 rated conditions times 3.412. See the rated fan power
building descriptor.

Curvegg temp:The output of Energy Input Ratio (EIR) adjustment curve as a function of
temperature.
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Units: Unitless.

Input Restrictions: As designed.

Standard Design: Federal minimum efficiency for floor-mounted (downflow) configuration.

5.7.5.4 Evaporative Cooler

This is equipment that cools without the use of a vapor compression cycle. This equipment is not applicable
for the standard design.

A supplementary DX cooling unit will be added to the zone if evaporative cooling is the only cooling source.
See Chapter 5.7.5=2 Direct Expansion.

EVAPORATIVE COOLING TYPE
Applicability: Systems with evaporative cooling.
Definition: The type of evaporative cooler, including:
Nen-integrated-direct
Nen-integrated-indirect
_ Nemi tod-direct ndirect

An integrated cooler can operate together with compressor or chilled water (CHW) cooling. A non-integrated
cooler will shut down the evaporative cooling whenever it is unable to provide 100 percent of the cooling
required.

Units: List, see above.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
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DIRECT STAGE EFFECTIVENESS
Applicability: Systems with evaporative cooling.
Definition: The effectiveness of the direct stage of an evaporative cooling system. Effectiveness is defined as:

Tdb - Tdirect
DiT'eCtm:-p =

Tap = Twp
Where:

Directgpp - The direct stage effectiveness

T, - The entering air dry-bulb temperature

T... - The entering air wet-bulb temperature

T 4ioce - The direct stage leaving dry-bulb temperature

Units: Numeric (0 < EFF <1).

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
INDIRECT STAGE EFFECTIVENESS

Applicability: Systems with evaporative cooling.

Definition: The effectiveness of the indirect stage of an evaporative cooling system. Effectiveness is defined
as:

Tdb - Tindirect
ITldiTeCtppp =

Tap — Twp
Where:

e Indirectggp - The indirect stage effectiveness

e T, - The entering air dry-bulb temperature

e T,, - The entering air wet-bulb temperature

o Ti.airece - The indirect stage leaving dry-bulb temperature

Units: Numeric (0 < EFF <1).

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
EVAPORATIVE COOLING PERFORMANCE CURVES

Applicability: Systems with evaporative cooling.

Definition: A curve that varies the evaporative cooling effectiveness as a function of primary air stream
airflow. The default curves are given as:

CFMoperating
LF Mdesign

PLR =
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EFFepioww=a+ b(PLR) + C(PLR)Z

Where:

e PLR - Part load ratio of airflow based on design airflow

e EFF.; o - A multiplier on the evaporative cooler effectiveness to account for variations in part load
o CFM peraing - Operating primary air stream airflow (cfm)
o CFM g, - Design primary air stream airflow (cfm)

Units: Data structure.

Input Restrictions: User may input curves or use default curves. If defaults are overridden, the compliance
software must indicate that supporting documentation is required on the output forms.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
AUXILIARY EVAPORATIVE COOLING POWER
Applicability: Systems with evaporative cooling.

Definition: The auxiliary energy of the indirect evaporative cooler fan, and the pumps for both direct and
indirect stages.

Units: Watts.
Input Restrictions: As designed.
Standard Design: Not applicable.

DEWPOINT EFFECTIVENESS

Applicability: Systems with indirect evaporative cooling.

Definition: The effectiveness of the evaporative cooler based on dewpoint depression. This is an optional
input which determines the maximum leaving air temperature based on dewpoint depression rather than
wet-bulb depression. The leaving air temperature calculated with the dewpoint effectiveness will be the
entering temperature minus the difference between the entering dry-bulb and dewpoint temperatures
multiplied by the effectiveness,

Tindirect = Tap — (Trlh - po) X _Dewpointgpg
Where:

e Dewpointgg; - The dewpoint effectiveness

e T, - The entering air dry-bulb temperature

e T4, - The entering air dewpoint temperature

o Ti.airece -~ The indirect stage leaving dry-bulb temperature

Touwe = Tap = (Tap — Tap) X Ef fFout-="Tdb— (Tdb-— Tdp}x Eff

The actual leaving temperature will be the warmer of the two temperatures calculated from the wet-bulb and
dewpoint effectiveness values.

Units: Unitless.
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Input Restrictions: As designed.

Standard Design: Not applicable.

SECONDARY FAN FLOW RATE

Applicability: Systems with indirect evaporative cooling.

Definition: The flow rate of any integrated fan providing air to the secondary (wet) side of the indirect
evaporative cooler.

Units: cfm.

Input Restrictions: As designed.

Standard Design: Not applicable.

SECONDARY FAN TOTAL EFFICIENCY

Applicability: Systems with indirect evaporative cooling.

Definition: The overall efficiency of any integrated fan providing air to the secondary (wet) side of the indirect
evaporative cooler. This efficiency includes that of the fan, motor and drive.

Units: Unitless.

Input Restrictions: As designed.

Standard Design: Not applicable.

SECONDARY FAN STATIC PRESSURE

Applicability: Systems with indirect evaporative cooling.

Definition: The total static pressure of any integrated fan providing air to the secondary (wet) side of the
indirect evaporative cooler.

Units: inH20.

Input Restrictions: As designed.

Standard Design: Not applicable.

SECONDARY AIR SOURCE

Applicability: Systems with indirect evaporative cooling.

Definition: The primary source of air supplied to the secondary (wet) side of the indirect evaporative cooler.

If returnBEFURN is selected and=there the air system return air cannot meet the airflow desired by the
evaporative cooler, the difference will be made up using outdoor air.

Units: List. The options are

e Return
e Qutdoor
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Input Restrictions: As designed.

Standard Design: Not applicable.

5.7.5.5 Four-Pipe Fan Coil Systems

This chapter contains building descriptors required to model four-pipe fan coil systems.

Additional HVAC components (chiller, boiler, pumps) are needed to fully define this system. If a water-side
economizer is specified with this system, refer to Chapter 5.8.4 Water-side Economizers for a list of applicable
building descriptors.

CAapACITY CONTROL METHOD

Applicability: Four-pipe fan coil systems.

The following choices are available:

e Constant Speed Fan, Variable Fluid Flow_- The fan speed produces a fixed air flow rate whenever the
unit is scheduled on. The hot/chilled water flow rate is varied so that the unit output matches the
zone heating/cooling requirement.

e Cycling Fan_- The fan is cycled to match unit output with the load.

e Variable Speed Fan, Constant Fluid Flow_- The water flow rate is at full flow and the fan speed varies
to meet the load.

e Variable Speed Fan, Variable Fluid Flow_- both air and water flow rates are varied to match the load.

Units: List (with choices above).

Input Restrictions: Not a user input. It comes from building descriptors for fan control and chiller loop flow
control.

Standard Design: Not applicable.

RATED GROSS CAPACITY

Applicability: Four-pipe fan coil systems.

Definition: The gross cooling capacity of the cooling coil.
Units: Btu/h.

Input Restrictions: None.

Standard Design: For healthcare facilities, the same as the Proposed Design with an adjustment to account
for fan heat of the Standard Design. For all others, not applicable.

CoOLING CoIL DESIGN FLOW RATE

Applicability: Four-pipe fan coil systems and chilled beams.
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Definition: The design flow rate of the cooling coil

Units: Gallons per minute (gpm).

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.

5.7.5.6 Chilled Beams

Active and passive chilled beam systems may be modeled as four-pipe fan coils or similar system type if the
compliance software does not explicitly support chilled beams. In this case, the FPFC fan flow rate is based on
the induced airflowairflow rate of the beam and modeled with no fan power.

CHILLED BEAM NAME

Applicability: Chilled beams.

Definition: A unique name designating the chilled beam.

Units: None.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the proposed design. For all others, not applicable.
CHILLED BEAM TYPE

Applicability: Chilled beams.

Definition: Specification of the beam as active or passive.

Units: List:

Active
Passive

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the proposed design. For all others, not applicable.
DESIGN COOLING CAPACITY

Applicability: Chilled beams.

Definition: The designed cooling capacity of the chilled beam.

Units: Btu/h.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.

DESIGN CHILLED WATER TEMPERATURE

Applicability: Chilled beams.
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Definition: The minimum supplied chilled water temperature to the beam.

This is typically at least 2°F higher than the space dewpoint temperature at design conditions, to prevent
condensation.

Units: °F.

Input Restrictions: Not a user input. teemesfremBased on building descriptors for chiller loop control.Nene-

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
MAXIMUM CHILLED WATER TEMPERATURE
Applicability: Chilled beams.

Definition: The maximum supplied chilled water temperature to the beam. This allows for chilled water
temperature reset at the source.

Units: °F.

Input Restrictions: Should be equal to or greater than the design chilled water temperature.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
ACTIVE BEAM MAXIMUM PRIMARY FLOW RATE

Applicability: Chilled beams.

Definition: The design flow rate of the active fan.

Units: Cfm.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
AcTIVE BEAM INDUCED AIR RATE

Applicability: Active chilled beams.

Definition: The rate at which induced air is drawn through the chilled beam.

The total airflow across the beam is the sum of the maximum primary flow rate and the active beam induced
airflowairflow rate.

Units: Cfm.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, Not applicable.
AcHVEFAN-STATIC PRESSURE

\oolicability: Chillac ] .

Definition-Thedesi ‘4l e fan
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CHILLED BEAM HEATING CAPACITY

Applicability: Chilled beams.

Definition: The heating capacity of the chilled beam.

Units: Btu/h.

Input Restrictions: None; defaults to 1 if no heating.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
CHILLED BEAM HEATING SOURCE

Applicability: Chilled beam:s.

Definition: Defaults to electric resistance, whether there is heating provided by the beam or not.
Units: None.

Input Restrictions: Electric resistance.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.

CRANICCASEHEATERICW
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5.7.6 Heating Systems
5.7.6.1 General

HEATING SOURCE
Applicability: All systems that provide heating.
Definition: The source of heating for the heating coils. The choices are:

Hot water

Electric resistance

Electric heat pump

Gas furnace
—Oil-furnaee

VRF

Units: List (see above).

Input Restrictions: As designed. Electric heat pumps may have an additional coil to be used as supplemental
heat. See section below. Electric resistance heating system shall not be used for healthcare facilities space
heating unless ite meets one of the exceptions to Section 140.4(g) in the Energy Code.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, based on the
prescribed system type. Refer to sheHVACsysterm-map-ir-Chapter 5.1.32 HVAC System Map. For Alterations,
see Chapter5.1.4
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GROSS HEATING CoiL CAPACITY

Applicability: All systems with a heating coil.
Definition: The heating capacity of a heating coil or packaged heat pump at AHRI conditions.

For packaged or VRF equipment that has the fan motor in the air stream such that it adds heat to the supply
air, the compliance software shall calculate the net heating capacity as follows:

Net Heating Capacity = CapTotGrossRtd + FanHtRtd
Where:

o -Net Heating Capacity - The net total heating capacity of a packaged unit as rated by AHRI (Btu/h)
o CapTotGrossRtd - The gross heating capacity of a packaged unit (Btu/h)
o FanHtRtd - —Qnratee;itThe heat generated by the fan. See ‘Gross Cooling Capacity’

Units: Btu/h.
Input Restrictions: As designed.

Standard Design: For healthcare facilities, the gross total cooling capacity is the same as the Proposed Design
with an adjustment to account for fan heat of the Standard Design. For all other cases, the capacity is auto
sized, see Chapter 2.6.2 Sizing Equipment in the Standard Design.

Standard Design: Existing Building: Same as proposed if unaltered
5.7.6.2 Hydronic/Water-Source Heating Coils

DESIGN WATER FLOW RATE
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Applicability: Hot water coils and water-cooled DX coils.
Definition: The design flow rate of the hot water coil or the condenser coil of a water-source heat pump.
Units: Gallons per minute (gpm).

Input Restrictions: None. Default based on gross capacity of the hot water coil or cooling heat rejection load
of a water-source heat pump coil at the design deltaT of the attached hydronic loop.

Standard Design: For healthcare facilities, same as the Proposed Design. For-al-ethers,-hotapplicable:
baseline systems with hot water coils, default based on gross capacity at the design deltaT of the attached
hydronic loop as follows.

Capacit i
FlowRate,,; = —22tVcoil

500.T9XAT 50p
Where:

FlowRate_,;; — Hot water coil water flow rate (gpm)

Capacity,.,;; — Hot water coil gross capacity (Btu/h)

AT}p0p —the design deltaT of the attached hydronic loop (°F)

DESIGN PRESSURE DROP

Applicability: Hot water coils and water-cooled DX coils.

Definition: The design pressure drop through the hot water coil or the condenser coil of a water-source heat
pump.

Units: Feet of water (ftH20).

Input Restrictions: None. Default to 5ft.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
5.7.6.3 Furnace

FURNACE FUEL HEATING EFFICIENCY

Applicability: Systems with a furnace.

Definition: The full load thermal efficiency of either a gas or oil furnace at design conditions. The compliance
software must accommodate input in either thermal efficiency (Et) or annual fuel utilization efficiency (AFUE).
Where AFUE is provided, Et shall be calculated as:

E, = 0.0051427 X (FwrrAFUE +x 100) ¥} + 0.3989

Where:

AFUE - The annual fuel utilization efficiency (%)
E, - The thermal efficiency (fraction)
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Units: Fraction.
Input Restrictions: As designed.

Standard Design: Use the minimum heating efficiency from the Energy Code for the applicable equipment
type and capacity.

FURNACE FUEL HEATING PART LOAD EFFICIENCY CURVE
Applicability: Systems with a furnace.

Definition: An adjustment factor that represents the percentage of full load fuel consumption as a function of
the percentage full load capacity. This curve shall take the form of a quadratic equation as follows:

Fuelyariioqq = Fuel,g0q X FHeatPLC

FHeatPLC = a + b(Quarticad

Where:

FHeatPLC - The fuel heating part load efficiency curve

Fuel, .4 - The fuel consumption at part load conditions (Btu/h)
Qpartisaa - The capacity at part load conditions (Btu/h)

Q...:cq - The capacity at rated conditions (Btu/h)

Units: Data structure.
Input Restrictions: Where applicable, curves are prescribed based on system type, see Appendix 5.7.
Standard Design: Use prescribed curves as described above.

FURNACE IGNITION TYPE

Applicability: Systems that use a furnace for heating.

Definition: The method used to start combustion in fuel-fired furnaces. The options are:

e Intermittent Ignition Device
e Pilot Light

Units: List (see above).

Input Restrictions: As designed.

Standard Design: Intermittent Ignition Device.

FURNACE FUEL HEATING PILOT

Applicability: Systems that use a furnace fesheatng-with pilot light ignition for heating.

Definition: The fuel input for a pilot light on a furnace.
Units: Btu/h.

Input Restrictions: As designed.
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Standard Design: Zero (pilotless ignition).

FURNACE FUEL HEATING FAN/AUXILIARY

Applicability: Systems that use a furnace for heating.

Definition: The fan energy in forced draft furnaces and the auxiliary (pumps and outdoor fan) energy in fuel-
fired heat pumps.

Units: Kilowatts (kW).

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
5.7.6.4 Electric Heat Pump

ELECTRIC HEAT PUMP SUPPLEMENTAL HEATING SOURCE

Applicability: All heat pumps.

Definition: The auxiliary heating source for a heat pump heating system.

The common control sequence is to lock out the heat pump compressor when the supplemental heat is
activated. Other building descriptors may be needed if this is not the case. Choices for supplemental heat
include:

e Electric resistance
e Gas furnace
—Oil-furnace

e Hot water
—Other

Units: List (see above).
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the proposed design. For all others, refer to the HVAC
system map in Chapter 5.1.2 HVAC System Map for the prescribed type.

ELECTRIC HEAT PuMP HEATING EFFICIENCY

Applicability: All heat pumps_except AWHPs.

Definition: The heating efficiency of a heat pump at AHRI rated conditions as a dimensionless ratio of output
over input. The compliance software must accommodate user input of either the coefficient of performance
(COP) or the heating season performance factor (HSPF/HSPF2). Where HSPF/HSPF2 is provided, COP shall be
calculated as:

COP = (0.2778 X HSPF) + 0.9667

For all unitary and applied equipment where the fan energy is part of the equipment efficiency rating, the
COP shall be adjusted as follows to remove the fan energy:
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HCAPrated - Qfan,rated
3.413

HCAPrgreq _ Qranrated
COP x 3.413 3.413

COPy; =

Where:

COP_,; — The adjusted coefficient of performance for simulation purposes

COP — The AHRI rated coefficient of performance

HCAP,. ... — The AHRI rated heating capacity of a packaged unit (Btu/h)

Qanratea — The heat generated by the fan at AHRI rated conditions. See Gross Cooling Capacity

Units: Unitless.

Input Restrictions: As designed. A conversion factor is used to convert HSPF2 to HSPF2 ratings for modeling.
For split system, small-duct high-velocity, and space-constrained equipment, the conversion factor is 1/0.85
to convert HSPF2 to HSPF2. For single-package equipment, the conversion factor is 1/0.84 to convert HSPF2
to HSPF2.

Standard Design: Minimum heating efficiency form the Energy Code for the applicable equipment type.

AIR TO WATER HEAT PUMP RATED EFFICIENCY

Applicability: All AWHPs.

Definition: The heating efficiency of the AWHP (COP4) at full-load conditions.

Units: COP.

Input Restrictions: As designed.

Must meet minimum efficiency requirements.

Standard Design: 3.29.

Standard Design: Existing Buildings: Same as proposed design if unaltered. Same as newly constructed
buildings rules if altered or replacement.

ELECTRIC HEAT PUMP HEATING CAPACITY ADJUSTMENT CURVE(S)
Applicability: All heat pumps.

Definition: A curve or group of curves that represent the available heat-pump heating capacity as a function
of evaporator and condenser conditions. The default curves are given as:

0/117/1”/11119 = CAP FT X O‘rnfad

For air-cooled heat pumps:

CAP FT =a + b(tnrlh) + C(tnrlh)z + d(tnrlh)3

For water-cooled heat pumps:

CAP FT =a + b(trlh) + d(t\,nf‘)
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Where:

Q.aitanie — Available heating capacity at present evaporator and condenser conditions (kBtu/h)
ta, — The entering coil dry-bulb temperature (°F)

t,.. — The water supply temperature (°F)

t.qp — The outside-air dry-bulb temperature (°F)

Q,..:ca — Rated capacity at AHRI conditions (in kBtu/h)

Units: Data structure.

Input Restrictions: Where applicable, curves are prescribed based on system type, see Appendix 5.7.
Standard Design: Use prescribed curves as described above.

ELECTRIC HEAT PUMP HEATING EFFICIENCY ADJUSTMENT CURVE(S)

Applicability: All heat pumps_except AWHPs.

Definition: A curve or group of curves that varies the heat pump heating efficiency as a function of evaporator
conditions, condenser conditions and part-load ratio. The default curves are given as:

PLR = Qoperating

Uavaitable (Tab, Lodb/wt)

EIRzp,p = a+ b(PLR) + c(PLR)? + d(PLR)?

Air-Source Heat Pumps:

EIRgr =a+ b(t,gp) + C(tndh)z + d(tndh)3

Water-Source Heat Pumps:

EIRpr = a+ b(t\uf') +d(tgs)

P ing =P EIR EIR CAP,

Where:

PLR — Part-load ratio based on available capacity (not rated capacity)

EIR:p » — A multiplier on the EIR of the heat pump as a function of part-load ratio

EIR;; — A multiplier on the EIR of the heat pump as a function of the wet-bulb temperature entering
the coil and the outdoor dry-bulb temperature

Qoperaring — Present load on heat pump (Btu/h)

Q.vaitanie — Heat pump available capacity at present evaporator and condenser conditions (Btu/h)
tq, — The entering coil dry-bulb temperature (°F)

t,.. — The water supply temperature (°F)

t.ap — The outside air dry-bulb temperature (°F)

P..... — Rated power draw at AHRI conditions (kW)

P peraring — Power draw at specified operating conditions (kW)

Units: None.

Input Restrictions: Where applicable, curves are prescribed based on system type, see Appendix 5.7.
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Standard Design: Use prescribed curves as described above.

AIR TO WATER HEAT PuMP EFFICIENCY ADJUSTMENT CURVES
Applicability: All AWHPs.

Definition: A curve or group of curves that varies the heating efficiency of an AWHP as a function of
evaporator conditions and condenser conditions.

Multipass:

EIRpr = a + b(tpu) + c(tpwe)® + d(towp) + e(towp)? + f(Enme) (o)
Packaged:

EIRpr = a + b(tpyy) + c(tpur)? + d(toap) + e(toap)® + f(tnue) (toas)
Where:

thuwr — The hot water return temperature (°C)

twan — The outside air wet-bulb temperature (°C)

t,gp — The outside air dry-bulb temperature (°C)

Units: Data structure.

Input Restrictions: Curve coefficients are prescribed in Appendix 5.7 given the AWHP type.

Standard Design: Use Packaged curves specified in Appendix 5.7.

ELECTRIC HEAT PUMP SUPPLEMENTAL HEATING CAPACITY

Applicability: All heat pumps.

Definition: The design heating capacity of a heat pump supplemental heating coil.
Units: Btu/h.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the proposed design. For all systems with heat pumps,
auto-size, -refer to Chapter 2.6.2 Sizing Equipment in the Standard Design.

ELECTRIC SUPPLEMENTAL HEATING CONTROL TEMP
Applicability: All heat pumps.

Definition: The outside dry-bulb temperature below which the heat pump supplemental heating is allowed to
operate.

Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed; default to 40°F.
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Standard Design: For healthcare facilities, same as the Proposed Design. For buildings with heat pumps, no
lockout, supplemental heat is allowed to operate whenever the heat pump cannot meet the load
(supplemental gas heat), 405°F. For all other heat pumps 3540°F.

HEeAT PumMP COMPRESSOR MINIMUM OPERATING TEMP

Applicability: All heat pumps.

Definition: The outside dry-bulb temperature below which the heat pump compressor is disabled.
Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For dual-fuel heat pumps, 45 °F. For
all others heat pumps, 17 °F.

CoiL DEFROST

Applicability: Air-cooled electric heat pump.

Definition: The defrost control mechanism for an air-cooled heat pump.
The choices are:

Hot-gas defrost, on-demand

Hot-gas defrost, timed 3.5 minute cycle

Electric resistance defrost, on-demand

Electric resistance defrost, timed 3.5 minute cycle

Defrost shall be enabled whenever the outside air dry-bulb temperature drops below 40°F.
Units: List (see above).
Input Restrictions: Default to use hot-gas defrost, timed 3.5 minute cycle. User may select any of the above.

Standard Design: For healthcare facilities, same as the proposed design. For all other heat pumps, hot-gas
defrost, timed 3.5 minute cycle.

CoiL DEFROST KW

Applicability: Heat pumps with electric resistance defrost.

Definition: The capacity of the electric resistance defrost heater.

Units: Kilowatts (kW).

Input Restrictions: As designed; defaults to 0 if nothing is entered.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.

CRANK CASE HEATER KW

Applicability: All air source heat pumps.
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Definition: The capacity of the electric resistance heater in the crank case of a direct expansion (DX)
compressor. The crank case heater operates only when the compressor is off.

Units: Kilowatts (kW).

Input Restrictions: Where applicable, the value is prescribed to be 10 W per ton (rated net cooling capacity).
Standard Design: Where applicable, the value is prescribed to be 10 W per ton (rated net cooling capacity)
CRANK CASE HEATER SHUTOFF TEMPERATURE

Applicability: All air source heat pumps.

Definition: The outdoor air dry-bulb temperature above which the crank case heater is not permitted to
operate.

Units: Degrees Fahrenheit (°F).
Input Restrictions: Where applicable, the value is prescribed to be 50°F.

Standard Design: Where applicable, the value is prescribed to be 50°F.

5.7.7 Exhaust Air Heat Recovery

RECOVERY TYPE

Applicability: ~ All systems with airside heat recovery.

Definition: The type of heat recovery system.

Units: List: sensible, latent, or total (sensible and latent).

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design.

For all others, sensible if impacted based on requirements in 140.4(q) orssd 140.9(c)6. Not applicable for all
systems.

Standard Design: Existing Buildings: For healthcare facilities, same as the proposed design.

For all others, sensible if impacted based on requirements in 140.4(q)_orard 140.9(c)6. Not applicable for all
systems.

RECOVERY AIRFLOWAIRFLOW RATE

Applicability:  All systems with airside heat recovery.

Definition: The design ai~flewairflow rate through the heat recovery system.
Units: CFM.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design.
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For all others, equal to the design outdoor airflewairflow rate, and assume balanced flow if impacted based
on requirements in 140.4(q) oraad 140.9(c)6. Not applicable for all systems.

Standard Design: Existing Buildings: Assume balanced flow if impacted based on requirements in 140.4(q)
and 140.9(c)6. Not applicable for all systems.

EXHAUST AIR SENSIBLE HEAT RECOVERY EFFECTIVENESS
Applicability: Any system with outside air heat recovery.

Definition: The effectiveness of an air-to-air heat exchanger between the building exhaust and entering
outside air streams. Effectiveness is defined as:

EEAy, — ELAy,
EEAgp — USAgp

HREFF =

Where:

HREFF — The air-to-air heat exchanger effectiveness

EEA,, — The exhaust air dry-bulb temperature entering the heat exchanger
ELA,, — The exhaust air dry-bulb temperature leaving the heat exchanger
0SA4, — The outside air dry-bulb temperature

Units: Two unitless numbers (ratio between 0 and 1), separate for cooling and heating.
Input Restrictions: As designed.

Standard Design: For healthcare facilities, the sensible effectiveness is 60% if the Proposed Design has heat
recovery.

For all others, the sensible effectiveness is 60% if using for HVAC systems impacted based on requirements in
140.4(g) and 45% at heating design conditions and 25% at cooling design conditions if using HVAC systems
impacted based on requirements in 140.9(c)6. Not applicable for all systems.

Standard Design: Existing Buildings: The sensible effectiveness is 60% if using for HVAC systems impacted
based on requirements in 140.4(q)_and 45% at heating design conitions and 25% at cooling design conditions
if using for HVAC systems impacted based on requirements in 140.9(c)6. Not applicable for all systems.

EXHAUST AIR SENSIBLE PART-LOAD EFFECTIVENESS

Applicability: Any system with outside air heat recovery.

Definition: The effectiveness of an air-to-air heat exchanger between the building exhaust and entering
outside air streams at 75 percent of design airflow. Effectiveness is defined as:

EEAg, — ELAg,
EEZg, — OS54y,

HREFF =

Where:

HREFF — The air-to-air heat exchanger effectiveness

EEA;, — The exhaust air dry-bulb temperature entering the heat exchanger
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ELA 4, — The exhaust air dry-bulb temperature leaving the heat exchanger
0SA;, — The outside air dry-bulb temperature

Units: Two unitless numbers (ratio between 0 and 1), separate for cooling and heating.
Input Restrictions: As designed.

Standard Design: For healthcare facilities, the sensible effectiveness is 60% if the Proposed Design has heat
recovery.

For all others, the sensible effectiveness is 65% if using for HVAC systems impacted based on requirements in
140.4(q) and 45% at heating design conditions and 25% at cooling design conditions if using HVAC systems
impacted based on requirements in 140.9(c)6. Not applicable for all systems.

Standard Design: Existing Buildings: The sensible effectiveness is 65% if using for HVAC systems impacted
based on requirements in 140.4(q) and 45% at heating design conditions and 25% at cooling design
conditions if using HVAC systems impacted based on requirements in 140.9(c)6. Not applicable for all
systems.

EXHAUST AIR LATENT HEAT RECOVERY EFFECTIVENESS
Applicability: Any system with outside air enthalpy heat recovery.

Definition: The latent heat recovery effectiveness of an air-to-air heat exchanger between the building
exhaust and entering outside air streams. Effectiveness is defined as:

EEA,, — ELA,,
EEA,, — US4,

HREFF =

Where:

HREFF — The air-to-air heat exchanger effectiveness

EEA,, — The exhaust air humidity ratio (fraction of mass of moisture in air to mass of dry air) entering
the heat exchanger

ELA,, — The exhaust air humidity ratio leaving the heat exchanger

0SA,, — The outside air humidity ratio

Note: For sensible heat exchangers, this term is not applicable

Units: Two unitless numbers (ratio between 0 and 1), separate for cooling and heating.
Input Restrictions: As designed.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Not applicable.

EXHAUST AIR LATENT PART-LOAD EFFECTIVENESS

Applicability: Any system with outside air enthalpy heat recovery.

Definition: The latent heat recovery effectiveness of an air-to-air heat exchanger between the building
exhaust and entering outside air streams at 75 percent of design airflow. Effectiveness is defined as:

246



20252 ACM Reference Manual HVAC Primary Systems

EEA,, — ELA,,
EEA,, — US4,

HREFF =

Where:

HREFF — The air-to-air heat exchanger effectiveness

EEA,, — The exhaust air humidity ratio (fraction of mass of moisture in air to mass of dry air) entering
the heat exchanger

ELA,, — The exhaust air humidity ratio leaving the heat exchanger

0SA,, — The outside air humidity ratio

Note: For sensible heat exchangers, this term is not applicable.

Units: Two unitless numbers (ratio between 0 and 1), separate for cooling and heating.

Input Restrictions: As designed.

Standard Design: Not applicable.

HEAT RECOVERY ECONOMIZER LOCKOUT

Applicability: All systems with airside heat recovery.

Definition: A flag to indicate whether or not the heat recovery is bypassed when economizer is enabled.
Units: Boolean.

Input Restrictions: As designed.

Standard Design: For healthcare facilities heat recovery, energy recovery bypass during economizer
operation.

For all others, heat recovery bypass during economizer operation for HVAC systems impacted based on
requirements in 140.4(q) and 140.9(c)6. Not applicable for all systems.

Standard Design: Existing Buildings: The economizer is disabled for HVAC systems impacted based on
requirements in 140.4(q)_ and 140.9(c)6. Not applicable for all systems.

5.8 HVAC Primary Systems

5.8.1 Hydronic System Heating EquipmentBeilers

BOILER NAME
Applicability: All boilers.

Definition: A unique descriptor for each boiler, heat pump, central heating heat-exchanger, or heat recovery
device.
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Units: None.
Input Restrictions: User entry.
Where applicable, this should match the tags that are used on the plans for the proposed design.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, Boilers are only
designated in the standard design if the baseline system type uses hot water for space heating.

BOILER FUEL SOURCE

Applicability: All boilers. Not applicable to AWHP’s.
Definition: The fuel source for the central heating equipment.
The choices are:

Gas
—oH
Electricity

Units: List (see above).
Input Restrictions: As designed.
This input is restricted, based on the choice of boiler type, according to the following rules:

e Steam Boiler
o Electricity — n/a
o Gas—n/a
o Steam — Allowed
e Hot Water Boiler
o Electricity — n/a
o Gas — Allowed
o Steam —n/a

Standard Design: Feshe: ahthe: srefacHites same= as-the-ProposedDes ign—For aH-othersG: as=For healthcare

facilities with electric boilers the standard design systems will match the proposed design except for the fuel
type which is gas in the standard design. For all others, gas.

Standard Design: Existing Buildings: Same as proposed for existing, unaltered; same as newly constructed
buildings if altered.

BOILER TYPE

Applicability: All boilers.

Definition: Type of fluid used for heat transfer.
The choices are:

Hot Water
Steam
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Units: List (see above).
Input Restrictions: As designed.
Standard Design: For healthcare facilities, same as Proposed Design. For all others, Hot Water boiler.

Standard Design: Existing Buildings: Same as proposed for existing, unaltered; same as newly constructed
buildings if altered.

BOILER DRAFT TYPE

Applicability: All boilers.

Definition: How combustion airflow is drawn through the boiler.

The choices are Natural, Mechanical Noncondensing, or Condensing.

Natural draft boilers use natural convection to draw air for combustion through the boiler. Natural draft
boilers are subject to outside air conditions and the temperature of the flue gases.

Condensing boilers reclaim heat of condensation from water in the flue gas to achieve efficiencies of 90
percent. However, if the water entering the boiler (return water temperature) is too hot, then condensing
does not occur, and the boiler operates at efficiencies below 82 percent. Condensing boilers require a draft
fan to ensure airflow through the complex flue gas passages.

Units: List (see above).
Input Restrictions: As designed.
Standard Design: For healthcare facilities, same as the Proposed Design.

For gas-fired boilers in climate zones 1 through 6, 9 through 14 and 16 with rated capacity above 1 MMBtu/h
and less than 10 MMBtu/h, condensing boilers.

For all others, non-condensing.

NUMBER OF IDENTICAL BOILER UNITS
Applicability: All boilers.

Definition: The number of identical units for staging.
Units: Numeric: integer.

Input Restrictions: As designed; default is 1.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others the Standard Design
shall have one boiler when the standard design plant serves a conditioned floor area of 15,000 ft or less and
have two equally sized boilers for plants serving more than 15,000 ft2.

BOILER DESIGN CAPACITY
Applicability: All boilers.

Definition: The heating capacity at design conditions.
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Units: Btu/h.
Input Restrictions: As designed.
If unmet load hours exceed 150, the user may need to manually adjust boiler design capacity.

Standard Design: For buildings with both healthcare and other occupancies, the proposed boiler capacity is
scaled based on the ratio of the capacity of heating coils serving healthcare areas. For all others, the Standard
Design- boiler is sized to be 25 percent larger than the peak loads of the standard design. Standard design
boilers shall be sized using weather files containing 99.6 percent heating design temperatures and 0.5 percent
dry-bulb and 1 percent wet-bulb cooling design temperatures.

BOILER EFFICIENCY TYPE
Applicability: All boilers.
Definition: The full load efficiency of a boiler is expressed as one of the following:

Annual fuel utilization efficiency (AFUE) is a measure of the boiler’s efficiency over a predefined
heating season.

Thermal efficiency (Et) is the ratio of the heat transferred to the water divided by the heat input of the
fuel.

Combustion efficiency (Ec) is the measure of how much energy is extracted from the fuel and is the
ratio of heat transferred to the combustion air divided by the heat input of the fuel.

Units: List (see above).

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design.

For all others, AFUE for all gas fired hot water boilers with less than 300,000 Btu/h capacity.

Thermal efficiency (Et) for all gas fired hot water boilers with capacities between 225300,000 and 2,500,000
Btu/h and all gas-fired steam water boilers with capacities above 225,000 Btu/h.

Combustion efficiency (Ec), for all gas fired hot water boilers with capacities above 2,500,000 Btu/h.
BOILER EFFICIENCY
Applicability: All boilers.

Definition: The full load efficiency of a boiler at rated conditions (see efficiency type above) expressed as a
dimensionless ratio of output over input. The compliance software must accommodate input in either
thermal efficiency (E:), combustion efficiency (E.), or AFUE. The compliance software shall make appropriate
conversions to thermal efficiency if either AFUE or combustion efficiency is entered as the rated efficiency.

Where AFUE is provided, E: shall be calculated as follows:

e 0.75<AFUE <0.80 —E, = (0.1 x AFUE) + 0.725
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e 0.80<AFUE <1.00— E,=(0.875 X AFUE) 4+ 0.105

If combustion efficiency is entered, the compliance software shall convert the efficiency to thermal efficiency
by the relation:

E, =E —0.015

All electric boilers will have an efficiency of 98 percent.
Units: Ratio.

Input Restrictions: The boiler efficiency should meet the minimum efficiency requirements as specified byper
Table 110.2-J.

Standard Design: Boilers with rated capacity below 1 MMBtu-aaddbelew for the standard design have the
minimum efficiency listed in Table E-4 of the California Appliance Efficiency Regulations.

Gas-fired boilers in climate zones 1 through 6, 9 through 14 and 16 with rated capacity abeve-1 MMBtu/h to
asnddessthan 10 MMBtu/h have a standard design efficiency of 90 percent.

BOILER PART-LOAD PERFORMANCE CURVE
Applicability: All boilers.

Definition: An adjustment factor that represents the percentage full load fuel consumption as a function of
the percentage full load capacity. This curve shall take the form of a quadratic equation as follows:

2
pteacpic = (o (Ot (Gt

Uratea / \" Uratea / /
Where:

FHeatPLC — The fuel heating part-load efficiency curve

Fuel,,,.100a — The fuel consumption at part-load conditions (Btu/h)
Fuely,;,,, — The fuel consumption at design conditions (Btu/h)

Qpartcaa — The boiler capacity at part-load conditions (Btu/h)
Q....ca — The boiler capacity at design conditions (Btu/h)

a — Constant

b — Constant

¢ — Constant
Units: Ratio.

Input Restrictions: Prescribed to the part-load performance curve in the ACM Appendix 5.7, based on the
boiler draft type.

Standard Design: The standard design uses the mechanical draft fan curve in Appendix 5.7.

BOILER FORCED DRAFT FAN POWER

Applicability: All mechanical draft boilers.
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Definition: The fan power of the mechanical draft fan at design conditions.
Units: Nameplate horsepower.
Input Restrictions: As designed.

The compliance software shall convert the user entry of motor horsepower to fan power in watts by the
following equation:

Fan Power=Motor HP(7-46)(0.5)

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, Sized for an energy

input ratio of 8-:001018{0-2984 W perkBtu/h-heatinput-er 0.-0000008 HP per kBtu/h heat-irput)-(0.2984 W
per kBtu/h heat input).

BOILER MINIMUM UNLOADING RATIO

Applicability: All boilers.

Definition: The minimum unloading capacity of a boiler expressed as a percentage of the rated capacity.
Below this level, the boiler must cycle to meet the load.

Units: Percent (%).
Input Restrictions: As designed.

If the user does not use the default values of 1 percent for electric boilers and 25 percent for gas boilers, the
compliance software must indicate that supporting documentation is required on the output forms.-Fixed-at%

thi for incket | | stoplosses).

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, 3-25 percent.

BOILER MINIMUM FLOW RATE
Applicability: All boilers.

Definition: The minimum flow rate recommended by the boiler manufacturer for stable and reliable
operation of the boiler.

Units: Gpm.
Input Restrictions: As designed.

If the boiler(s) is piped in a primary only configuration in a variable flow system then the compliance software
shall assume there is a minimum flow bypass valve that allows the hot water pump to bypass water from the
boiler outlet back to the boiler inlet to maintain the minimum flow rate when boiler is enabled.

Note: The boiler entering water temperature must accurately reflect the mixed temperature (colder water
returning from the coil(s) and hotter bypass water) to accurately model boiler efficiency as a function of
boiler entering water temperature.
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Standard Design: For buildings with both healthcare and other occupancies, the proposed boiler minimum
low rate is scaled based on the ratio to the capacity of heating coils serving healthcare areas. For all others, 0

gpm.
AIR TO WATER HEAT PuMP RATED HEATING CAPACITY
Applicability: All AWHPs.

Definition: The heating capacity of the AWHP at rated conditions.

Units: Btu/h.

Input Restrictions: As designed.

Standard Design: Sized to 25% larger than 50% of the load at heating design conditions or 17°F whichever is
greater [Design Load x 0.5 x 1.25].-58-percentofiheload-atheatingdesisnconditions

Standard Design: Existing Buildings: Same as proposed if unaltered; same as newly constructed buildings
rules if altered or replacement.

AIR TO WATER HEAT PuMP CAPACITY RATIO CURVES

Applicability: All AWHPs.

Definition: A curve or group of curves that varies the heating efficiency of an AWHP as a function of
evaporator conditions and condenser conditions.

Multipass:

EIRzr = a+ b(tyw,) + c(tnw)2 4+ d(town) + e(town)? + f(tnu) (tows)

Non-modular:

EIRpr = a4 b(tyue) + c(tpuee) + d(togn) + e(togn)? + f(tnuwe) (toan)

Where:

tywr — The hot water return temperature (°C)

t — The hot water supply temperature (°C

twan — The outside air wet-bulb temperature (°C)

t,gn — The outside air dry-bulb temperature (°C)

Units: Data structure.

Input Restrictions: Curve coefficients are prescribed in Appendix 5.7 given the AWHP type.

Standard Design: Use Packaged curves specified in Appendix 5.7.

AIR TO WATER HEAT PUMP SUPPLEMENTAL BOILER RATED HEATING CAPACITY

Applicability: All AWHPs.

Definition: The heating capacity of the AWHP’s integral tank element at rated conditions.
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Units: Btu/h.

Input Restrictions: As designed.

Standard Design: Sized to 58-pereent25 percent larger than theef full-the-full heating design load at design
conditions.

Standard Design: Existing Buildings: Same as proposed if unaltered; same as newly constructed building rules
if altered or replacement.

AIR TO WATER HEAT PuMP RATED HEATING COP
Applicability: All AWHPs.

Definition: The heating efficiency of the AWHP at rated full-load conditions.

Units: COP.

Input Restrictions: As designed. User entered COP is adjusted based on Appendix 5.7 performance curve.

Standard Design: Offices, 2.31 at 140 leaving water temperature.3-29- Schools in climate zone 2, 2.77 at 120
leaving water temperature. Schools in all other climate zones, 2.31 at 140 leaving water temperature. COP is
adjusted based on Appendix 5.7 AWHP performance curve.

Standard Design: Existing Buildings: Same as proposed if unaltered; same as newly constructed buildings
rules if altered or replacement.

AIR TO WATER HEAT PuMP COP RATIO CURVES

Applicability: All AWHPs.

Definition: A curve or group of curves that varies the heating efficiency of an AWHP as a function of
evaporator conditions and condenser conditions.

Multipass:

EIRF’T' =a + b(thul‘r) + C(thurr)z + d(tnulh) + e(tnulh)z + f(thul‘r)(tnulh)

Non-modular:

EIRpr = a+ b(tyue) + C(thulcg)z + d(togp) + e(tndh)z + f(tpwse)toap)

Where:

tywe — The hot water return temperature (°C)

t — The hot water supply temperature (°C

twan — The outside air wet-bulb temperature (°C)

t,gn — The outside air dry-bulb temperature (°C)

Units: Data structure.

Input Restrictions: Curve coefficients are prescribed in Appendix 5.7 given the AWHP type.

254



20252 ACM Reference Manual HVAC Primary Systems

Standard Design: Use Packaged curves specified in Appendix 5.7.

AIR TO WATER HEAT PuMP RATED INLET AIR DRYBULB
Applicability: All AWHPs.

Definition: The dry-bulb temperature at rated full-load conditions.

Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed.

Standard Design: 47 °F.

Standard Design: Existing Buildings: Same as proposed if unaltered; same as newly constructed buildings
rules if altered or replacement.

AIR TO WATER HEAT PUMP RATED INLET WATER TEMPERATURE
Applicability: All AWHPs.

Definition: The condenser inlet water temperature at rated full-load conditions.

Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed.

Standard Design: For schools in climate zone 2, 120°F. All other climate zones, 140 °F395=F.

Standard Design: Existing Buildings: Same as proposed if unaltered; same as newly constructed buildings
rules if altered or replacement.

AIR TO WATER HEAT PUMP MINIMUM OUTDOOR TEMPERATURE FOR COMPRESSOR OPERATION

Applicability: All AWHPs.

Definition: The minimum outdoor air temperature where the compressor operaties.

Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed.

Standard Design: 1748 °F.

Standard Design: Existing Buildings: Same as proposed if unaltered; same as newly constructed buildings
rules if altered or replacement.

255



20252 ACM Reference Manual HVAC Primary Systems

256



20252 ACM Reference Manual HVAC Primary Systems

HoT WATER SUPPLY TEMPERATURE

Applicability: All boilers and AWHPs.

Definition: The temperature of the water produced by the boiler or AWHP and supplied to the hot water loop.
Units: Degrees Fahrenheit (°F).

Input Restrictions: As-designed-Less than 130 °F

Standard Design: Fer-healthearefacilities,same-asthePropoesed-Besigh—Foral-others;-Use 1360°F for

standard design b0|Ier If the standard de5|gn is an AWHP 120°F for schools in cI|mate zone 2. All other AWHP
standard desig i ;

HoT WATER TEMPERATURE DIFFERENCE
Applicability: All boilers and AWHPs.

Definition: The difference between the temperature of the water returning to the boiler from the hot water
loop and the temperature of the water supplied to the loop.

Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed.

Standard Design: F%healthea%e#aeﬂmeHam&as—me-Prepesa%gn—F%a#etheﬁ—Use 4025 °F when the
standard desuzn is a gas b0|Ier45e4’—5teHadeH:el—dres+g~n-lae44e+r :

=E AWHP’s serving offices, 10°F. AWHP’s serving schools in climate zone 2

15°F. AWHP’s serving schools in all other climate zones, 10°F.

HoT WATER SUPPLY TEMPERATURE RESET
Applicability: All boilers and AWHPs.
Definition: Variation of the hot water supply temperature with outdoor air temperature.

Units: Degrees Fahrenheit (°F).
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Input Restrictions: As designed-{retallowed-fornen-condensing-boilers).

Standard Design: Fer-healthearefacilities, same-as-the-Proposed-Design—Foral-others,tThe hot water supply
temperature is fixed_to match the temperature reset of the proposed design-a+3360-2Ffthe standard-design

5.8.2 Chillers

CHILLER NAME

Applicability: All chillers.

Definition: A unique descriptor for each chiller.

Units: Text, unique.

Input Restrictions: User entry: where applicable, this should match the tags that are used on the plans.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, Chillers are only
designated when the standard design system uses chilled water. The chiller plan will include a heat recovery
chiller sized peras specified by 140.4(s¥)1 if the proposed design meets the 140.4(s¢)1A or 140.4(s¢¥)1B.

CHILLER TYPE
Applicability: All chillers.
Definition: The type of chiller, either a vapor-compression chiller or an absorption chiller.

Vapor compression chillers operate on the reverse Rankine cycle, using mechanical energy to compress the
refrigerant, and include:

e Reciprocating*

e Scroll*

e Screw*

e Centrifugal — uses rotating impeller blades to compress the air and impart velocity

e Single Effect Absorption

e Direct-Fired Single Effect Absorption — uses a single generator and condenser

e Direct-Fired Double Effect Absorption — uses two generators/ concentrators and condensers, one at a
lower temperature and the other at a higher temperature. It is more efficient than the single effect,
but it must use a higher temperature heat source.

o Indirect-Fired Double Effect Absorption

» Gas Engine-Driven

*Positive displacement — includes reciprocating (piston-style), scroll and screw compressors.
Units: List (see above). The compliance software shall support all chiller types listed above.
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, the standard design
chiller is based on the design capacity of the standard design as follows:
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Table 2018191615: Type and Number of Chillers

Building Peak Cooling Load Number and type of chiller(s)

< <300 tons One water-cooled screw chiller
>300 tons <tead&<-600 Two water-cooled screw chillers, sized
tens< 600 tons equally=and-si Hesi
860-tens
2-600-tens > 600 tons A-minimum-oftwo-water-cooled-centrifugal
illers._sized I _y I

800tons A minimum of two water-cooled

centrifugal chillers, sized to keep the unit
size below 800 tons

Source: California Energy Commission
NUMBER OF IDENTICAL CHILLER UNITS
Applicability: All chillers.
Definition: The number of identical units for staging.
Units: None.
Input Restrictions: As designed; default is 1.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, From the number
indicated in Chiller Type.

CHILLER FUEL SOURCE

Applicability: All chillers.

Definition: The fuel source for the chiller.
The choices are:

Electricity (for all vapor-compression chillers)

Indirect (absorption units only)

Gas (absorption units only, designated as direct-fired units)

Hot water (absorption units only, designated as indirect-fired units)
Steam (absorption units only, designated as indirect-fired units)

Units: List (see above).
Input Restrictions: As designed.
This input is restricted, based on the choice of chiller type, according to the following rules:

Reciprocating
e Electricity — Allowed
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Indirect — n/a

e Gas—n/a

e Hot Water — n/a

e Steam —n/a

Scroll

e Electricity — Allowed
e Indirect — n/a

e Gas—n/a

e Hot Water — n/a

e Steam —n/a

Screw

e Electricity — Allowed
Indirect — n/a

Gas — n/a

Hot Water — n/a

e Steam —n/a
Centrifugal

e Electricity — Allowed
e Indirect — n/a

e Gas—n/a

e Hot Water —n/a

e Steam —n/a

Single Effect Absorption
e Electricity — n/a

e Indirect - Allowed

e Gas — Allowed

e Hot Water — Allowed
e Steam — Allowed

Direct-Fired Double Effect Absorption

Electricity — n/a

Gas — Allowed

e Hot Water — Allowed
e Steam — Allowed
Indirect-Fired Absorption
e Electricity — n/a

e Gas — Allowed

e Hot Water — Allowed
Steam — Allowed

HVAC Primary Systems

Standard Design: For healthcare facilities, same as the proposed design. For all others, Electricity.

CHILLER RATED CAPACITY

Applicability: All chillers.

Definition: The cooling capacity of a piece of heating equipment at rated conditions.

Units: Btu/h or tons.
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Input Restrictions: As designed.
The user may need to manually adjust the capacity if the number of unmet load hours exceeds 150.

Standard Design: For buildings with both healthcare and other occupancies, the proposed chiller capacity is
scaled based on the ratio to the capacity of cooling coils serving healthcare areas. For all others, the Standard
Design chiller is sized to be 15 percent larger than the peak loads of the Standard Design.

CHILLER RATED EFFICIENCY
Applicability: All chillers.

Definition: The efficiency of the chiller (EER for air-cooled chillers, kW/ton for water-cooled electric chillers,
and COP for fuel-fired and heat-driven chillers) at AHRI 550/590 rated full-load conditions.

Units: Ratio (kW/ton, COP, EER, depending on chiller type and condenser type).
Water-cooled electric chiller — kW/ton.

Air-cooled or evaporatively-cooled electric chiller — EER

All non-electric chillers — COP

Input Restrictions: As designed.

Must meet the minimum requirements of Table 110.2-D.

Standard Design: Use the minimum efficiency requirements from Tables 110.2-D Path B.

If chiller type is reciprocating, scroll, or screw, use the efficiency for positive displacement chillers from Table
110.2-D.

Standard Design: Existing Buildings: Same as proposed if unaltered; same as newly constructed buildings
rules if altered or replacement.

INTEGRATED PART-LOAD VALUE

Applicability: All chillers_except single effect absorption chillers.

Definition: The part-load efficiency of a chiller developed from a weighted average of four rating conditions,
aceording-toeas specified by AHRI Standard-550/590.

Al loctricchil or
Input Restrictions: As designed; must meet the minimum requirements of Table 110.2-D.

Standard Design: For healthcare facilities, use the minimum efficiency requirements from Tables 110.2-D Path
B. For all others, not used.
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When the standard design system has a chiller, the standard design will always use Path B performance
curves.

CHILLER MINIMUM UNLOADING RATIO
Applicability: All chillers.
Definition: The minimum unloading capacity of a chiller expressed as a fraction of the rated capacity.

Below this level the chiller must either cycle to meet the load or false-load the compressor (such as with hot
gas bypass).

Table 2128283716: Default Minimum Unloading Ratios

Chiller Type Default Minimum Unloading Ratio
Reciprocating 25%
Screw 15%
Centrifugal 10%
Scroll 25%
Single Effect Absorption 10%
Double Effect Absorption 10%

Source: California Energy Commission

Units: Percent (%).

Input Restrictions: As designed but constrained to a minimum value of 10 percent and must be equal to or
greater than the minimum part load ratio. If the user does not employ the default values, supporting
documentation is required.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, use defaults listed
above.

CHILLER MINIMUM PART LOAD RATIO
Applicability: All chillers.

Definition: The minimum wrleadinrg-part load capacity of a chiller expressed as a fraction of the rated
capacity.

Below this level the chiller must cycle to meet the load.

If the chiller minimum part-load ratio (PLR) is less than the chiller minimum unloading ratio, then the
compliance software shall assume hot gas bypass operation between the minimum PLR and the minimum
unloading ratio.

Units: Percent (%).
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Input Restrictions: As designed but constrained to a minimum value of 10 percent and must be equal to or
lessthangreater than the minimum unloading ratio. If the user does not employ the default values,
supporting documentation is required.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, When the standard
design has a screw chiller, the minimum PLR is 15 percent. When the standard design has a centrifugal chiller,
the minimum PLR is 10 percent.

CHILLER COOLING CAPACITY ADJUSTMENT CURVE
Applicability: All chillers.

Definition: A curve or group of curves or other functions that represent the available total cooling capacity as
a function of evaporator and condenser conditions and perhaps other operating conditions. The default
curves are given as:

Onnnilnhla = CAPF"T‘(O‘rnrprl)

For air-cooled chillers:

CAPF"T' =a + b(trh\uc) + C(trh\uc)z + d(tnrih) + e(tnﬂh)z + f(trhulc)(tnrih)

For water-cooled chillers:

CAPF"T' =a + b(trh\uc) + C(trhuic)z + d(tmuc) + e(tmuc)z + f(tf'h|AlC)(tf'\A7(‘)

Where:

Qaitanie — Available cooling capacity at present evaporator and condenser conditions (MBH)
t.nes — The chilled water supply temperature (°F)

t.... — The condenser water supply temperature (°F)

t.q, — The outside air dry-bulb temperature (°F)

Q...:ca — Rated capacity at AHRI conditions (MBH)

Note: If an air-cooled unit employs an evaporative condenser, toqp is the effective dry-bulb temperature of the
air leaving the evaporative cooling unit.

Separate curves are provided for Path A and Path B chillers in Appendix 5.7.
Units: Data structure.

Input Restrictions: Prescribed curves are provided in Appendix 5.7 for the proposed design chiller type and
the compliance path (A or B). If the default curves are overridden, supporting documentation is required.

Standard Design: Use prescribed curve for Path B chiller as applicable to the standard design chiller type.
ELECTRIC CHILLER COOLING EFFICIENCY ADJUSTMENT CURVES
Applicability: All chillers.

Definition: A curve or group of curves that varies the cooling efficiency of an electric chiller as a function of
evaporator conditions, condenser conditions and part-load ratio.
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Note: For variable-speed chillers, the part-load cooling efficiency curve is a function of both part-load ratio
and leaving condenser water temperature. The default curves are given as:

Qoperating

PLR =

Uavaitable (Cchws) tcws/odb)

EIRzp p = a+ b(PLR) + c(PLR)?

Variable Speed:

EIRgp,p = a+ b(PLR) + c(PLR)?

Air-Cooled:

EIRF’T' =a + b(tf‘h|Al(‘) + C(trh\uc)z + d(tnrlh) + e(tnrih)z + f(tr‘hulc)(tnrih)

Water-Cooled:

EIRF’T' =a + b(trh\uc) + C(trh\uc)z + d(tmuc) + e(tmuc)z + f(tl‘hlnIC)(tfﬂAlC)

Pnparnfing = rated (EIRFDI D)(EIRF’T‘)(CAPF’T')

Where:

PLR — Part-load ratio based on available capacity (not rated capacity)

Qoperaring — Present load on chiller (Btu/h)

Q avaitanie — Chiller available capacity at present evaporator and condenser conditions (Btu/h)
t.nws — The chilled water supply temperature (°F)

t... — The condenser water supply temperature (°F)

t.qp — The outside air dry-bulb temperature (°F)

P...... — Rated power draw at AHRI conditions (kW)

P operating — POwer draw at specified operating conditions (kW)

Note: If an air-cooled chiller employs an evaporative condenser, toqb is the effective dry-bulb temperature of
the air leaving the evaporative cooling unit.

Units: Data structure.

Input Restrictions: Curves are prescribed in Appendix 5.7 given the chiller capacity and type. A separate set of
curves are provided for Path A chillers and Path B chillers. The path is determined by comparing compliance
software inputs of full-load efficiency and integrated part-load value with the requirements of Table 110.2-D
of the Energy Code.

Standard Design: Use Path B curves specified in Appendix 5.7.
FUEL AND STEAM CHILLER COOLING EFFICIENCY ADJUSTMENT CURVES
Applicability-: All chillers.

Definition: A curve or group of curves that varies the cooling efficiency of a fuel-fired or steam chiller as a
function of evaporator conditions, condenser conditions, and part-load ratio. The default curves are given as
follows:
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Default curves for steam-driven single and double effect absorption chillers:

PLR = Qoperating

Uavaitable (Echws) tcws/odb)

FIRzp,p = a+ b(PLR) + c(PLR)?

FIRF’T' =a + b(tf'h|Al(‘) + C(trhuic)z + d(tmuc) + e(tr\uc)z + f(trh\uc)(trulc)

Fuelpnrrlnnri = (Fuelrnfpﬂ)(FIRFDI D)(FIRF"T‘)(CAPF"T')

Default curves for direct-fired double effect absorption chillers:

PLR = Qoperating

Uavaitable (Echws) tcws/odb)

FIRp;p = a+ b(PLR) + c(PLR)?

FIRpr, = a+ b(t puwe) + c(tonws)?

FIRprr = d + e(toye) + f(tons)?

Fuel = (Fuel FIR FIR FIR CAP,

The default curves for engine driven chillers are the same format as those for the steam-driven single and
double effect absorption chillers but there are three sets of curves for different ranges of operation based on
the engine speed.

Where:

PLR — Part-load ratio based on available capacity (not rated capacity)

FIRyp, » — A multiplier on the fuel input ratio (FIR) to account for part-load conditions

FIRg; — A multiplier on the fuel input ratio (FIR) to account for the chiller water supply temperature
and the condenser water temperature

FIRgr, — A multiplier on the fuel input ratio (FIR) to account for chilled water supply temperature
FIRz;, — A multiplier on the fuel input ratio (FIR) to account for condenser water supply temperature

CAP .+ — A multiplier on the capacity of the chiller (Equation 45)
Qoperating — Present load on chiller (in Btu/h)
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Qavaitanie — Chiller available capacity at present evaporator and condenser conditions (in Btu/h)
t.nws — The chilled water supply temperature (in °F)

t.... — The condenser water supply temperature (in °F)

t.qp — The outside air dry-bulb temperature (°F)

Fuel, .., — Rated fuel consumption at AHRI conditions (in Btu/h)
Fuel,,,.,,q — Fuel consumption at specified operating conditions (in Btu/h)

Units: Data structure.

Input Restrictions: Restricted to curves specified in Appendix 5.7.

Standard Design: Use prescribed curves specified in Appendix 5.7.

CHILLED WATER SUPPLY TEMPERATURE

Applicability: All chillers.

Definition: The chilled water supply temperature of the chiller at design conditions.
Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, the standard design
chilled water supply temperature is set to 44°F.

CHILLED WATER RETURN TEMPERATURE

Applicability: All chillers.

Definition: The chilled water return temperature setpoint at design conditions.
Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, the standard design
chilled water return temperature is set to 64°F.

CHILLED WATER SUPPLY TEMPERATURE CONTROL TYPE

Applicability: All chillers.

Definition: The method by which the chilled water setpoint temperature is reset.

The chilled water setpoint may be reset based on demand or outdoor air temperature.

Units: List rere;outsideair-basedreset-or demand-basedresetfixed, scheduled, outsideairreset,
wetbulbreset, fixeddualsetpoint.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the proposed design. For all others, outside air-based
reset.
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CHILLED WATER SUPPLY TEMPERATURE RESET
Applicability: All chillers.

Definition: The reset schedule for the chilled water supply temperature. The chilled water setpoint may be
reset based on demand or outdoor air temperature.

Units: Degrees Fahrenheit (°F).
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the proposed design. For all others, 10°F from design
chilled water supply temperature.

The chilled water supply temperature reset follows an outside air reset scheme, where the setpoint is 44°F at
outside air conditions of 80°F dry-bulb and above; the setpoint is 54°F at outside air conditions of 60°F dry-
bulb and below; and ramps linearly from 44°F to 54°F as the outside air dry-bulb temperature varies between
80°F and 60°F.

CONDENSER TYPE

Applicability: All chillers.

Definition: The type of condenser for a chiller.
The choices are:

Air-cooled
Water-cooled

Air-cooled chillers use air to cool the condenser coils. Water-cooled chillers use cold water to cool the
condenser and additionally need either a cooling tower or a local source of cold water. Evaporatively-cooled
chillers are similar to air-cooled chillers, except a water mist is used to cool the condenser coil, making them
more efficient.

Units: List (see above).
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the proposed design. For all others, the standard design
chiller is always assumed to have a water-cooled condenser, although the chiller type will change depending
on the design capacity.

5.8.3 Cooling Towers

Standard Design Summary. Standard design system 6, 14b and 15 -has one or more cooling towers. One
tower is assumed to be matched to each standard design chiller. Each standard design chiller has its own
condenser water pump that operates when the chiller is brought into service.

CoOLING TOWER NAME

Applicability: All cooling towers.

Definition: A unique descriptor for each cooling tower.
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Units: Text, unique.
Input Restrictions: User entry: where applicable, this should match the tags that are used on the plans.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others descriptive name that
keys the standard design building plant.

CoOLING TOWER TYPE

Applicability: All cooling towers.

Definition: Type of cooling tower employed.
The choices are:

Open tower, centrifugal fan

Open tower, axial fan

Closed tower, centrifugal fan

Closed tower, axial fan

Closed tower evaporative, centrifugal fan
Closed tower evaporative, axial fan

Open cooling towers collect the cooled water from the tower and pump it directly back to the cooling system.
Closed towers circulate the evaporated water over a heat exchanger to indirectly cool the system fluid.

Units: List (see above).
Input Restrictions: As designed.

Standard Design: For healthcare facilities, if the open tower design condenser flow rate is greater than 900
gpm, the fan is axial, otherwise same as the proposed design. For all others, the standard design cooling
tower is an open tower axial fan device.

COOLING TOWER CAPACITY
Applicability: All cooling towers.

Definition: The tower thermal capacity per cell adjusted to Cooling Technology Institute (CTl) rated conditions
of 95°F condenser water return, 85°F condenser water supply, and 78°F wet-bulb with a 3 gpm/nominal ton
water flow. The default cooling tower curves below are at unity at these conditions.

Units: Btu/h.
Input Restrictions: As designed.

Standard Design: For buildings with both healthcare and other occupancies, the proposed cooling tower
capacity is scaled based on the ratio to the capacity of chillers serving healthcare areas. For all others, the
Standard Design tower is sized to supply 85°F condenser water at design conditions for the oversized chiller.

CooLING TOWER NUMBER OF CELLS
Applicability: All cooling towers.

Definition: The number of cells in the cooling tower.
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Each cell will be modeled as equal size. Cells are subdivisions in cooling towers into individual cells, each with
their own fan and water flow, that allow the cooling system to respond more efficiently to lower load
conditions.

Units Numeric: integer.

Input Restrictions: As designed.

Standard Design: One cell per tower and one tower per chiller.
COOLING TOWER TOTAL FAN HORSEPOWER
Applicability: All cooling towers.

Definition: The sum of the nameplate rated horsepower (hp) of all fan motors on the cooling tower. Pony
motors should not be included.

Input Restrictions: As designed, but the cooling towers shall meet minimum performance requirements in
Table 110.2-EF of the Energy Code.

Standard Design: Cooling towers with a design condenser water flow greater than 900 gpm shall have a fan
horsepower Fhe-coolingtowerfan-horsepeweris-calculated based on the water flow rate (3.0 gpm per
nominal cooling ton) andof between 42.160 and- 980 gpm/hp in elmqafee—zenes—Z—te—lé as designatedspecified
in Table 140.4- H 2 or 170.2-1 of the Energy Code;w

ECooling towers with a design condenser water flow of 900 gpm or less shall have a fan horsepower of 42.1

gpom/hp.
Standard Design: Existing Buildings: 42.1 gpm/hp.

CoOLING TOWER DESIGN WET-BuLB

Applicability: All cooling towers.
Definition: The design wet-bulb temperature that was used for selection and sizing of the cooling tower.
Units: Degrees Fahrenheit (°F).

Input Restrictions: Specified from design wet-bulb conditions from Reference Appendix JA2 for the city where
the building is located, or the city closest to where the building is located.

Standard Design: Specified from design wet-bulb conditions from Reference Appendix JA2 for the city where
the building is located, or from the city closest to where the building is located.

COOLING TOWER DESIGN ENFERING-LEAVING WATER TEMPERATURE
Applicability: All cooling towers.
Definition: The design condenser water supply temperature (leaving tower) that was used for selection and

sizing of the cooling tower.
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Units: Degrees Fahrenheit (°F).
Input Restrictions: As designed; default to 85°F.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, 85°F or 10°F above the
design wet-bulb temperature, whichever is lower.

CoOLING TOWER DESIGN RETURN WATER TEMPERATURE
Applicability: All cooling towers.

Definition: The design condenser water return temperature (entering tower) that was used for selection and
sizing of the cooling tower.

Units: Degrees Fahrenheit (°F).
Input Restrictions: As designed; default to 95°F.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, set to a range of 10°F
(10°F above the cooling tower design entering water temperature).

COOLING TOWER CAPACITY ADJUSTMENT CURVE

Applicability: All cooling towers.

Definition: A curve or group of curves that represent the available toetalcoelingtower capacity (tower
approach) as a function of -tower air flow ratio, condenser water flow ratio, outdoor air wet-bulb;-cendenser
watersupply-and-condenserwaterreturn-temperatures: temperature, and condenser water temperature

range between supply and return temperature.

The default curves are given as follows:

Approach = Coef f, + Coeff, - Frgy + Coeffs - Frk, + Coeff, - Fr2.. + Coeffs - Fryqier + Coeffs
FTape - Flygrer + Coeffs - Fr2 - Flygrer + Coeffo - F12 por + Coeffo - Frop - F12orer
+ Coeffig - F13aeer + Coeffiy - Ty + Coeffio - Frap - Top + Coef fia - Fri - Ty
+ Coeffiy - Fryater - Tyn + Coef fic - Fay - Flyaier - Tyun + Coef fig - FT2ater - T
+ Coeffi7 -T2, + Coeffig - Fray - T2, + Coeffio - FTygier - Top + Coeffoq - Toy
+ Coef foy - Tr + Coeffry - Frayy - Tr + Coef fos - Frk,. - Tr + Coeffoy - Flygrer - T
+ Coef fos - Fraiy - Flyater  Tr + Coef fog - F12pter - Tr + Coef fog - Ty - Tr + Coef fog
 FTaie - Ty - TT + Coef fog - Fligior T - Tr + Coef faq - T2y - Tr + Coef fo, - Tr?
+ Coeffsr - Fray - Tr? + Coeffss - Frygrer - Tr2 + Coeffay - Toup - TT? + Coef foe - Tr?
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Coef f30)(FwbizeTr—+CoeffBH(Tr)2—+CoeffB2)Fraire(Tr)Z—+Coeff(33)
~Erwater«{(Tr)2—+Coeff(34+Twbe(Tr)2—+FCoeff3B5)(Fr)3
Where:

Fr,,, — ratio of airflow to airflow at design conditions

Fr, ... — ratio of water flow to water flow at design conditions
Tr — tower range (°F)

T,., — wet-bulb temperature

Coefficients for this performance curve are provided in Appendix 5.7.

Units: Data structure.

Input Restrictions: User must use one of the prescribed curves defined in Appendix 5.7.
Standard Design: Use one of the prescribed curves defined in Appendix 5.7.

CoOLING TOWER SET POINT CONTROL

Applicability: All cooling towers.

Definition: The type of control for the condenser water supply.

The choices are fixed-orwet-bulbreset

fFixed;
sScheduleds
QOsutside air resets

wWet bulb reset;

ofFixed dual setpointz

A fixed control will modulate the tower fans to previdemaintain the design condenser water supply

temperature-at-at-times-when-peossible. A wet-bulb reset control will reset the condenser water supply
temperature setpoint to a fixed approach to outside air wet-bulb temperature. The approach defaults to 10°F.

A lower approach may be used with appropriate documentation.
Units: List (see above).
Input Restrictions: As designed; default to 95FfixedFix.

Standard Design: For healthcare facilities, same as the proposed design. For all others, fixed at the 0.4
percent design wet-bulb temperature, which is prescribed and specified for each of the 86 weather data files.

CoOOLING TOWER CAPACITY CONTROL

Applicability: All cooling towers.
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Definition: Describes the modulation control employed in the cooling tower.
Choices include:

e Fluid Bypass provides a parallel path to divert some of the condenser water around the cooling tower
at part-load conditions.

e Fan Cycling is a simple method of capacity control where the tower fan is cycled on and off. This is
often used on multiple-cell installations.

e Two-Speed Fan/Pony Motor areis another method of capacity control that and-saves fan energy. -the
same-frorman-energy-perspeetive—A lower horsepower pony motor is an alternative to a two-speed
motor. The pony motor runs at part-load conditions (instead of the full-sized motor) and saves fan
energy when the tower load is reduced. Additional building descriptors are triggered when this method
of capacity control is selected.

e Variable-Speed Fan ishas a variable frequency drive is installed feron the tower fan se-thatthe-speed
can-be-medulatedfor fan speed control and capacity modulation.

Units: List (see above).

Input Restrictions: As designed.

Standard Design: For healthcare facilities, if the fan motor hp is 7.5 or larger, variable-speed fan, otherwise,
same as the proposed design. For all others, variable-speed fan.

CoOOLING TOWER LOW-SPEED AIRFLOW RATIO

Applicability: All cooling towers with two-speed-e¥, pony motors or variable-speed fan.

Definition: The percentage full-load airflow that the tower has at low speed or with the pony motor
operating; equivalent to the percentage full-load capacity when operating at low speed.

Units: Ratio.
Input Restrictions: As designed.
Standard Design: For healthcare facilities, same as the proposed design. For all others, Net-applicable0.5.

CoOOLING TOWER LOW-SPEED KW RATIO

Applicability: All cooling towers with two-speed-e«/ pony motors_or variable-speed fan.

Definition: The percentage full-load power that the tower fans draw at low speed or with the pony motor
operating.

Units: Ratio.

Input Restrictions: Calculated, using the as-designed flow ratio and the cooling tower power adjustment curve
below.

Standard Design: For healthcare facilities, same as the proposed design. For all others, Netapplicable0.25.

COOLING TOWER POWER ADJUSTMENT CURVE

Applicability: All cooling towers with VSD control.

272



20252 ACM Reference Manual HVAC Primary Systems

Definition: A curve that varies the cooling tower fan energy usage as a function of part-load ratio for cooling
towers with variable speed fan control. The default curve is given as:

Qoperating

PLR =

Uavaitable (Lr, La, Low)

TWRgpn_gpip =a~+ b(PLR) + ¢(PLR)% + d(PLR)3

Poperating = Pratea(TW R gp_

Where:

e PLR — Part-load ratio based on available capacity (not rated capacity)

*  Quperating — Present load on tower (in Btu/h)

o Q...ian1e — TOWer available capacity at present range, approach, and outside wet-bulb conditions (in
Btu/h)

e towp — The outside air wet-bulb temperature (°F)

e tp — The tower range (°F)

e t, — The tower approach (°F)

e P....— Rated power draw at CTI conditions (kW)

®  Pperaning — Power draw at specified operating conditions (kW)

Refer to Appendix 5.7 for the fixed cooling tower curve coefficients.
Units: Data structure.

Input Restrictions: User shall use only default curves.

Standard Design: Use default curves given above.

CoOLING TOWER MINIMUM SPEED

Applicability: All cooling towers with a VSD control.

Definition: The minimum fan speed setting of a VSD controlling a cooling tower fan expressed as a ratio of full
load speed.

Units: Ratio.
Input Restrictions: As designed; default is 0.50.

Standard Design: For healthcare facilities, if the fan motor hp is 7.5 or larger, 0.5, otherwise, same as the
proposed design. For all others, 0.5.

5.8.4 Water-side Economizers

None of the standard design building systems use a water-side economizer.

WATER-SIDE ECONOMIZER NAME

Applicability: All water-side economizers.

Definition: The name of a water-side economizer for a cooling system.
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Units: Text, unique.
Input Restrictions: Descriptive reference to the construction documents;-default-is-hre-water-side-economizer.

Standard Design: For healthcare facilities, same as the proposed design. For all others, no water economizer.

WATER ECONOMIZER TYPE
Applicability: All water-side economizers.
Definition: The type of water-side economizer. Choices include:

e None

e Heat exchanger in parallel with chillers. This would be used with an open cooling tower and is often
referred to as a non-integrated economizer because the chillers are locked out when the plant is in
economizer mode.

e Heat exchanger in series with chillers. This would be used with an open cooling tower and is often
referred to as integrated because the chillers can operate simultaneously with water economizer
operation.

e Direct water economizer. This would be used with a closed cooling tower. In this case, a heat
exchanger is not needed. This type works only as a non-integrated economizer (also known as
strainer-cycle).

Units: List (see above).
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the proposed design. For all others, no water economizer.

WATER-SIDE ECONOMIZER HX EFFECTIVENESS
Applicability: Water-side economizers with an open cooling tower.
Definition: The effectiveness of a water-side heat exchanger at design conditions.

This is defined as:

Where:

Qccor. — The maximum load that the economizer can handle_(Btu/hr)

mcyyw — The chilled water flow rate_(Ib/hr)

Cpcuw — The chilled water specific heat_(BTU/Ib-°F)

T cuw r — The chilled water return temperature_(°F)

Ty s — The condenser water supply temperature_(°F)

eWSEeff — The effectiveness of the water-side economizer eeitheat exchangerHx

Units: Ratio
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Input Restrictions: As-designed:-defaultis-60-perecentNot a user input.

Standard Design: For healthcare facilities, same as the proposed design. For all others, no water economizer.

WATER-SIDE ECONOMIZER HEAT EXCHANGER HEAT TRANSFER COEFFICIENT

Applicability: Water-side economizers with an open cooling tower.

Definition: The heat transfer coefficient of the plate-and-frame heat exchanger with the waterside
economizer.

Units: Btu/h-°F.

Input Restrictions: As-desigredNot a user input. It is calculated based on other user inputs as follows:

UA = Cappiq/LMTD

Where:

UA — The heat transfer coefficient (Btu/hr- °F)

Capp:g — The design cooling capacity of the heat exchanger (Btu/hr)

LMTD —The log mean temperature difference of the heat exchanger at the design conditions.

And LMTD is calculated as:

LMTD = Tchw,,,g — TCcWgpne

When Tchw,,,g — Tcwp,,g = Tchwg,; — Tcw; vg- Otherwise

LMTD
((Tchwwg — Tewgne) — (Tchwiyg — Tchvg))

In ((Tcth,,g — Tcwgne )/ (Tchwigng — TCWL,,g)) %WW%WWW—%%}

Where:

Tchwg,; — The temperature of water entering the exchanger on the chilled water side of the system
at design conditions (°F).

Tchw;,, — The temperature of water leaving the exchanger on the chilled water side of the system at
design conditions (°F).

Tcwgy,: — The temperature of water entering the exchanger on the condenser water side of the
system at design conditions (°F).

Tcw; vg = The temperature of water leaving the exchanger on the condenser water side of the system
at design conditions (°F).

Standard Design: For healthcare facilities, same as the proposed design. For all others, not applicable.

WATER-SIDE ECONOMIZER APPROACH
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Applicability: All water-side economizers (WSE).

Definition: The design temperature difference between the chilled water temperature leaving the WSE heat
exchanger and the condenser water inlet-teentering the WSE heat exchanger.

Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed; default is 4°F.

Standard Design: For healthcare facilities, same as the proposed design. For all others, no -water economizer.
WATER-SIDE ECONOMIZER MAXIMUM CWST

Applicability: All water-side economizers.

Definition: The control temperature (condenser water supply temperature, CWST) above which the water-
side economizer is disabled.

Units: Degrees Fahrenheit (°F).

Input Restrictions: As designed; default is 50°F.

Standard Design: For healthcare facilities, same as the proposed design. For all others, no water economizer.
WATER-SIDE ECONOMIZER AVAILABILITY SCHEDULE

Applicability: All water-side economizers.

Definition: A schedule which represents the availability of the water-side economizer.

Units: Data structure: schedule, on/off.

Input Restrictions: As-designedNot a user input. Always available.

Standard Design: For healthcare facilities, same as the proposed design. For all others, no water economizer.

5.8.5 Pumps

Standard Design Summary — Hot water pumping in the standard design shall be modeled as a variable flow,
primary only system. Two-way valves are assumed at the heating coils.
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Chilled water pumping in the standard design {system-6}-is a-a primary only system. Each water-cooled chiller
has its own primary-variable speed chilled water pump and constant speed cand-eondenser water pump.

Both water pumps operates-that-eperate when the chiller is activated.

General Notes — The building descriptors in this chapter are repeated for each pumping system. See the
pump service building descriptor for a list of common pump services.

Pump NAME

Applicability: All pumps.

Definition: A unique descriptor for each pump.

Units: Text, unique.

Input Restrictions: User entry: where applicable, should match the tags that are used on the plans.

Standard Design: For healthcare facilities, sSame as proposed design. For all others, Pumps are only
designated in the standard design if the baseline system type includes primary systems.

H-thereis-ho-equivalentin-thepropesed-designa Assign a sequential tag to each piece of equipment. The
sequential tags should indicate the pump service as part of the descriptor (e.g., CW for condenser water,
CHW for chilled water, or HHW for heating hot water).

PUMP SERVICE

Applicability: All pumps.

Definition: The service for each pump.
Choices include:

Chilled water

Chilled water (primary)

Chilled water (secondary)

Heating water

Heating water (primary)

Heating water (secondary)

Service hot water

Condenser water (for heat rejection or water-source heat pump loops)
Loop water (for hydronic heat pumps)

Units: List (see above).
Input Restrictions: As designed.

Standard Design: As needed by the standard design system. See Chapter 5.1.32 HVAC System Map.

NuUMBER OF PuMPS

Applicability: All pumps.

277



20252 ACM Reference Manual HVAC Primary Systems

Definition: The number of identical pumps in service in a particular loop, e.g., the heating hot water loop,
chilled water loop, or condenser water loop.

Units: Numeric: integer.
Input Restrictions: As designed.

Standard Design: There will be one heating hot water pump for each boiler, one chilled water pump, and one
condenser water pump for each chiller.

WATER LooP DESIGN
Applicability: All pumps.

Definition: The heating and cooling delivery systems can consist of a simple primary loop system, or more
complicated primary/secondary loops or primary/secondary/tertiary loops.

Units: List (see above).
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the proposed design. For all others, assume primary loops

only for heating hot water and erxferchilled water loops;-a-primaryloop-designisassumed-.
PuMP MOTOR MODELING METHOD
Applicability: All pumps.

Definition: Compliance software commonly models pumps in one of two ways. The simple method is for the
user to enter the electric power per unit of flow (W/gpm). This method is commonly used for smaller
systems. A more detailed method requires a specification of the pump head, design flow, impeller, and motor
efficiency.

Units: List power-per-unit-flow or detailed.
Input Restrictions: Detailed.

Standard Design: Detailed for chilled water and condenser water pumps; power-per-unit-flow for heating hot
water and service hot water pumps.

PuMP MOTOR POWER-PER-UNIT-FLOW

Applicability: All

iga-pumps that use the power-per-unit-flow method.
Definition: The electric power of the pump divided by the flow at design conditions.

Units: W/gpm.

Input Restrictions: As-designedNetappheableNot a user input for proposed model. Value is calculated based
on other user input pump performance values.

Standard Design: For healthcare facilities, same as the proposed design. For all others, nNot applicable for
chilled water and condenser water pumps; 19 W/gpm for heating hot water and service hot water pumps.
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PuMP MOTOR HORSEPOWER

Applicability: All pumps.

Definition: The nameplate motor horsepower.

Units: Horsepower (hp).

Input Restrictions: Constrained to be a value from the following standard motor sizes:
1/12,1/8,%,%,%,1,1.5,2, 3,5, 7.5, 10, 15, 20, 25, 30, 40, 50, 60, 75, 100, 125, 150, 200

Alternatively, the nameplate horsepower can be entered as a numeric value.

Standard Design: For buildings with both healthcare and other occupancies, the proposed pump horsepower
is scaled based on the ratio of plant equipment serving healthcare areas. Otherwise, set to the next larger

&, for the calculated input brake horsepower.

PumMmp DESIGN HEAD

Applicability: All standard and proposed design pumps that use the detailed method.
Definition: The head of the pump at design flow conditions.
Units: ft of water.

Input Restrictions: As designed but subject to an input restriction. The user inputs of pump design head,
impeller efficiency, and pump design flow shall be used to calculate the proposed brake horsepower. This
shall be compared to the pump motor.

Horsepower for the next smaller motor size (MHP;.1) than the one specified by the user (MHP)).

The proposed pump design head shall be constrained so that the resulting brake horsepower is no smaller
than 95 percent of the next smaller motor size:

design bhp,,,, = max [design bhpprop—user—nead. 0.95(MHP;_,)]

Where:
e design bhp,,,, — The brake horsepower used in the simulation
o design bhp,,.y_ser_neaa — The brake horsepower resulting from the user input of design head

e MHP; — The pump motor horsepower specified by the user

e i — The index into the standard motor size table for the user motor horsepower

e MHP; , — The motor horsepower for the next smaller motor size. For example, if the user-specified
pump motor horsepower is 25, the next smaller motor size in the table above is 20

Since all other user inputs that affect the proposed design brake horsepower are not modified, the proposed
design pump design head is adjusted in the same proportion as the pump brake horsepower in the equation
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above. If the user-entered pump design head results in a brake horsepower that is at least 95 percent of the
horsepower of the next smaller motor size, no modification of the user input is required.

Standard Design: For healthcare facilities, same as the proposed design. For all others, for chilled water
pumps:

t
Head yy = (40ft) + 0.03;;—71 X [chiller plant nominal capacity (tons)]{40-f)-
(0.03 ft Ltom) s fehiller-pl nal .y Y

(not to exceed 100 ft)

For chilled water pumps serving four pipe fan coil systems:

1.2 X Head -y,

For condenser water pumps: 45 ft

IMPELLER EFFICIENCY

Applicability: All pumps in proposed design that use the detailed modeling method.
Definition: The full load efficiency of the impeller.

Units: UnitlessRatie.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the proposed design. For all others, 70%.
MOTOR EFFICIENCY

Applicability: All pumps in proposed design that use the detailed modeling method.
Definition: The full load efficiency of the pump motor.

Units: UnitlessRatie.

Input Restrictions: Fer-healtheare-facilities,same-as-the-propesed-desigh—ForallethersaAs designed.

Standard Design: For healthcare facilities, same as the proposed design. The motor efficiency is taken from
Table 14: Minimum Nominal Efficiency for Electric Motors (Percent)¥abie-t4=Minimum-Neminal-Efficiencyfo:

PuMP MINIMUM SPEEBFLOW
Applicability: All twe-speed-ervariable-speed pumps.

Definition: The minimum pump speed-flow for a fwe-speed-fervariable-speed pump.

w: For variable speed pumps,

the minimum flow is set to be 10% of the design flow rate.
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Units: Ratiegpm.

Input Restrictions: As designed.
Standard Design: For healthcare facilities, same as the proposed design. For all others, 8200 gpm.

PumMP DESIGN FLOW
Applicability: All pumps.

Definition: The flow rate of the pump at design conditions; derived from the load, and the design supply and
return temperatures.

Units: gpm or gpm/ton for condenser and primary chilled water pumps.

Input Restrictions: Neta-dserinputAs designed.

Standard Design: For buildings with both healthcare and other occupancies, the proposed pump flow is
scaled based on the ratio to the capacity of plant equipment serving healthcare areas. For all others, the
temperature change on the evaporator side of the chillers is 20°F (64°F less 44°F) and this equates to a flow of
1.2 gpm/ton. The temperature change on the condenser side of the chillers is 12°F, which equates to a flow of
2.0 gpm/cooling ton. For hot water pumps servicing boilers, the flew+ate-in-gpm-shall-correspond-toaloocp
temperature-drop-oftemperature change on the boilers is 430°F (135°F less 105°F), which equates to a flow of
-0.067 gpm/kBtuh. For air-to-water heat pumps, the temperature change on the space heating side is 10°F
(105°F less 95°F), which equates to 0.2 gpm/kBtuh.

Pump CONTROL TYPE

Applicability: All pumps.

Definition: The type of control for the pump.
Choices are:

Constant speed, fixed flow

Constant speed, variable flow (the default, with flow control wia-through a valve)
Two-speed

Variable speed;variable-flow

Units: List, see above.

Input Restrictions: As designed; default is “constant speed, variable flow”, which models the action of a
constant speed pump riding the curve against two-way control valves.

Standard Design: For healthcare facilities, same as the proposed design. For all others, the chilled water and
hot water pumps shall be modeled as variable-speed;variable-flow, condenser water pumps shall be modeled
as fixed-constant speed.

PuMP OPERATION
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Applicability: All pumps.

Definition: The type of pump operation can be either on-demand, standby, or scheduled. On-demand
operation means the pumps are only pumping when their associated equipment is cycling. Chiller and
condenser pumps are on when the chiller is on and the heating hot water pump operates when its associated
boiler is cycling. Standby operation allows hot or chilled water to circulate through the primary loop of a
primary/secondary loop system or through a reduced portion of a primary-only system, assuming the system
has appropriate three-way valves. Scheduled operation means that the pumps and their associated
equipment are turned completely off according to occupancy schedules, time of year, or outside conditions.
Under scheduled operation, when the systems are on, they are assumed to be in on-demand mode.

Units: List (see above).
Input Restrictions: As designed.

Standard Design: The standard design system pumps are assumed to operate in on-demand mode. The
chilled water and condenser pumps are tied to the chiller operation, cycling on and off with the chiller, and
the heating hot water pumps are tied to the boiler operation.

PuMP PART-LOAD CURVE
Applicability: All pumps.
Definition: A part-load power curve for the pump:

CIRC — PUMP — FPLR = a 4+ b(PLR) + ¢(PLR)? 4+ d(PLR)?

Bovmp = Paesign (CIRC — PUMP — FPLR)
Where:

PLR — Part-load ratio (the ratio of operating flow rate in gpm to design flow rate in gpm)
Py — Pump power draw at part-load conditions (W)

P 4o5ign — Pump power draw at design conditions (W)

Refer to Appendix 5.7 for a specification of the default pump part-load curve, and the pump part-load curve if
there is differential pressure reset (if DDC controls are present).

Units: Data structure.

Input Restrictions: Where applicable, curves are prescribed based on system type, see Appendix 5.7.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, DP Reset curve for
chilled water pumps; heating hot water pump power is assumed to be constant even though the pump is
riding the curve.

5.8.6 Variable Refrigerant Flow (VRF) Systems

Variable refrigerant flow systems consist of an outdoor unit and one or more zonal systems as indoor units.
The required system level inputs are shown below. Refer to the HVAC zone level systems chapter for zonal
(indoor) units connected to a VRF system. Equipment performance curves are prescribed and defined in
Appendix 5.4B for VRF systems.
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VRF SYSTEM NAME

Applicability: VRF.

Definition: A unique name designating the VRF System.

Units: None.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
HEAT RECOVERY

Applicability: VRF.

Definition: ldentification if heat recovery (refrigerant loop) is present.
Units: Boolean.

Input Restrictions: None (default : No).

Standard Design: For healthcare facilities, same as the Proposed Design. £
all others, not applicable.

CONTROL PRIORITY
Applicability: VRF.

Definition: A control parameter used to determine when outdoor unit is in heating or cooling_ mode.

Choices include:

s—Load Priority — The total zone load is used to choose the operating mode as either cooling or heating
o ing:
e Master Thermostat Priority — The system operates according to the zone load where the master

thermostat is located.

Units: List (see above):-MasterFhermostatPriority-or-toad-Rriority.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. £
peiesity=For all others, not applicable.

CONTROL ZONE

Applicability: Master Thermostat Control Zone.

Definition: The name of the control zone that controls the outdoor unit, when the Control Priority is Master
Thermostat Priority.

Units: None.
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Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
MINIMUM PART-LOAD RATIO

Applicability: VRF.

Definition: The minimum part-load ratio for the heat pump. Below this ratio the unit will cycle to meet the
load.

Units: Unitless.

Input Restrictions: 0.25 to 1.

Standard Design: For healthcare facilities, same as the Proposed Design.

all others, not applicable.
RATED EER
Applicability: VRF.

Definition: Full load cooling efficiency (Btu/h of net cooling output divided by the electrical energy
consumption in Watts) as specified byper AHRI 1230 rated=+atag conditions.

Units: Btu/h-W.

Input Restrictions: As designed, the user-entered value must meet mandatory minimum requirements of the
Appliance Standards for the applicable equipment type.

Standard Design: For healthcare facilities-ane=VREsystem-with-DOA x5, the minimum heating efficiency from
the Energy Code for the applicable equipment type. For all others, not applicable.
RATED COP

Applicability: VRF.

Definition: Full load heating efficiency (net heating output divided by the electrical energy consumption, both
in the same units) perat AHRI rating conditions.

Units: None.

Input Restrictions: As designed, the user-entered value must meet mandatory minimum requirements of the
Appliance Standards for the applicable equipment type.

Standard Design: For healthcare facilities-ane=VREsystem-with-DOA xS, the minimum heating efficiency from
the Energy Code for the applicable equipment type. For all others, not applicable.

RATED INDOOR TYPE
Applicability: VRF.
Definition: A flag to determine when the VRF system was rated with ducted or unducted indoor units.

Units: List: ducted, unducted.
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Input Restrictions: Not a user input.Nere:

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
EQUIVALENT PIPE LENGTH
Applicability: VRF.

Definition: The equivalent pipe length between the farthest terminal unit and the condensing unit, including
liquid refrigerant line length, fitting losses, and other losses.

Units: ft.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design.
all others, not applicable.

MAX VERTICAL HEIGHT

Applicability: VRF.

Definition: The vertical height difference between the highest or lowest terminal unit and outdoor unit.
Units: ft.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. FerMREsysterm-w Hh-DOAS 11§ For

all others, not applicable.

DEFROST HEAT SOURCE
Applicability: VRF.

Definition: The defrost heat source type.
Units: List — electric or gas.

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. £s
For all others, not applicable.

DEFROST CONTROL STRATEGY

Applicability: VRF.

Definition: The control method for enabling defrost.
Units: List — Timed_Cycle or On_Demand.

Input Restrictions: NeneNot a user input.
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MAXx DEFROST TEMP

Applicability: VRF.

Definition: The maximum outdoor dry-bulb temperature at which defrost will occur.
Units: Degree Fahrenheit (°F).

Input Restrictions: None.

Standard Design: For healthcare facilities, same as the Proposed Design. £

all others, not applicable.

COMPRESSOR QUANTITY

Applicability: VRE.

Definition: The number of compressors represented by the unit.

Units: Unitless integer.

Input Restrictions: None.

Standard Design: EeeMRE-system-with- DOAS1Not applicable.

CRANKCASE HEATER CAPACITY
Applicability: VRF.

Definition: The capacity of the resistive heating element in or around the crank case of a compressor. The
crank case heater operates only when the compressor is off.

Units: W.

Input Restrictions: The value is prescribed to be 10 W per ton (rated net cooling capacity).

Standard Design: £s
CRANKCASE HEATER SHUTOFF TEMPERATURE
Applicability: VRF.

Definition: The outdoor air dry-bulb temperature above which the crankcase heater is not permitted to
operate.

Units: Degree Fahrenheit (°-F).

Input Restrictions: The value is prescribed to be 50°F.

Standard Design: £e
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5.8.7 Plant Management

Plant management is a method of sequencing equipment. Separate plant management schemes may be
entered for chilled water systems, hot water systems, etc. The following building descriptors are specified for
each load range, e.g., when the cooling load is below 300 tons, between 300 tons and 800 tons, and greater
than 800 tons.

EQUIPMENT TYPE MANAGED

Applicability: All plant systems.

Definition: The type of equipment under a plant management control scheme.
Choices include:

Chilled water cooling
Hot water space heating
Condenser water heat rejection
Service water heating
Eloctrical .

Units: List (see above).Nene-

Input Restrictions: As designed.

Standard Design: Same as the proposed design.

EQUIPMENT SCHEDULE

Applicability: All plant equipment.

Definition: A schedule that identifies when the equipment is in service.
Units: Data structure.

Input Restrictions: As-designedPrescribed to be on 24/7, the whole year.

Standard Design: Prescribed to be on 24/7, the whole yearOperationstaging-when-multipleegquipmentis
used.

EQUIPMENT OPERATION
Applicability: All plant equipment.
Definition: Equipment operation can be either on-demand or always-on.

On-demand operation means the equipment cycles on when it is scheduled to be in service and when it is
needed to meet building loads. Otherwise, it is off.

Always-on means that equipment runs continuously when it scheduled to be in service. For the purpose of
the compliance model, always-on is used for equipment such as chillers that are base-loaded, and on-
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demand equipment is scheduled to be on only when the base-loaded equipment (one or more) cannot meet
the load.

Units: None.

Input Restrictions: As-designed:-defawltisNot a user input.-Assume-en-demand-eperation:

Standard Design: Assume on-demand operation.

EQUIPMENT STAGING SEQUENCE
Applicability: All plant equipment.

Definition: The staging sequence for plant equipment (chillers and boilers) indicates how multiple pieces of
equipment will be staged on and off when a single piece of equipment is unable to meet the load. In both the
proposed and standard design, the compliance software uses the optimal sequence to determine plant
staging based on part-load performance. This descriptor is used to identify sequencing when the plant
contains unequal equipment, where the order in which the plant equipment is enabled affects plant energy
use.

Units: Structure — an array, where each element includes a) the load range, in minimum tons and maximum
tons; and b) a list of equipment that is enabled to operate. The equipment will run in the priority matching
the order of the equipment listed.

Input Restrictions: As designed; user may specify load ranges for staging each plant equipment.
Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.

The standard design chiller and boiler plant each consist of one or more equal chillers or boilers, so the
loading order is not applicable.

5.8.8 Thermal Energy Storage

The compliance model inputs below document the requirements to model a chilled water thermal energy
storage system with compliance software. Some systems (ice storage, eutectic salts) cannot be modeled with
compliance software.

THERMAL ENERGY STORAGE SYSTEMS NAME

Applicability: All thermal energy storage systems.

Definition: A unique descriptor for thermal energy storage systems.
Units: Text, unique.

Input Restrictions: Where applicable, this should match the tags that are used on the plans such that a plan
reviewer can make a connection.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.

THERMAL ENERGY STORAGE SYSTEMS TYPE

Applicability: All thermal energy storage systems.
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Definition: The type of thermal energy storage system being used.

Chilled water storage system is the only currently supported option.

Units: List, chilled water.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
DISCHARGE PRIORITY

Applicability: All thermal energy storage systems.

Definition: A descriptor determines whether the storage system or a chiller will operate first to meet cooling
loads during the discharge period. Storage priority will normally provide larger demand charge savings but
requires a larger storage system. Chiller priority allows use of a significantly smaller storage system, but
demand reduction will be smaller.

Units: List storage or chiller.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
OPERATION MODE SCHEDULE

Applicability: All thermal energy storage systems.

Definition: A schedule which controls operating mode of the thermal energy storage system.

A thermal energy storage system can be discharging (supplying chilled water to meet cooling loads), charging
(receiving chilled water to be stored for later use), or off. The operation mode schedule specifies one of these
modes for each of the 8,760 hours in a year.

Units: Data structure — thermal energy storage mode schedule, specifies charging, discharging, or off on an
hourly basis.

Input Restrictions: Not a user input. -Assume-en-demand-operationAs-designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.

RATED CAPACITY

Applicability: All thermal energy storage systems.
Definition: The design cooling capacity of the thermal energy storage system.

The rated cooling capacity of the thermal energy storage system is determined by design flow rate of the
thermal energy storage system and the temperature difference between the fluid system supply and return
water temperature during discharging.

Units: Btu/hr.

Input Restrictions: As designed.
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Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
TANK LOCATION
Applicability: All thermal energy storage systems.

Definition: The location of the heat pump water heater for determining losses and heat energy interaction
with the surroundings.

Units: List zone, outdoors, or underground.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
TANK SHAPE

Applicability: All thermal energy storage systems.

Definition: The shape of the energy storage system tank used to calculate surface area of the tank for heat
gain/loss calculations.

Units: List: Vertical cylinder, Horizontal cylinder, or rectangular.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
TANK VOLUME

Applicability: All thermal energy storage systems.

Definition: The volume of water held in the thermal energy storage system tank.

The tank volume and the rated capacity will determine how long the storage system can meet the load.
Units: Gallons.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
TANK HEIGHT

Applicability: All thermal energy storage systems.

Definition: For vertical cylinder or rectangular tank, the height will be the maximum internal height of water
held in the upright storage tank. For horizontal cylinder tank, the height of the storage tank will be the inner
diameter of the storage tank.

Units: Feet.
Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
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TANK LENGTH TO WIDTH RATIO
Applicability: All thermal energy storage systems.

Definition: The length to width ratio of a rectangular storage tank in plan view. It is required only if tank shape
is rectangular.

If the tank is square, the length to width ratio is one. For a rectangular tank, the ratio will be greater than one
since the length of the tank is always greater than the width of the tank. This is used to determine the surface
area of the tank.

Units: Unitless ratio.

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.
TANK R-VALUE

Applicability: All thermal energy storage systems.

Definition: The insulation applied to the tank used in calculating the tank U-factor.

Units: R-value (h-ft2-F/Btu).

Input Restrictions: As designed.

Standard Design: For healthcare facilities, same as the Proposed Design. For all others, not applicable.

5.9 Miscellaneous Energy Uses

Miscellaneous energy uses are defined as those that may be treated separately since they have little or no
interaction with the conditioned thermal zones or the HVAC systems that serve them.

5.9.1 Service Water Heating System Loads and Configuration

WATER HEATING SYSTEM NAME
Applicability: All water heating systems.
Definition: A unique descriptor for each water heating system.

A system consists of one or more water heaters, a distribution system, an estimate of hot water use, and a
schedule for that use. Nonresidential buildings will typically have multiple systems, perhaps a separate
electric water heater for each office break room, etc. Other building types such as hotels and hospitals may
have a single system serving the entire building.

Units: Text, unique.

Input Restrictions: Where applicable, this should match the tags that are used on the plans such that a plan
reviewer can make a connection.
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Standard Design: The naming convention for the standard design system shall be similar to the proposed
design.

WATER HEATING PEAK USE
Applicability: All water heating systems, required.

Definition: An indication of the peak hot water usage (e.g., service to sinks, showers, kitchen appliances, etc.).
When specified per occupant, this value is multiplied by design occupancy density values and modified by
service water heating schedules to obtain hourly load values which are used in the simulation.

Peak consumption is commonly specified as gallons per hour (gph) per occupant, dwelling unit, hotel room,
patient room, or floor area. If consumption is specified in gph, then additional inputs would be needed such
as supply temperature, cold water inlet temperature, etc.

Compliance software that specifies peak use as a thermal load in Btu/h can apply ACM rules for the mains
(cold water inlet) temperature and supply temperature to convert the prescribed peak use from gph/person
to Btu/h-person. The thermal load does not include conversion efficiencies of water heating equipment.

Units: gph/person.

Input Restrictions: For nonresidential spaces_and residential living spaces of hotels and motels (guestrooms),
prescribed values from Appendix 5.4A if a service hot water heating system is installed; otherwise, all values
are 0.

For multifamily spaces-and-residentiaHiving-spaces-ef-hotels-and-motels{guestreems); the rules in Chapter 6

Multifamily Building Descriptors Reference of the Nonresidential ACM Reference Manual are followed.

Standard Design: Prescribed values from Appendix 5.4A if a service hot water heating system is installed;
otherwise, all values are 0.

For multifamily spaces-and-residentiaHiving-spaces-ef-hotels-and-motels{guestreems); the rules in Chapter 6

Multifamily Building Descriptors Reference of the Nonresidential ACM Reference Manual are followed.

WATER HEATING SCHEDULE

Applicability: All water heating systems.

Definition: A fractional schedule reflecting the time pattern of water heating use.
This input modifies the water heating peak use described above.

Units: Data structure — schedule, fractional.

Input Restrictions: The schedules from Appendix 5.4A shall be used. For multifamily spaces-and-residential
living-spaces-of-hotels-and-meotels{guestreems)}, the rules in Chapter 6 Multifamily Building Descriptors

Reference of the Nonresidential ACM Reference Manual are followed.

Standard Design: The schedules from Appendix 5.4A shall be used. For high-rise-residentialmultifamily spaces
and-residentiaHivingspaces-ef-hotels-and-metels{guestrooms)}, the rules in Chapter 6 Multifamily Building

Descriptors Reference of the Nonresidential ACM Reference Manual are followed.
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WATER HEATING SYSTEM CONFIGURATION
Applicability: All water heating systems.

Definition: The configuration and layout of the water heating system including the number of water heaters;
the size, location, length, and insulation of distribution pipes; recirculation systems and pumps; and any other
details about the system that would affect the energy model.

Units: Data structure.
Input Restrictions: None.

Standard Design: For healthcare facility spaces, the same as proposed. For multifamily buidings;spaces the
rules in Chapter 6 Multifamily Building Descriptors Reference of the Nonresidential ACM Reference Manual
shall be followed.

For all other spaces, the standard design shall have one gas storage water heater if any of the spaces have a
Space Water Heating Fuel Type of Gas (from Appendix 5.4A), and the standard design building will have on
electric water heater if the any of the spaces have a Space Water Heating Fuel Type of Electric.

Standard Design: Existing Buildings: Same as proposed if proposed system is existing.

WATER MAINS TEMPERATURE SCHEDULE

Applicability: All water heating systems.

Definition: A monthly temperature schedule indicating the water mains temperature.

This temperature and the setpoint temperature are used to convert the load into a water flow rate.
Units: Data structure — schedule, °F.

Input Restrictions: For nonresidential spaces and residential living spaces of hotels and motels (guestrooms),
the schedules from Appendix 5.4A shall be used. The water mains temperature schedule shall be fixed for a
given climate zone.

For multifamily spaces-andresidentiaHivingspaces-ef-hotelsand-metels{guestrooms}, the rules in Chapter 6

Multifamily Building Descriptors Reference of the Nonresidential ACM Reference Manual are followed.

Standard Design: For nonresidential spaces_and residential living spaces of hotels and motels (guestrooms),
the schedules from Appendix 5.4A shall be used. The water mains temperature schedule shall be fixed for a
given climate zone.

For high-rise-residentiaimultifamily spaces-andresidential-living spaces-oef-hotels-and-motels{guestrooms),

the rules in Chapter 6 Multifamily Building Descriptors Reference of the Nonresidential ACM Reference
Manual are followed.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.
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5.9.2 Water Heaters

This chapter describes the building descriptors for water heaters. Typically, a building will have multiple water
heating systems and each system can have multiple water heaters, so these building descriptors may need to
be specified more than once.

WATER HEATER NAME
Applicability: All water heaters.
Definition: A unique descriptor for each water heater in the system.

Some systems will have multiple pieces of equipment. For instance, a series of water heaters plumbed in
parallel or a boiler with a separate storage tank.

Units: Text, unique.

Input Restrictions: Where applicable, this should match the tags that are used on the plans such that a plan
reviewer can make a connection.

Standard Design: The naming convention for the standard design system shall be similar to the proposed
design.

WATER HEATER TYPE AND SIZE
Applicability: All water heaters.

Definition: This building descriptor includes information needed to determine the criteria from baseline
standards. The choices and the associated rated capacity (heat input rate) are listed in the 2015 Appliance
Efficiency Regulations, except that oil-fired water heaters and boilers are not supported.

Units: List conventional, heat pump split, or heat pump packaged.
Input Restrictions: As designed.

Standard Design: For healthcare facility spaces, the same as proposed. For all other spaces, the standard
design shall have one gas storage water heater if any of the spaces have a space water heating fuel type of
gas (from Appendix 5.4A), and the standard design building will have on electric water heater if the any of the
spaces have a space water heating fuel type of electric.

For school buildings less than 25,000 square feet and less than four steriesfloors in climate zones 2 through
15, the standard design shall have a heat pump water heating system.

For multifamily spaces-andresidentiaHiving-spaces-of-hotels-and-motels{guestreems), the rules in Chapter 6

Multifamily Building Descriptors Reference of the Nonresidential ACM Reference Manual are followed.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.

RATED CAPACITY

Applicability: All water heaters.
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Definition: For gas and electric resistance water heaters, the heating capacity of a water heater (input rate) at
the rated conditions specified in DOE 10 CFR Part 430 or ANSI Z21.10. For heat pump water heaters, the rated
heating capacity supplied to the water (output rate).

Units: Thousands of British thermal units per hour (MBH).
Input Restrictions: As designed.

Standard Design: The capacity of the standard design water heaters will be based on the larger of the total
design hot water consumption rate (gallons/hr) of all the spaces in the building or 75 gallons per hour. The
consumption rate is converted to Btu/hr (x (design supply temp — 55) x 8.2877 pounds/gallon x 1 Btu/pound-
F). That value is multiplied by 0.60 to find the heat that must be supplied to the water.

All of the water heaters in the proposed design are similarly converted to a total Btu/hr heat output, summed
across the water heaters, and multiplied by 0.60.

The standard design uses the smaller of these values and divides by thermal efficiency to find energy input.

If the standard design has both a gas water heater and an electric water heater, the total capacity will be pro-
rated between the two based on the total hot water consumption rate of the spaces with water heating fuel
type of electric or gas.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.
STORAGE VOLUME
Applicability: Storage water heaters.

Definition: The volume of a storage water heater used in the standby loss calculations and standard design
calculations of energy factor and uniform energy factor.

Units: Gallons.
Input Restrictions: As designed.

Standard Design: The volume of the standard design water heaters will be based on the larger of the total
design hot water consumption rate (gallons/hr) of all the spaces in the building or 75 gallons per hour. That
value is multiplied by 1 hour and 0.40 to determine the storage volume.

All of the water heaters in the proposed design are similarly converted to a total Btu/hr heat output, summed
across the water heaters. This value is multiplied by 0.40 and converted to gallons (design supply temp —55) /
8.2877 pounds/gallon / 1 Btu/pound-F x 1 hr).

The standard design uses the smaller of these values.

For school buildings less than 25,000 square feet and less than 4 steriesfloors in climate zones 2 through 15,
the standard design shall have at a minimum 1 heat pump water heater with a storage volume calculated
based on the total design hot water consumption rate of all spaces in the building.

If the standard design has both a gas water heater and an electric water heater, the total volume will be pro-
rated between the two based on the total hot water consumption rate of the spaces with water heating fuel
type of electric or gas.
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For multifamily spaces-and-residentiaHiving-spaces-ef-hotels-and-motels{guestreems); the rules in Chapter 6

Multifamily Building Descriptors Reference of the Nonresidential ACM Reference Manual are followed.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.

INPUT POWER

Applicability: Heat pump water heaters.

Definition: The total design electrical input to a heat pump water heater at design conditions.
This power includes the input to the compressor, controls, evaporator fan, and pump (if present).
Units: Kilowatts (kW).

Input Restrictions: As designed.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.

STORAGE TANK LOCATION

Applicability: Heat pump water heaters.

Definition: The location of a heat pump water heater.

Units: List:

Conditioned
Unconditioned

Input Restrictions: List see above.
Standard Design:

ENERGY FACTOR

Applicability: Equipment covered by the National Appliance Energy Conservation Act (NAECA), which includes
small storage and instantaneous water heaters.

Definition: The energy factor (EF) is the ratio of the energy delivered by the water heater divided by the
energy used, in the same units. EF is calculated according to the DOE 10 CFR Part 430 test procedure, which
specifies a 24-hour pattern of draws, a storage temperature, inlet water temperature, and other test
conditions. These conditions result in the energy delivered for the test period. Energy inputs are measured
for the same test period and the EF ratio is calculated.

Units: Unitless ratio.

Input Restrictions: Building descriptors for the proposed design should be consistent with equipment
specified on the construction documents or observed in the candidate building.
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For storage water heaters manufactured after June 1, 2017, that contain a Uniform Energy Factor, the EF shall
not be input by the user, but shall be calculated by:

(N?PUa) — (NUb) —NZPUa)

—d(U—=N)Fc(N2P=NPU)=Ub ¥ NPUa

Where:

F — Energy Factor

N — Recovery Efficiency
P — Power Input (W)
U — UEF

Draw Pattern (see the following descriptors)

e Very Small
o a—0.250266
o b—575
o ¢ —0.039864
o d—675

e Llow
o a—0.065860
o b—575
o ¢ —0.039864
o d—675

e Medium
o a—0.045503
o b—575
o ¢ —0.039864
o d—675

e High
o a—0.029794
o b—575

o ¢ —0.039864
e d — 67.5VerySmall
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For instantaneous electric water heaters manufactured after June 1, 2017, hatecentain-with a Uniform
Energy Factor, the EF shall not be input by the user, but shall be equal to the calculated recovery efficiency.

For instantaneous gas-fired water heaters manufactured after June 1, 2017, hatesntain-with a Uniform
Energy Factor, the EF shall not be input by the user, but shall be calculated by:

F =N x0.9734 + 0.01835

Where:

F — Energy Factor

N — Recovery Efficiency

Standard Design: For nonresidential buildings and nonresidential spaces, the energy factor for the standard
design system shall be determined from the Appliance Efficiency Regulations.

For multifamily spaces-and-residentiaHivingspaces-of-hotels-and-metels{guestrooms), the rules in Chapter 6

Multifamily Building Descriptors Reference of the Nonresidential ACM Reference Manual are followed.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.

UNIFORM ENERGY FACTOR

Applicability: Equipment covered by NAECA that is rated after June 1, 2017, with a Uniform Energy Factor
(UEF) that includes small storage and instantaneous water heaters.

Definition: The UEF defines an efficiency level for a specific targeted use pattern.
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Units: Unitless ratio.

Input Restrictions: Must meet mandatory minimum requirements defined by federal or state appliance
efficiency standards.

Standard Design: For school buildings less than 25,000 square feet and less than 4 steriesfloors in climate
zones 2 through 15, the standard design shall a heat pump water heater with a UEF of 2.15.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.
FIRST HOUR RATING
Applicability: Water heating storage tanks with a UEF rating.

Definition: The first hour rating is a measure of the overall capacity of the water heater that incorporates both
the heat input rate and the tank storage capacity and is used to determine the draw pattern.

Units: gal/hr.
Input Restrictions: As designed.

Standard Design: For school buildings less than 25,000 square feet and less than 4 steriesfloors in climate
zones 2 through 15, the standard design shall be based on a heat pump water heater with a First Hour Rating
of 75

Standard Design: Existing Buildings: Same as proposed if water heater is existing.

DESIGN FLOW RATE

Applicability: Instantaneous water heater.

Definition: Water flow rate of an instantaneous water heater and is used to determine the draw pattern.

Units: gal/hr.

Input Restrictions: As designed.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.

DRAW PATTERN
Applicability: Storage water heating tanks with a UEF rating.

Definition: The draw pattern is determined as: very small, low, medium, or high from the user entry of first
hour rating (FHR) or flow rate depending on the type of the water heater.

Table 22232148: Draw Pattern

Draw Pattern Storage Instantaneous

299



20252 ACM Reference Manual Miscellaneous Energy Uses

Very small <18 gal/hr <1.7 gpam
Low > 18 gal/hr and < 51 gal/hr >1.7gpmand < 2.8 gpm
Medium > 51gal/hr and < 75 gal/hr >2.8gpmand <4 gpm
High > 75 gal/hr 24 gpm
Very smal:0-18 gal/hr
Low:18-51 galthr
Units: List:
Very small
Low
Medium
High

Input Restrictions: Not user editable. Draw pattern is determined from FHR or flow rate user input.

Standard Design: For school buildings less than 25,000 square feet and less than 4 steriesfloors in climate
zones 2 through 15, the standard design shall be based on a heat pump water heater with a draw pattern of
llHith.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.
THERMAL EFFICIENCY
Applicability: Oil and gas-fired water heaters or gas-service water heater systems not covered by NAECA.

Definition: The full load efficiency of a water heater at rated conditions expressed as a dimensionless ratio of
output over input. It is also referred to as recovery efficiency.

Units: Unitless ratio.

Input Restrictions: Building descriptors for the proposed design should be consistent with equipment
specified on the construction documents or observed in the candidate building.

Standard Design: For nonresidential buildings and nonresidential spaces, the thermal efficiency is determined
from Table F-2 in the Appliance Efficiency Regulations.

For multifamily spaces-and-residentiaHivingspaces-of-hotels-and-meotels{guestrooms), the rules in Chapter 6

Multifamily Building Descriptors Reference of the Nonresidential ACM Reference Manual are followed.

Standard Design: Existing Buildings:
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Baseline efficiency is set from the Appliance Efficiency Regulations
TANK STANDBY Loss
Applicability: Water heaters not covered by NAECA.
Definition: The tank standby loss for storage tanks, which includes the effect of recovery efficiency.
Units: Btu/h for the entire tank.
Input Restrictions: Standby loss is calculated as:
STBY =577.5xS X VOL
Where:

e S — The standby loss fraction listed in the CEC’s Appliance Database of Certified Water Heaters
e VO — The actual storage capacity of the water heater as listed in the CEC’s Appliance Database of
Certified Water Heaters (gallons)

Standard Design: Table F-2 of the Appliance Efficiency Standards.
TANK OFF-CYCLE LoSS COEFFICIENT

Applicability: Water heaters.

Definition: The tank standby loss coefficient (UA) for the water heater.

For small water heaters covered by NAECA, the loss coefficient is a derived parameter, a function of the EF
and recovery efficiency.

Units: Btu/h - °F.

Input Restrictions: For NAECA covered water heaters, the loss coefficient is calculated by:

1 _1
A= EF _RE
24 1
675 (71091 ~ REC.Y)

Where:

o EF — The energy factor of the rated water heater (unitless)
e RE — The recovery efficiency of the rated water heater. If this data is not available, the default shall
be 0.78 for gas water heaters and 0.93 for electric water heaters.
e P,. — Theinput power to the water heater, in Btu/h
Standard Design: For nonresidential spaces, 10 Btu/h-F. For multifamily spaces and residential living spaces of

hotels and motels (guestrooms), the rules in Chapter 6 Multifamily Building Descriptors Reference of the
Nonresidential ACM Reference Manual are followed.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.

The baseline loss coefficient for NAECA water heaters shall be10 Btu/h-F for gas-fired water heaters
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OFF CYCLE PARASITIC LOSSES

Applicability: Water heaters.

Definition: The rate of parasitic losses, such as a pilot light or controls, when the water heater is not heating.
Units: Watts.

Input Restrictions: As designed.

Standard Design: O.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.

OFF CYCLE FUEL TYPE

Applicability: Water heaters.

Definition: The type of fuel that serves energy using parasitic equipment, such as a pilot light or controls,
when the water heater is not heating.

Units: List electricity, gas, oil, or propane.

Input Restrictions: As designed.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.
ON-CYCLE PARASITIC LOSSES

Applicability: Water heaters.

Definition: The rate of parasitic losses, such as a pilot light or controls, when the water heater is not heating.
It may be different than off-cycle losses if the flue energy is considered.

Units: Watts.

Input Restrictions: As designed.

Standard Design: Not applicable.

Existing Buildings: Same as proposed if water heater is existing.
ON-CYCLE FUEL TYPE

Applicability: Water heaters

Definition: The type of fuel that serves energy using parasitic equipment, such as a pilot light or controls,
when the water heater is not heating

Units: List electricity, gas, oil, or propane
Input Restrictions: As designed

Standard Design: Not applicable
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Standard Design: Existing Buildings: Same as proposed if water heater is existing.
WATER HEATER AMBIENT LOCATION
Applicability: Water heaters.

Definition: The location of the water heater for determining losses and energy interaction with the
surroundings.

Units: List schedule, zone, outdoors.

Input Restrictions: As designed.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.
WATER HEATER COMPRESSOR LOCATION

Applicability: Heat pump water heaters.

Definition: The location of the heat pump compressor for determining losses and energy interaction with the
surroundings.

The air temperature at the compressor location also controls the compressor’s crankcase heater operation.
Units: List zone, outdoors.

Input Restrictions: As designed

Standard Design: Not applicable

Standard Design: Existing Buildings: Same as proposed if water heater is existing.

TANK STANDBY LOSS FRACTION

Applicability: Storage tank water heaters.

Definition: The tank standby loss fraction for storage tanks.

Units: Unitless.

Input Restrictions: Prescribed to the value listed in the Appliance Database of Certified Water Heaters.
Standard Design: Not applicable.

The part-load curve procedure in Title 24 can be an alternate method of specifying the effects of standby and
parasitic losses on performance. The primary method is to specify a loss coefficient for the storage tank.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.
FUEL WATER HEATER PART-LOAD EFFICIENCY CURVE
Applicability: Water heating equipment for which a loss coefficient is not specified (alternate method).

Definition: A set of factors that adjust the full-load thermal efficiency for part load conditions; set as a curve.
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Units: Percent (%).

Input Restrictions: The following prescribed curve shall be used based on user inputs. The curve shall take the
form of a quadratic equation as follows:

Fuelp,,w,,,,,,, = Fuel,q,,c,-gﬂ X FHeatPLC

FHeatPLC = ( a+bl M\\
Qrated //

For Title 24, the coefficients shall be determined by:

_ STBY
a =

_ (INPUT x RE) — STBY
— SRL

SRL X Fynpi(n)
INFPUT X KE

PLR, =

Recovery efficiency substituted with thermal efficiency when applicable.

For boilers, instantaneous gas, or other storage type water heaters, not in the scope of covered consumer
products as defined in the Title 10 or the Code of Federal Regulations, Part 430:

STBY =577.5x S xVOL

Required inputs and standard and proposed design assumptions depend on the type of water heater and
whether or not it is a DOE covered consumer product.

Where:

FHeatPLC — The fuel heating part load efficiency curve

Fuel,q,t10aa — The fuel consumption at part-load conditions (Btu/h)
Fuely,sign — The fuel consumption at design conditions (Btu/h)

Qparticaa — The water heater capacity at part-load conditions (Btu/h)
Qratea — The water heater capacity at design conditions (Btu/h)

PLR,, — Part-load ratio for the n' hour and shall always be less than 1
INPUT — The input capacity of the water heater expressed in Btu/hr
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STBY — Hourly standby loss expressed in Btu/hr. For large storage gas water heaters, STBY is listed in
the CEC’s appliance database. The value includes pilot energy and standby losses. For all systems, refer
to equation N2-62.

SRL — The standard recovery load, taken from Appendix 5.4A, in Btu/hr, adjusted for the number of
occupants according to the occupancy schedules.

S — The standby loss fraction listed in the CEC’s Appliance Database of Certified Water Heaters

VOL — The actual storage capacity of the water heater as listed in the Appliance Database of Certified
Water Heaters

Standard Design: Not applicable.
Standard Design: Existing Buildings: Same as proposed if water heater is existing.

SERVICE WATER HEATING HEAT RECOVERY

Applicability: Water heating systems with heat recovery from the mechanical cooling system.

Definition: Service hot water heat recovery is the process by which recovered waste heat from the cooling
system is used to pre-heat or heat the service hot water system.

Units: None

Input Restrictions: As designed.

Standard Design: The standard design will include service hot water heat recovery if the conditions of
140.4(r)2 are met.

Standard Design: Existing Buildings: Not applicable.

5.9.3 Recirculation Systems

This chapter describes the building descriptors for hot water recirculation systems. For nonresidential
application, recirculation systems are not modeled. For multifamily, the standard design has a recirculation
system when the proposed design does.

Recirculating systems shall follow the rules set forth in Appendix B: Water Heating Calculation MethodE-efthe

5.9.4 Water Heating Auxiliaries

EXTERNAL STORAGE TANK INSULATION

Applicability: All water heating systems that have an external storage tank.

Definition: Some water heating systems have a storage tank that is separate from the water heater(s) that
provides additional storage capacity. This building descriptor addresses the heat loss related to the external
tank, which is an additional load that must be satisfied by the water heater(s).

Units: R-value (h-ft?>-F/Btu).

Input Restrictions: As specified in manufacturer data and documented on the construction documents.
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Standard Design: Heat loss associated with the storage tank in the standard design shall meet the
requirements for an unfired storage tank in the baseline standards which is an insulation R-value of 12.5. The
surface area and location of the storage tank shall be the same as the proposed design.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.
EXTERNAL STORAGE TANK AREA
Applicability: All water heating systems that have an external storage tank.

Definition: Some water heating systems have a storage tank that is separate from the water heater(s) that
provides additional storage capacity. This documents the entire exterior surface area of the tank.

Units: ft?.

Input Restrictions: As specified in manufacturer specifications.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.
EXTERNAL STORAGE TANK LOCATION

Applicability: All water heating systems that have an external storage tank.

Definition: Location of the storage tank, used to determine the heat loss rate and energy exchange with the
surroundings.

Units: List schedule, zone, outdoors.

Input Restrictions: As designed.

Standard Design: Not applicable.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.
SOLAR THERMAL

Applicability: Water heating systems with a solar thermal system.

Definition: A solar thermal water heating system consists of one or more collectors. Water is passed through
these collectors and is heated under the right conditions. There are two general types of solar water heaters:
integrated collector storage (ICS) systems and active systems. Active systems include pumps to circulate the
water, storage tanks, piping, and controls. ICS systems generally have no pumps and piping is minimal.

Solar systems may be tested and rated as a complete system or the collectors may be separately tested and
rated. Solar Rating & Certification Corporation (SRCC) OG-300 is the test procedure for whole systems and
SRCC 0OG-100 is the test procedure for collectors. The building descriptors used to define the solar thermal
system may vary with each compliance software application and with the details of system design.

The solar fraction shall be estimated by the f-chart procedure for solar water heating systems.

Units: Unitless fraction.
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Input Restrictions: For multifamily buildings, the solar fraction provided by the solar DHW system shall be
between 0 and 1. For all other buildings, the value is 0 (solar thermal may not be modeled for compliance.).

Standard Design: The standard design has no solar auxiliary system.

COMBINED SPACE HEATING AND WATER HEATING

Applicability: Projects that use a domestic hot water water heater to provide both space heat and water
heating.

Definition: A system that provides both space heating and water heating from the same equipment, generally
a domestic hot water heater. Such systems are restricted by the baseline standards but may be modeled in
the candidate building. The restrictions are due to the misalignment of the space heating load and the water
heating load. The first is highly intermittent and weather dependent, and the latter is more constant and not
generally weather-related.

Units: Data structure.
Input Restrictions: The proposed design may have a combined space and water heating system.

Standard Design: The standard design shall be modeled with separate space heating and water heating
systems.

Standard Design: Existing Buildings: Same as proposed if water heater is existing.

5.9.5 Exterior Lighting

Outdoor lighting requirements are specified in §Section 140.7 of the Energy Code. Outdoor lighting shall not
be modeled in the proposed design or standard design, and no tradeoffs are available with other building end
uses or systems. Outdoor lighting shall meet all prescriptive requirements in the Energy Code.

5.9.6 Other Electricity Use

This set of building descriptors should be used to include any miscellaneous electricity use that would add to
the electric load of the building and would be on the building meter. These energy uses are assumed to be
outside the building envelope and do not contribute heat gain to any thermal zone.

MISCELLANEOUS ELECTRIC POWER

Applicability: All buildings with miscellaneous electric equipment located on the building site.
Definition: The power for miscellaneous equipment.

Units: Watts (W).

Input Restrictions: As designed.

Standard Design: Same as the proposed design.

MISCELLANEOUS ELECTRIC SCHEDULE

Applicability: All buildings with miscellaneous electric equipment located on the building site.
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Definition: The schedule of operation for miscellaneous electric equipment that is used to convert electric
power to energy use.

Units: Data structure — schedule, fractional.
Input Restrictions: The schedule specified for the building should match the operation patterns of the system.
Standard Design: Same as the proposed design.

5.9.7 Other Gas Use

This set of building descriptors should be used to include any miscellaneous gas use that would add to the
load of the building and would be on the building meter. These energy uses are assumed to be outside the
building envelope and do not contribute heat gain to any thermal zone.

OTHER GAS POWER

Applicability: All buildings that have commercial gas equipment.

Definition: Gas power is the peak power which is modified by the schedule (see below).
Units: Btu/h-ft2.

Input Restrictions: As designed.

Standard Design: Same as the proposed design.

OTHER GAS SCHEDULE

Applicability: All buildings that have commercial gas equipment.

Definition: The schedule of operation for commercial gas equipment that is used to convert gas power to
energy use.

Units: Data structure — schedule, fractional.
Input Restrictions: Continuous operation is prescribed.

Standard Design: Same as the proposed design.

5.100nsite Energy Generation and Storage

5.10.1 Onsite Photovoltaic Energy Generation
PHOTOVOLTAIC (PV) RATED CAPACITY

Applicability: All buildings that-havewith onsite photovoltaic serergy generation.

Definition: The rated BE€-capacity of the PV system in kilowattsgc.
Units: KWgc.

Input Restrictions: Non-negative value.
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Standard Design: F
5pee+ﬁed—£er—eaeh—spaee—ﬁunetren—The standard de5|gn PV system is based on requirements in 2025 Title 24
Part 6, Section 140.10(a). The PV capacity of the building is based on the PV capacity for each space where
mapping of the space function to PV capacity building type is documented in Appendix C. When the PV
system meets one of the prescriptive exceptlons the standard design is modeled W|th a PV svstem consistent
with that prescriptive exception. - , ;
n-AppendixEC: The minimum capacity is the smaller of the minimum rated PV system capautv system size
determined by Equation 140.10-A shown below, or the total of all available Solar Access Roof Areas (SARA)
(Solar Access Roof Area) multiplied by 18 for steep-sloped roofs or SARA multiplied by 14 for low-sloped
roofs.

Zrll CFA; X A;
1000

kWDI/rIr =

Where:

kWpvgyc = Capacity of the building’s PV system in kWgc

CFA, = Conditioned floor area in square feet of the it" space

A; = PV capacity factor for the it space’s space function given the mapping of space function to
building type from Appendix 5.4A and the buildingtype-PV requirement by building type from Table
140.10-A in the Building Energy Efficiency-StandardsEnergy Code as described in Appendix C

PV MODULE TYPE

Applicability: All buildings that-havewith onsite photovoltaic erergy-generations.

Definition: The type of photovoltaic module that makes up the system.

Compliance software offers two module options:

Standard is a typical poly- or mono-crystalline silicon module, with efficiencies of 14-17 percent.

Premium is appropriate for modeling high efficiency (approximately 18-20 percent) monocrystalline silicon
modules that have anti-reflective coatings and lower temperature coefficients.

Units: List: Standard,-e¥ Premium.

Standard Design: Standard module type.

ANNUAL SOLAR ACCESS

Applicability: All buildings that-havewith onsite photovoltaic_erergy-generations.

Definition: The annual solar insolation (accounting for shading obstructions) divided by the total annual solar
insolation if the same areas were unshaded by those obstructions.

Units: Percent.

Input Restrictions: 0-100 percent.
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Standard Design: 98 percent.

MoDULE LEVEL POWER ELECTRONICS

Applicability: All buildings that-havewith onsite photovoltaic erergy-generations.

Definition: The type of power electronics present in each photovoltaic module.

Units: List: rereNone, Microinverters,-er DC Power Optimizers.

Standard Design: reneNone.

PV TRACKING (ARRAY TYPE)

Applicability: All buildings that-havewith onsite photovoltaic senrergy generation.

Definition: WhetherornotP\-systemsareThe tracking mechanism used to improve efficiency of electricity
generation. Options are fixed, -er-use-one-axis or two-axis-trackingrechanisms-to-improve-electricity
generation.

Units: None.

Input Restrictions: List: None, 1-axis, 2-axis.

Standard Design: Nere-Fixed

CALIFORNIA FLEXIBLE INSTALLATION (CFI)

Applicability: All buildings that-havewith onsite photovoltaic erergy-generations that choose to not model
actual installation.

Definition: Whether or not PV system installation adheres to CFl limits, in which case azimuth and tilt
specification is not required. All panels must have no shading except for horizon shading of no more than 2%
of annual solar access.

CFI1 allows the PV installation at any orientation with an azimuth from 150 to 270 degrees on a roof with a
pitch from 0:12 to 7:12.

CFI2 allows the PV installation at any orientation with an azimuth from 105 to 300 degrees on a roof with a
pitch from 0:12 to 7:12. CF2 reduces PV production by 10% compared to CF1. To meet the Total LSC, the
difference can be made up by increasing PV size by 10% or increasing energy efficiency features or through

battery storage.

Units: None.
Input Restrictions: List: n/a, CFI1, CFI2.

Standard Design: CFI1.
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Standard Design: Existing Buildings: Same as the proposed.

PV AzZIMUTH

Applicability: All buildings that-havewith onsite photovoltaic erergy-generations and that no do not
adherechoose to use CFl1 or CFI2 selection_limits.

Definition: The azimuth in degrees from true North (180F for South, for irstaneeexample). Not applicable for
building-integrated panels or panels installed with no tilt.

Units: Degrees.

Input Restrictions: 0 to 360 degrees.

Standard Design: 170 degrees (face South).

PV TiLT

Applicability: All buildings that-havewith onsite photovoltaic s-enrergy-generation and that re-denet
adherechoose to use CFI1 or CFI2 selection limits.

Definition: The tilt of the PV panels from horizontal, in degrees.
Units: Degrees.
Input Restrictions: 0 to 90 degrees.

Standard Design: 22.61 degrees (equivalent to 5:12 roof pitch).

PV INVERTER EFFICIENCY

Applicability: All buildings that have onsite photovoltaic_energy-generations and detailed inputs is selected.

Definition: The rated efficiency of the inverter in converting DC to AC power.
Units: Percent.

Input Restrictions: 0-100 percent.

Standard Design: 96 percent.

5.10.2 Battery Energy Storage System (BESS)

BATTERY ENERGY STORAGE SYSTEM MINIMUM RATED USABLE ENERGY CAPACITY

Applicability: All buildings that-havewith an onsite battery energy storage system.

Definition: The minimum rated usable energy storage capacity of all onsite battery energy storage_systems, in
kWhpatt.
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Units: KWhpatt.
Input Restrictions: Positive number.

Standard Design:

Fequ#ed—sterageeapaerty—wépeemedieeméhﬁéua#spaeeiuﬂehens—%e mapping of space functlon to battery
storage capaC|ty factor factor by building type is documented in Appendlx CE. Fhecapaeity-isealetlatedas

If SARA is not Hmitedused to determine then the PV system capacity, thear the minimum rated useable
energy capacity is based on the battery energy storage system capacity, Equation 140.10-B:"

YTCFA; X B;

kWh in =
batt,min 1000 x \/f

Where:
kWhoatt, min = Minimum rated useable energy capacity of the battery energy storage system in kWh

CFA; = Conditioned floor area in square feet of the i" space that is subject to the PV system
requirements

B; = Battery energy storage system capacity factor for the i" space’s space function given the mapping
of space function to building type from Appendix 5.4A and the battery requirement by building type
from Table 140.10-B in the Energy Code as described in Appendix C Appendix 5.4A battery energy
storage system capacity factor in kWh per square feet for the i space’s space function given the
mapping of space function to building type from Appendix 5.4A and the building type battery
requirement from Table 140.10-B in the Building Energy Efficiency StandardsEnergy Code

C = Rated single charge-discharge cycle AC to AC (round-trip) efficiency of the battery energy storage
system

If SARA is Himitedused to determine the PV system capauty, thaen the minimum rated useable energy

capacity; SARA-adjusted-is based on -en-
usable-energy-capacity,-SARA-adjusted;-Equation 140.10-C:
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Y1 CFA; X B;  kWpyqcsara
X
1000 x v/C kWpyac

kthatt,min =

Where:
kWhbatt, min = Minimum rated useable energy capacity of the battery energy storage system in kWh

CFA; = Conditioned floor area in square feet of the i" space that is subject to the PV system
requirements

Bi = Battery energy storage system capacity factor for the i" space’s space function given the mapping
of space function to building type from Appendix 5.4A and the battery requirement by building type
from Table 140.10-B in the Energy Code as described in Appendix CAppendix 5.4A battery energy
storage system capacity factor in kWh per square feet for the i space’s space function given the
mapping of space function to building type from Appendix 5.4A and the building type battery
requirement from Table 140.10-B in the Building Energy Efficiency StandardsEnergy Code

C = Rated single charge-discharge cycle AC to AC (round-trip) efficiency of the battery energy storage
system

kWopvge = Minimum rated PV system Ccapacity of the building’s PV system in kW as described
icalculated n Section 140.10(a)per Equation 140.10-A

kWopvdc, sara = Minimum rated PV system capacity in kW from the SARA calculation, as described in
Section 140.10(a)

BESS ATFERY-CHARGING/ DISCHARGING RATE OR ROUNDTRIP EFFICIENCIES

Applicability: All buildings that-havewith an onsite battery energy storage system.
Definition: The efficiency of charging and discharging electricity to and from the battery.
Units: Fraction.

Input Restrictions: Positive number.

Standard Design: The standard design charge and discharge efficiencies are 95%.
Standard Design: Existing Buildings: Same as the proposed.

BATFERY-BESS CHARGING/DISEHARGING RATES-{MINIMUM RATED POWER) CAPACITY

Applicability: All buildings that-havewith an onsite battery energy storage system.

Definition: FhisHistThe rated minimum power capacity -at-which-a battery can store-energy-electricity-from

based on the battery energy storage system minimum rated usable energy capacity.

313



20252 ACM Reference Manual Onsite Energy Generation and Storage

Units: kW.

Input Restrictions: Positive number.

, , Jeitvisd ined-by-indiwvi uneten: The
rated power capacity of a battery energy storage system ratedpowercapacity-is based on the minimum rated
useable energy capacity of the battery energy storage system determined by Equation 140.10-B or if SARA is
limited, by Equation 140.10-Cand-fthe SARA-islimitedwasused-to-determine-the PV systemcapacity. The
mapping of space function to battery storage capacity factor by building type is documented in Appendix C.

If SARA is not limitedused to determine the PV system capacity, thean the minimum rated useable energy
capacity is based on the battery energy storage system capacity, Equation 140.10-B:"

Y™ CFA; X B;

kWhhnrrmi‘n = —
’ 1000 X VC

Where:

kKWhpatt, min = Minimum rated useable energy capacity of the battery energy storage system in kWh

CFA, = Conditioned floor area in square feet of the it" space that is subject to the PV system
requirements

B; = Battery energy storage system capacity factor for the i" space’s space function given the mapping
of space function to building type from Appendix 5.4A and the battery requirement by building type
from Table 140.10-B in the Energy Code as described in Appendix C Appendix 5.4A battery energy
storage system capacity factor in kWh per square feet for the i space’s space function given the
mapping of space function to building type from Appendix 5.4A and the building type battery
requirement from Table 140.10-B in the Building Energy Efficiency StandardsEnergy Code

C = Rated single charge-discharge cycle AC to AC (round-trip) efficiency of the battery energy storage
system

If SARA is limitedused to determine the PV system capacity, thaen the minimum rated useable energy
capacity, SARA-adjusted, is based on the SARA-adjusted battery energy storage system minimum rated usable
energy capacity, SARA-adjusted, Equation 140.10-C:

NCFA; X B; kW,
KWhy ot min = 21 - - X Pvac,SARA
' 1000 X VC KWpyac

Where:

kKWhpatt, min = Minimum rated useable energy capacity of the battery energy storage system in kWh

CFA, = Conditioned floor area in square feet of the i space that is subject to the PV system
requirements

B; = Battery energy storage system capacity factor for the it space’s space function given the mapping
of space function to building type from Appendix 5.4A and the battery requirement by building type
from Table 140.10-B in the Energy Code as described in Appendix CAppendix 5.4A battery energy
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storage system capacity factor in kWh per square feet for the i space’s space function given the
mapping of space function to building type from Appendix 5.4A and the building type battery
requirement from Table 140.10-B in the Building Energy Efficiency StandardsEnergy Code

C = Rated single charge-discharge cycle AC to AC (round-trip) efficiency of the battery energy storage
system

kWopvac = Minimum rated PV system Ccapacity of the building’s PV system in kW as described
icalculated n Section 140.10(a)per Equation 140.10-A

kWopvdc sara = Minimum rated PV system capacity in kW from the SARA calculation, as described in
Section 140.10(a)

The battery storage rated power capacity is calculated as:

kthatt,min
4

kWhnrr =

Where:

kWhatt = Minimum rated power capacity of the battery energy storage system in kWgc

kWhpatt = Minimum rated useable energy capacity of the battery energy storage system in kWh

BATFERY-BESS DISCHARGE CONTROL
Applicability: All buildings that-havewith an onsite battery energy storage_system.

Definition: BatteriesforBattery energy storage systems can be controlled_using the basic control strategy o
the Time of Use strategy (TOU) described in JA12 .-by-one-ormere-afthefolowin g-stratogyi
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Units: None.

Input Restrictions: List: Fa4-CentrelThe basic control strategy or TOU control strategy described in JA124s
usec-to-simulateall-BESSregardiessofinstalled-controls. Basic Fime of Use - Advanced Demand Flexibility

TOU START/END MONTHS

Applicability: All buildings that-havewith an onsite battery energy storage system with Time of Use control.
Definition: The start and end months where the Time of Use control scheme is active.
Units: rereNone.

Input Restrictions: Pesitive-rumber1-12Not a user input.

Standard Design: TOU battery control operates all year, months 1-12.

SIMULATE STANDALONE BATTERY

Applicability: All buildings that-havewith an onsite battery energy storage_system with no photovoltaic system
or lowrise multifamily buildings served by community solar.

Definition: Standalone batteries are charged from the grid during low system load or ¥BVLSC hours and
discharged to support the building load and/or grid during peak time or high FBMLSC hours.

Units: renreNone.

Standard Design: Standalone batteries are not modeled in the standard design.

5.11Common Data Structures

This chapter describes common data structures. The data structures presented here define objects and
example parameters needed to define them. The parameters described are the most common for energy
simulation engines. However, other parameters or data constructs are acceptable. The fields used by the
simulation program must be mapped to the fields used by the building descriptor.

5.11.1 Schedule

This data structure provides information on how equipment, people, lights, or other items are operated on an
hourly basis. The ultimate construct of a schedule is an hourly time series for the simulation period, typically
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8,760 hours (365 days, 24 hours per day). Compliance software has often built up the hourly schedule from
24-hour schedules for different day types such as weekdays, Saturdays, Sundays, holidays, etc.

There are several types of schedules:

Tem

erature schedules specify a temperature to be maintained in a space, a temperature to be delivered
from an air handler, or the leaving temperature from a chiller or other equipment.

Fraction schedules specify the fraction of lights that are on, the fraction of people that are in the
space, the fraction of maximum infiltration, or other factors.

On/off schedules specify when equipment is operating or when infiltration is occurring.

Time period schedules define periods of time for equipment sequencing, utility tariffs, etc. A time
period schedule typically breaks the year in to two or more seasons. For each season, day types are
identified such as weekday, Saturday, Sunday, and holidays. Each day type in each season is then
divided into time periods.

5.11.2 Holidays

A series of dates defining holidays for the simulation period. Dates identified are operated for the schedule
specified for holidays.

5.11.3 Surface Geometry

This data structure represents the location, size, and position of a surface. Surfaces include roofs, walls,
floors, and partitions. Surfaces are typically planar and can be represented in various manners, including:

e Rectangular surfaces, which may be represented by a height and width along with the X, Y, and Z of
surface origin, and the tilt and azimuth.

e By a series of vertices (X, Y, and Z coordinates defining the perimeter of a surface). More complex
polygons may be represented in this manner.

5.11.4 Opening Geometry

This data structure represents the location and size of an opening within a surface. The most common
method of specifying the geometry of an opening is to identify the parent surface, the height and width of
the opening, and the horizontal and vertical offset (X and Y coordinates relative to the origin of the parent
surface). An opening can also include a recess into the parent surface, which provides shading. However,
other geometric constructs are acceptable.

5.11.5 Opening Shade

This data structure describes the dimensions and position of external shading devices such as overhangs, side
fins, or louvers that shade the opening. Overhangs are specified in terms of the projection distance, height
above the opening, and extension distance on each side of the opening.

5.11.6 Construction Assembly

This data structure describes the layers that make up the construction of a wall, roof, floor, or partition.
Typically, a construction consists of a sequence of materials, described from the outside surface to the inside
surface.
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5.11.7 Fenestration Construction

This data structure describes the frame, glass, and other features of a window or skylight. Information may be
defined in multiple ways, but the criterion is published as a combination of U-factor, solar heat gain
coefficient (SHGC), and visible light transmission (VT). Some simulation programs use more detailed methods
of describing the performance of fenestration that consider the angle of incidence of sun striking the
fenestration and other factors, such as the properties of each pane and the fill. The compliance software only
uses whole window performance properties (U-factor, SHGC, VT).

5.11.8 Material

This data structure describes a material that is used to build up a construction assembly. Typical material
properties include specific heat, density, conductivity, and thickness. Materials can also be described in terms
of their thermal resistance. The latter approach is sometimes used to approximate construction layers that
are not homogeneous, such as framing members in combination with cavity insulation.

5.11.9 Slab Construction

This data structure describes the composition of a slab-on-grade. The compliance model has building
descriptors for the perimeter length and the F-factor, which represents the heat loss per lineal foot.

5.12Exterior Surface Properties

This data structure describes the characteristics of exterior surfaces. Exterior surface properties may include
emissivity, reflectivity, and roughness. The first two govern radiation exchange from the surface, while the
latter governs the magnitude of the exterior air film resistance.

5.12.1 Occupant Heat Rate

This data structure represents the rate of heat and moisture generated by building occupants. This is typically
specified in terms of a sensible heat rate and a latent heat rate. Both are specified in Btu/h.

5.12.2 Furniture and Contents

This data structure represents the thermal mass effect of furniture and other building contents. This is
expressed in terms of lb/ft? for the space in question.

5.12.3 Reference Position in a Space

This data structure locates a reference point in a space, typically for the purposes of daylighting control. The
typical construct for the reference point is a set of coordinates (X, Y, and Z) relative to the space coordinate
system.

5.13Two-Dimensional Curve

This data structure explains one parameter in terms of another. An example is a curve that modifies the
efficiency of an air conditioner relative to the fraction of time that the equipment operates within the period
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of an hour. The relationship can be expressed in terms of the X and Y coordinates of points on the curve, or it
can be expressed as an equation.

5.13.1 Three-Dimensional Curve

This data structure explains one parameter in terms of two others. An example is a curve that modifies the
efficiency of an air conditioner relative to the outside air dry-bulb temperature and the wet-bulb temperature
of air returning to the coil. The relationship is a three-dimensional surface and can be expressed in terms of
the X, Y, and Z coordinates of points on the curve, or it can be expressed as an equation.

5.13.2 Temperature Reset Schedule

This data structure describes the relationship between one temperature and another. For example, the
independent variable might be outside air temperature and the dependent variable is supply air temperature.
In this case, a common schedule would be to set the supply air temperature at 55°F when the outside air
temperature is 80°F or warmer and at 62°F when the outside air temperature is 58°F or cooler with the
supply air temperature scaling between 55°F and 62°F when the outside air temperature is between 80°F and
58°F.
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6. Multifamily Building Descriptors
Reference

6.1 Standard Design

For multifamily buildings, the standard design building, from which the energy budget is established, is in
the same location and has the same floor area, volume,-and conﬁguratlon wall areas and orientations as
the proposed design.-Feraddition H

aad—enentaﬂm%—as—the—pre«pesed—b&ﬁdmg— The detalls are descrlbed below

The energy budget for the multifamily standard design is the energy that would be used by a building
similar to the proposed design if the proposed building met the requirements of the prescriptive
standards. The compliance software generates the standard design automatically, based on fixed and
restricted inputs and assumptions. Custom energy budget generation shall not be accessible to program
users for modification when the program is used for compliance or when the program generates
compliance forms.

The basis of the standard design is prescriptive requirements from §Section 170.2 of the Energy Code.
Prescriptive requirements vary by climate zone. Reference Appendices, Joint Appendix JA2, Table 2-1,

contains the 16 California climate zones and representative cities. The climate zone is based on the zip
code for the proposed building, as documented in Reference Appendices, Joint Appendix JA2.1.1.

The following chapters present the details of how the proposed design and standard design are
determined. For many modeling assumptions, the standard design is the same as the proposed design.
When a building has special features, for which the CEC has established alternate modeling assumptions,
the standard design features will differ from the proposed design so the building receives appropriate
credit for its efficiency. When measures require verification by a Home-Energy-Rating-System
{HERS}Energy Code Compliance (ECC) rater, installer test and report, or are designated as a special
feature, the specific requirement is listed on the EMEC-e+NREE:Certificate of Compliance

6.2 Proposed Design

The multifamily building configuration is defined by the user through entries that include floor areas,
wall areas, roof and ceiling areas, fenestration (which includes skylights), and door areas, the
performance characteristics such as U-factors, R-values, solar heat gain coefficient (SHGC), visible
transmittance (VT), solar reflectance, and information about the orientation and tilt is required for roofs,
and other elements, and end use energy use such as HVAC, lighting, and DHW. Details about any solar

320



20252 ACM Reference Manual Demand Response

generation systems and battery storage arPe also defined. The user entries for all these building
elements are consistent with the actual building design and configuration. If the compliance software
models the specific geometry of the building by using a coordinate system or graphic entry technique,
the data generated are consistent with the actual building design and configuration.

6.3 Heat Pump Water Heater Load Shifting

Any HPWH installed in low-riseresidentialmultifamily buildings three habitable stores or less-buildings,
which is compliant with Reference Appendices, Joint Appendix JA13 eempliantHRPWH-will receive LSC

credit in each j&cllmate zone accordmg to-as shown in Table 23: JA13 HPWH Basic Control Credit¥fable

cHiFak A . The
LSC percentage reduction is applled upon the completlon of the comphant simulation run. Note that this
percentage reduction only applies to the waterheating LSC values for water heating. Fhiscreditisonly

. lfarmilv buildi habitable f lass.

Table 23222219: JA13 HPWH Basic Control Credit

Climate Zone Credit
1 6.7
2 3.7
3 7.6
4 4.0
2 8.5
6 6.8
1 8.8
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6.4 Self-Utilization Credit-flexibility

When a PV system is coupled with a battery storage system, the compliance software allows a portion of
the PV/flexibilityPhotovoltaic and BESS FBVLSC and-Seurce-to be traded against the efficiency
TDVLSC{Seuree. This modest credit can be used for tradeoffs against building envelope and efficiencies
of the equipment installed in the building. More detail is provided in Chapter 6.54.1 Photovoltaics
Requirements Three Habitable SteriesFloors or Less. The self-utilization credit is only applicable to
multifamily buildings three habitable stories or less.

6.5 Photovoltaic and Battery Energy Storage System
Requirements

Requirements for PV systems and battery energy storage systems are dependent on the number of
steriesfloors of the building. Multifamily buildings with three or fewer habitable steriesfloors have
different requirements than multifamily buildings mere-with four or more habitable steriesfloors.
Modeling software will calculate PV system and battery energy storage system requirements based-ento
account for the number of habitable steriesfloors of the buildings.
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6.5.1 Photovoltaic and Battery Energy Storage Systems and-Battery-Storage
Requirements and-Battery-Storage-for Three Habitable SteriesFloors or Less

The PV requirements are applicable to newly constructed multifamily buildings three habitable
storiesfloors or less. PV system details are based on the publicly available system-caleulations-codesfrom
P\AMatts System Advisor Model algorithms;-which-is-a-web-applicatien developed by the National
Renewable Energy Laboratory, or similar calculation methods approved by the Energy Commission. See
Appendix F. for more information.

PHOTOVOLTAICS STANDARD DESIGN THREE HABITABLE STORIESFLOORS OR LESS

The standard design PV system is based on requirements in 20225 Title 24 Part 6, Section 170.2(f) for
multifamily buildings — three habitable steriesfloors or fewer. The PV capacity of the building is based on
the PV capacity for each space where mapping of the space function to PV capacity building type is
documented in Appendix C. When the selarelectric-generationPV system meets one of the prescriptive
exceptions, the standard design is modeled with an-a appropriately-sized-PV system consistent with that
prescriptive exception.

PHoTOVOLTAICS PROPOSED DESIGN THREE HABITABLE STORIESFLOORS OR LESS

For PV sizing calculations, the compliance software includes user-defined values for:

e Array erientationazimuth, either the actual orientation or a range of azimuths includeding under
CFI1 (installation of 150-270 degrees) or; CFI2 (installation of 105-300 degrees),-e+the-actual

e Module type, including standard (for example, poly- or mono-crystalline silicon modules with
efficiencies of 14 — 17 percent), and premium (for example, high-efficiency monocrystalline silicon
modules with anti-reflective coatings_with efficiencies of 18 — 20 percent);-erthinfilm-{in-ether

e Inverter efficiency.

e Array tilt in degrees or roof pitch, or CFI1 or CFI2 (installation up to 7:12).
e CF2 reduces PV production by 10% compared to CF1. To meet the Total LSC, the difference can be
made up by increasing PV size by 10% or increasing energy efficiency features or through battery

storage.
e Array tracking type including fixed, single-axis tracking, and two-axis tracking.

e Annual solar access percentage, excluding horizon shading, of the modules.

o Solar-AccessRoofArea{SARA}

i i i ~When the PV standard design system size is
determined by one of the prescriptive exceptions, tFhe proposed design system size shall not exceed the

PV standard design size dictatedspecified by the exception limits. When the PV standard design system is
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determined based on a limited SARA, the proposed design system size shall not exceed the SARA-
determined size.

The PV size is reported in kWgc on the Certificate of Compliance.

COMMUNITY SOLAR THREE HABITABLE STORIESFLOORS OR LESS
For projects that use an approved Neighborhood-SelarShares{NSS}community solar program to provide

the required PV, approved compliance software must determine and report the amount (PV kW)
needed to offset the standard design PV system FBVLSC.

Figure 942: Community Solar

Building Model Data ? *

Project | Team 1 | Team2 } Narrative } Analysis Options ~ PV/Battery I Form 1 } Form 2 } Form 3 I Form 4 I HERS } CALGreen | Exceptional Condition 4 | »

Solar Access Roof Area 3,266.48 2  (implies PV capacity of 46 kW @ 14 W/ft2 | SARA 31.0% of building cond area)

Prescribed PV/Battery based on 'LowRiseRes’ classification w/ 3 stories and 8 dwellings

I~ Reduced PV Requirement

I~ Use Community Solar

PV Capacity required based on Prescriptive tables: 15.7 kWdc (no prescriptive battery requirement)
Standard Design PV Capacity: 15.7 kWdc / (no battery)
User-specified PV array capacity: 16 0 kWdc (no battery equipment defined)

Source: California Energy Commission
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BATTERY ENERGY STORAGE SYSTEM THREE HABITABLE STORIESFLOORS OR LESS
Detailed calculations for PV and battery energy storage systems are included in Appendices C and D.

The compliance software provides credit for a battery energy storage system coupled with a PV array or
simulated as standalone. If specified, the battery storage size must be 5 kWh or larger. For Part-6Energy
Code compliance, PV has no impact on energy efficiency requirements or the efficiency FBV-LSC unless a
battery storage system is included, and the self-utilization credit is modeled.

ele#awt—tlme of-use control strategy strategy, as described in Reference Appendices, Joint Appendix JA12,

is used +s—t-heto simulate the BESS %a%een%relﬁme—e#as&emmekstra%egvﬂas—éeseﬁbed—ﬂﬁef&enee

proposed design control strategy can use either the basic control strategy or TOU control strateg¥

The controls for separate battery energy storage systems strategy as-described-inReference Appendices;
Joint-AppendixdAd2uses the Hme-ef=tsebasic control strategy, described in Reference Appendices, Joint
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Appendix JA12, 4 i i for the standard design ofenergy

storage systems that areis installed separate from an on-site solar photovoltaic system.

VERIFICATION AND REPORTING THREE HABITABLE STORIESFLOORS OR LESS

The following PV capacity and reguired-sizeand-battery energy storage system sterage
detailsrequirements are reported as special features on the HMEECertificate of Compliance::

e PV system
o Minimum rated PV system capacity, kWgc

e Battery energy storage system

o Minimum rated usable energy capacity, kWh

Compliance cycling capacity, kWh

o)
o Roundtrip efficiency, %
o Field-assembled or integrated

SELF-UTILIZATION CREDIT THREE HABITABLE STORFESFLOORS OR LESS

The 20225 Energy Code does not allow a tradeoff between the Efficiency ¥BV-LSC and Source Energy and
the effect of PV on the Total FBMLSC/Source Energy unless battery storage is provided. When the PV
system is coupled with at least a 5 kWh battery storage system, the compliance software allows a portion
of the photovoltaic and BESSP\V/flexibilityTBVLSC and Source Energy to be traded against the Efficiency
FDVLSC. A modest self-utilization credit can be used for tradeoffs against building envelope and
efficiencies of the equipment installed in the building. A checkbox is provided in the compliance software
to enable this credit.

Table 24232320%2: Self-Utilization Credits

Climate Multifamily
Zone
01 10%
02 7%

326



20252 ACM Reference Manual Photovoltaic and Battery Energy Storage System Requirements

Climate Multifamily
Zone
03 10%
04 9%
05 11%
06 4%
07 4%
08 10%
09 10%
10 10%
11 10%
12 10%
13 10%
14 10%
15 9%
16 12%

Source: California Energy Commission

6.5.2 Photovoltaics and Battery Energy Storage System Requirements Four

or More Habitable SteriesFloors

Fhe-Requirements for PV systems and battery energy storage systems reguirements-in this chapter are
applicable to newly constructed multifamily buildings with fFour or more habitable steriesfloors. PV
system details are based on the publicly available system calculation from PVWatts, which is a web
application developed by the National Renewable Energy Laboratory, or similar calculation method
approved by the Energy Commission. See Appendix F. for more information.

PHOTOVOLTAICS STANDARD DESIGN FOUR-OR-MORE THAN THREE HABITABLE
STORIESFLOORS

For multifamily buildings feurerwith more than three habitable steriesfloors and mixed occupancy
buildings feure+with more than three habitable steriesfloors with at least 80 percent of the floor area
used for residential occupancy, a newly installed PV system meeting the minimum qualification
requirements of Reference Appendices, Joint Appendix JA11 is required. The PV size in kWdc is the
smaller of the PV system size determined by Equation 170.2-D, or the total of all available SARA
multiplied by 14 W/ft%;for low sloped roofs and 18W/ft? for steep sloped roofs, -where the PV capacity
factor of Equation 170.2-D is determined by iehivi ion_building type. Fhe-mappingof

When the solar electric generation system meets one of the prescriptive exceptions, the standard design
is modeled with an-appropriately-sizeda PV system consistent with that prescriptive exception.
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PHOTOVOLTAICS PROPOSED DESIGN FOUR-O6R-MORE THAN THREE HABITABLE
STORIESFLOORS

For PV calculations, the compliance software includes user-defined values for:

e Array orientation, including CFI1 (installytion of 150-270 degrees, CFI2 (installation of 105-300),
or the actual orientation. ¥Module type, including standard (for example, poly- or
monocrystalline silicon modules), premium (for example, high-efficiency monocrystalline silicon
modules with anti-reflective coatings);-erthin-film-{in-otherwerds,How-efficieney-suchas11
percent)- ylnverter efficiency.

e ¥yArray tilt in degrees or roof pitch, or CFI1 or CFI2 (installation up to 7:12).

e yArray tracking type including fixed, single-axis tracking, and two-axis tracking.yCF2 reduces PV

production by 10% compared to CF1. To meet the Total LSC, the difference can be made up by

increasing PV size by 10% or increasing energy efficiency features or through battery

e Annual solar access percentage, excluding horizon shading, of the modules.
e Solar Access Roof Area (SARA)

When the PV standard design system size is determined by one of the prescriptive exceptions, the Fhe
proposed -system size shall not exceed the PV standard design size dictatedspecified by the exception
limits.

The PV size is reported in kWqc i#ron the Certificate of Compliance.

BATTERY ENERGY STORAGE SYSTEM STANDARD DESIGN MORE THAN THREE HABITABLE
STORIESFLOORS

For multifamily buildings more than three habitable steriesfloors that are required to have a PV System
threugh-to meet §Section 170.2(g), a battery energy storage system meeting qualification requirements
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of Reference Appendicesx, Joint Appendix JA12 is also required. The battery energy storage system
minimum rated usable energy capacity and minimum rated power capacity is determined by Equation
170.2-E and Equation 170.2-F-G respectively, where the storage capacity and power factors of these
equations is determined by individual space function. The mapping of space function to PV or battery
building-type-used to determine capacity factors by building type is documented in Appendix C.

When the battery energy storage system meets one of the prescriptive exceptions in §Section 170.2(h),
the standard design is modeled with an-appropriately-sizeda battery energy storage system consistent
with that prescriptive exception.

BATTERY ENERGY STORAGE SYSTEM PROPOSED DESIGN MORE THAN THREE HABITABLE
STORIESFLOORS

Detailed calculations for PV and battery storage are included in Appendices C and D.

is determined by one of the prescriptive exceptions, the Fhe-proposed design is modeled with a system
size that does not exceed the battery system capacity and rated power required by the standard design.

BATTERY ENERGY STORAGE SYSTEM CONTROLS MORE THAN THREE HABITABLE FLOORS

The control strategy used to simulate the BESS is the time- of-use control strategy as described in
for the standard design.

The proposed design control strategy can use either the basic control strategy or TOU control strategy.
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The controls for separate battery energy storage systems strategy uses the TOU control strategy as
described in Reference Appendices, Joint Appendix JA12 isprow

when-anfor energy storage systems is-installed separate from an on-site soIar photovoltalc system.

6.6 The Building

PROPOSED DESIGN

The building is defined through entries for zones, surfaces, and equipment. Zone types inrclade-attie;
conditioned-spacecrawl-space;-basements;and-garages-are first defined as either dwelling unit spaces
or common use spaces, then further defined by conditioning status and space function. Dwelling unit
zones are always conditioned where as the user defines type of conditioning and space function for
common use spaces within the project. Fheroof{such-asasphaltshingles-ortile}Hs-defined-as-either
part-ofthe-attic-orpart-ofa-cathedral-ceiling{also-called-a-rafterroof)- The compliance software models
surfaces separating conditioned space from exterior or unconditioned spaces (such as a garage or
storage), which have no solar gains, as interior surfaces-a¢js c = : - with
insulation meeting standards requirements. Exterior surfaces of an attached garage or storage space are
modeled as part of the unconditioned zone.

The input file will include entries for floor areas, wall, door, roof and ceiling areas, and fenestration and
skylight areas, as well as the water-heating, space-conditioning, ventilation, and distribution systems.

Each surface area is entered along with performance characteristics, including building materials, U-

factor —aﬂd-SHGC , and VT. The orientation and tilt (Figure 10: Surface DefinitionsE

s) are required for envelope elements.

Building elements are to be consistent with the actual building design and configuration.

STANDARD DESIGN

To determine the standard design, the compliance software creates a building with the same general
characteristics (number of steriesfloors, attached-garageorientation, climate zone). Energy features are
set to be equal to §Section 170.2, Table 170.2-A and Table 170.2-K for multifamily buildings. Fer

details regarding additions and alterations. The details are below.

VERIFICATION AND REPORTING

All inputs that are used to establish compliance requirements are reported on the tMECor
NREC Certificate of Compliance.
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Figure 1013: Surface Definitions

Inside

Outside

v\! Inside

Walls have a tilt

greater than 60 Roofs have a tilt Outside Floors have a tilt

but less than 120 ';SS thanf60 o of 180 degrees

degrees from the egrees from the from the
horizontal horizontal

horizontal

Source: California Energy Commission

6.6.1 Dwelling Unit Types

Internal gains and IAQ ventilation calculations depend on the conditioned floor area and number of
bedrooms. For multifamily buildings with individual IAQ ventilation systems, each combination of
bedrooms and conditioned floor area has a different minimum ventilation CFM that must be verified. In
buildings with multiple dwelling units, a dwelling unit type has the same floor area, number of
bedrooms, |IAQ ventilation system, space conditioning systems, and appliances (washer/dryer in the
dwelling unit).

PROPOSED DESIGN

For each dwelling unit type the user inputs the following information:

Unit type name

- 1, of this uni i buildi

Conditioned floor area (CFA) in square feet per dwelling unit
Number of bedrooms

Appliance data
Space conditioning systems

DHW system
IAQ ventilation system

STANDARD DESIGN

The standard design shall have the same conditioned floor area and number of bedrooms and type of
dwelling units as the proposed design.

VERIFICATION AND REPORTING

The number of units of each type and minimum IAQ ventilation for each unit type is reported on the
EMECorNREC Certificate of Compliance for field verification.
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6.6.2 Dwelling Units per Space

Multifamily projects have multiple dwelling units within the project. The dwelling units per space
represents the number of residential living units within a single compliance model space and is shown as
a positive integer.

PROPOSED DESIGN

The proposed design represents the building as designed.

STANDARD DESIGN

The standard design assumes +-dweling-unitperspacethe same number of dwelling units as identified in
the proposed design. This applies for both newly constructed buildings projects and existing building
projects.

6.6.3 Number of Bedrooms

Multifamily projects can have multiple bedrooms within a dwelling unit. The user will provide the
number of bedrooms per dwelling unit as an integer with a minimum of 0 and a maximum of 5.

PROPOSED DESIGN

The proposed design represents the number of bedrooms per dwelling unit as designed.

STANDARD DESIGN

The standard design assumes the same number of bedrooms per dwelling unit as identified in the
proposed design. This applies for both newly constructed buildings projects and existing building
projects.

6.6.4 Number of Occupants

Applicability: Multifamily projects will need to specify the number of people in a space. The number of
people is modified by an hourly schedule, which approaches but does not exceed 1.0. Therefore, the
number of people specified by the building descriptor is similar to design conditions as opposed to
average occupancy.

The number of people may be specified in ft¥person, or people/1000 ft2.

PROPOSED DESIGN

For nonresidential occupancies within a mixed-use building, Fthe number of occupants is prescribed,
and the values are given by Space Type in Appendix 5.4A-fernenresidential-buildings. For multifamily
buildingscommon use areas, the rules established in Chapter 6 Multifamily Building Descriptors
Reference of the Nonresidential ACM Reference Manual apply.; For multifamily spaeesdwelling units, the
number of occupants is defined as: Max (number of bedrooms +1, 2).

STANDARD DESIGN:

The number of occupants must be identical for both the proposed and standard design cases. This
applies for both newly constructed buildings and existing building projects.
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6.6.5 Lighting Classification Method

For multifamily common areas in the building, the indoor lighting power is specified—+rdeertighting
poewer-can-be-specified using the area category method-erthe-tailored-method.

PROPOSED DESIGN

Area category method can be used for all areas of the building with space types listed in Appendix 5.4A,
and can be used to specify both general lighting power and additional lighting power for these
multifamily common use spaces.- Fhis+ethod-can-be-used-by-tself-orwith-the-talloredightingmethod -

STANDARD DESIGN

The standard design lighting power shall be modeled as described for nonresidential spaces except as
noted below.

e Area category method lighting power allowances, as well as additional lighting power qualified
systems a
e d allowances are defined by Table 170.2-M

6.6.6 Multifamily General Lighting Power

All common area spaces in multifamily buildings may have multifamily general lighting power. General
lighting power is the power used by installed electric lighting that provides a uniform level of illumination
throughout an area, exclusive of any provision for special visual tasks or decorative effect, and also
known as ambient lighting.

PROPOSED DESIGN
For spaces without speciattasktightingwal-display-Hghtingadditional lighting power allowances or

similar requirements, this input will be the same as the regulated lighting power.
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Trade-offs in general lighting power are allowed between spaces all using the area category method.;

STANDARD DESIGN
With-the-areacategory-methedgGeneral lighting power is the product of the lighting power densities

for the space type from Appendix 5.4A and the floor areas for the corresponding conditioned spaces.

When the lighting status is “existing” (and unaltered) for the space, the standard design is the same as
the existing, proposed design.

When the lighting status is “altered” for the space, and at least 10 percent of existing luminaires have
been altered:

If the lighting status is “existing”, then the standard design LPD is the same as the proposed
design.

If the lighting status is “new”, then the standard design LPD is same as newly constructed
buildings.

If the lighting status is “altered”, then the standard design LPD is the same as newly constructed
buildings.

6.6.7 Multifamily Additional Lighting Power Task Area

Common areas spaces in multifamily buildings that use area category method can identify multifamily
additional lighting power task area.
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PROPOSED DESIGN

The area associated with each of the additional lighting allowances in the ALP building descriptor. This
area is based on the proposed designed but cannot exceed the floor area of the space.

STANDARD DESIGN

The standard design multifamily additional lighting power task area is the same as the proposed. This
applies for both newly constructed buildings and existing building projects.
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6-6-9-Multifamily-Wall Display-Rower
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6.7 Air Leakage and Infiltration

Air-leakage-isa-buildinglevel-characteristie-The compliance software distributes the leakage over the

envelope surfaces in accordance with the building configuration and constructs a pressure flow network
to simulate the airflows between the conditioned zones, unconditioned zones, and outside.
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6.7.1 Building Air Leakage and Infiltration

The airflow through a blower door at 50 pascals (Pa) of pressure measured in cubic feet per minute is
called CFM50. CFM50 multiplied by 60 minutes, divided by the volume of conditioned space, is the air

changes per hour at 50 Pa, called ACH50. Fhis-method-is-used-formultifamily-buildings-with-three-or
fewer habitable stories:

PROPOSED DESIGN

design for zones in multifamily bwldmgs that are Qr|marll¥ common use and nonre5|dent1al areas shall
be modeled withas 7 ACH50.=F¢ : : alcag t q

arda area 3 A HY 3 - The standard design
multifamily dwelling and common area air leakage and infiltration is the same as the proposed.

VERIFICATION AND REPORTING

For dwelling units in multifamily buildings, diagnostic testing to confirm-the-detais-and-targetvalues
modeled the mandatory maximum compartmentalization value of 0.3 CFM50/ft? of dwelling surface
area in the proposed design is required and must be reported in the HERSECC required verification listing

on the eemphanee—f-eFmCertlﬁcate of Compllance Due—te—theJaek—ef—an—aﬁplwablamasu%emenfe

6.7.2 Defining-Dwelling Unit Zones and Surfaces AirNetLeakage

Multifamily buildings that have floors between dwelling units must define eaehdwelling zones by floor-as
a-separatezene and exterior exposure (orientation), or each dwelling unit as a separate zone. Users
should define a sufficient number of exterior and interior surfaces so that the compliance software can
simulate the airflows between the conditioned zones, unconditioned zones, and outside.

6.8 Residential Building Materials and Construction

6.8.1 Materials

Only materials approved by the CEC may be used in defining constructions. Additional materials may be
added to the compliance manragersoftware at the CEC’s discretion.
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Table 25: Materials List¥ab Materis &b Materis ab Materis ab :
MaterialsList shows a partial list of the materials available for construction assemblies. Additional
material information can be found in Reference Appendicesx Joint Appendix JA4.

MATERIAL NAME
The material name is used to select the material for a construction.

THICKNESS

Some materials, such as three-coat stucco, are defined with a specific thickness (not editable by the
compliance user). The thickness of other materials, such as softwood used for framing, is selected by the
compliance user based on the construction of the building.

CONDUCTIVITY
The conductivity of the material is the steady-state heat flow per square foot, per foot of thickness, or
per degree Fahrenheit temperature difference. It is used in simulating the heat flow in the construction.

Table 2524242118: Materials List

Material Name Thickness (in.) = Conductivity Coefficient for Specific Heat Density R-Value per
(Btu/h-°F-ft) Temperature (Btu/Ib-°F) (Ib/ft3) Inch (°F-ft>-h/
Adjustment of Btu-in)
Conductivity (°F(-
1))
Gypsum Board 0.5 0.09167 0.00122 0.27 40 0.9091
Wood Layer Varies 0.06127 0.0012 0.45 41 1.36
Synthetic Stucco 0.375 0.2 0.2 58 0.2
3 Coat Stucco 0.875 0.4167 0.2 116 0.2
All other siding 0.21
Carpet 0.5 0.02 0.34 12.3 4.1667
Light Roof 0.2 1 0.2 120 0.0833
5 PSF Roof 0.5 1 0.2 120 0.0833
10 PSF Roof 1 1 0.2 120 0.0833
15 PSF Roof 1.5 1 0.2 120 0.0833
25 PSF Roof 25 1 0.2 120 0.0833
TileGap 0.75 0.07353 0.24 0.075 1.1333
SlabOnGrade 35 1 0.2 144 0.0833
Earth 1 0.2 115 0.0833
SoftWood 0.08167 0.0012 0.39 35 1.0204
Concrete 1 0.2 144 0.0833
Foam Sheathing | Varies varies 0.00175 0.35 1.5 Varies
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Material Name Thickness (in.) = Conductivity Coefficient for Specific Heat R-Value per
(Btu/h-°F-ft) Temperature (Btu/1b-°F) Inch (°F-ft>-h/

Adjustment of Btu-in)
Conductivity (°F(-
1))

Ceiling Insulation | Varies varies 0.00418 0.2 1.5 Varies

Cavity Insulation varies varies 0.00325 0.2 1.5 Varies

Vertical Wall 3.5 0.314 0.00397 0.24 0.075

Cavity

GHR Tile 1.21 0.026 0.00175 0.2 38

ENSOPRO 0.66 0.03 0.00175 0.35 2

ENSOPRO Plus 1.36 0.025 0.00175 0.35 2

Door 5

Source: California Energy Commission

COEFFICIENT FOR TEMPERATURE ADJUSTMENT OF CONDUCTIVITY
The conductivity of insulation materials varies with temperature according to the coefficient listed. Other
materials have a coefficient of zero (0), and the conductivity does not vary with temperature.

SPECIFIC HEAT
The specific heat is the amount of heat in British thermal units (Btu) it takes to raise the temperature of
1 pound of the material 1 degree Fahrenheit (Btu/Ib-°F).

DENSITY
The density of the material is the weight of the material in pounds per cubic foot (lb/ft3).

R-VALUE PER INCH
The R-value is the resistance to heat flow for a 1-inch-thick layer.

6.8.2 Residential Construction Assemblies

“Constructions” are defined by the compliance user for use in defining the building. The user assembles
a construction from one or more layers of materials,-asshewn-in-Figure-16. For framed constructions,
there is a framing layer that has parallel paths for the framing and the cavity between the framing
members. The layers that are allowed depend on the surface type. The compliance maragersoftware
calculates a winter design U-factor that is compared to construction that meets the prescriptive
standard. The U-factor is displayed as an aid to the user. The calculations used in the energy simulation
are based on each layer and framing rather than the U-factor.

ASSEMBLY TYPES
The types of surfaces that the construction assemblies can be assigned to are:

Exterior wall
Interior wall
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Underground wall

Attic roof

Cathedral roof

Ceiling below attic

Interior ceiling

Interior floor

Exterior floor (over unconditioned space or exterior)

Floor over crawl space
Naote: Exterior walls and floors, and Cathedral Ceilings can be described by either Residential
Construction Assemblies (described in this section) or Nonresidential Construction Assemblies

described in Chapters§s 5.5.3, 5.5.4, and 5.5.5=aa¢-5:5-3 above.

CONSTRUCTION TYPE
For residential construction assemblies, a Construction Type must be defined. The available construction

types depend on the Assembly Type described above.

For c€eiling below attic

the available the

constructionype is:

Wwood framed _ceiling:- In a residence with a truss roof, the ceiling is where the insulation is
located, while the structure above the ceiling is encompassed by the term “attic” or “roof.” The
attic or roof consists of (moving from inside to outside) the radiant barrier, below-deck
insulation, framing, above-deck insulation, and the roofing product, such as asphalt or tile
roofing. See more in Chapter 6.118.2 Ceiling Below Attic.

For c€athedral ceiling (with the roof defined as part of the assembly), the available construction types

are:

Wwood- framed ceiling:- Since there is no attic, the roof structure is connected to the insulated
assembly at this point:

Built- up roof
Structurally insulated panels (SIPs) ceiling

For attic Rroof, the available construction types are:

Wood-framed ceiling

Built-up roof
structuraty-insulatedpanels{SHRSIPs ceiling).

For interior ceiling, the available construction type is:

Wood-framed ceiling
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For interior and exterior wWalls-{irterior-exterior-underground}, the only available construction types

are:

o -Wwood-framed wall
o ormMetal-framed wall
e Concrete / ICF / brick
e Hollow unit masonry

e Adobe / strawbale / log

e Sips wall
e Dual panel hollow (DPH) wall-e+SIP-

For underground walls, the only available construction type is:

e Concrete / ICF / brick

For floors (over exterior, over crawl space, or interior), the construction types are:-

e Wood-framed floor
e SIPs floor
e Concrete / ICF / brick

For slab floors and underground floors, the construction type is:

e No frame (concrete/CMU)

Party surfaces separate conditioned space included in the analysis from conditioned space that may or
may not be included in the analysis. Party surfaces for spaces that are modeled include surfaces between
multifamily dwelling units. Party surfaces for spaces not included in the analysis include spaces joining an
addition alone to the existing dwelling. Interior walls, ceilings, or floors can be party surfaces.

CONSTRUCTION LAYERS
All assemblies have a cavity path and a frame path.

As assemblies are completed, the screen displays whether the construction meets the prescriptive
requirement for that component.

PROPOSED DESIGN

The user defines a construction for each surface type included in the proposed design. Any variation in
insulation R-value, framing size or spacing, interior or exterior sheathing, or interior or exterior finish
requires the user to define a different construction. Insulation R-values are based on manufacturer-rated
properties rounded to the nearest whole R-value. Layers such as sheetrock, wood sheathing, stucco, and
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carpet whose properties are not compliance variables are included as generic layers with standard
thickness and properties.

Walls separatin seconditioned spaces from
unconditioned spaces are modeled as interior walls with uncondmoned space as the adjacent zone,
which the compliance manragersoftware recognizes as a “demisingZ wall 2 Floors over a-garagen
unconditioned space are modeled as an interior or demising ﬂoor The exterior walls,-fleerand

ih one-surfaces of
unconditioned spaces are modeled, though not subject to energy code requirements.

STANDARD DESIGN

The compliance software assembles a construction that meets the prescrlptlve standards for each user-
defined construction or assembly. For ceiling/roof assembly=w rim: ably, the standard
design is based on Table 170.2-A Option BE. For cathedral ceiling assemblles the standard design is
based on Table 170.2-A Option D. . WaH-designsExterior surface requirements are based on Table 170.2-
A and vary based on the type of wal-exterior surface and climate zone.

VERIFICATION AND REPORTING

All proposed constructions, including insulation, frame type, frame size, and exterior finish or exterior
condition, are listed on the EMEc-eNRECCertificate of Compliance. Nonstandard framing (e.g., 24” on
center wall framing, advanced wall framing) is reported as a special feature.

6.8.3 Spray-Foam Insulation

The R-values for spray-applied polyurethane foam (SPF) insulation differ depending on whether the
product is open cell or closed cell. Spray-foam insulation R-values are calculated based on the nominal
thickness of the insulation multiplied by the default thermal resistivity per inch, or the total R-value may
be calculated based on the thickness of the insulation multiplied by the tested R-value per inch as
certified by the Department of Consumer Affairs, Bureau of Household Goods and Services (see details
Chapter 6.7.3 Spray-Foam Insulation and Reference Appendices, Residential Appendix RA3.5).

Table 2625252219: Required Thickness Spray Foam Insulation (in inches)

Required R-values for SPF R-11 R-13 R-15 R-19 R-21 R-22 R-25 R-30 R-38
insulation

Required thickness closed 2.00 2.25 2.75 3.50 3.75 4.00 4.50 5.25 6.75
cell @ R5.8/inch

Required thickness open 3.0 3.5 4.2 5.3 5.8 6.1 6.9 8.3 10.6
cell @ R3.6/inch

Source: California Energy Commission
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Additional documentation and verification requirements for a value other than the default values shown

finaehes) are required. (See Reference Appendices, Residential Appendix RA3.5.6.) For continuous

insulation refer to Section 5.5.4 Exterior Walls.

6.8.3.1 Medium Density Closed-Cell SPF Insulation

The default R-value for spray-foam insulation with a closed cellular structure is R-5.8 per inch, based on
the installed nominal thickness of insulation. Closed-cell insulation has an installed nominal density of
1.5 to 2.5 pounds per cubic foot (pcf).

6.8.3.2 Low-Density Open-Cell SPF Insulation

The default R-value for spray-foam insulation with an open cellular structure is calculated as R-3.6 per
inch, based on the nominal required thickness of insulation. Open-cell insulation has an installed

nominal density of 0.4 to 1.5 peunds-percubicfoot{pcf}.

PROPOSED DESIGN
The user will select either typical values for open-cell or closed-cell spray-foam insulation or higher-than-
typical values and enter the total R-value (rounded to the nearest whole value).

STANDARD DESIGN
The compliance software assembles a construction that meets the prescriptive standards for each
assembly type (ceiling/roof, wall, and floor).

VERIFICATION AND REPORTING FOR BUILDINGS WITH UP TO THREE HABITABLE
STORIESFLOORS

When the user elects to use higher-than-typical R-values for open-cell or closed-cell spray-foam
insulation, a special features note is included on the tMEECertificate of Compliance requiring
documentation requirements specified in Reference Appendices, Joint Appendix JA4.1.7. Furthermore, a
HERSECC verification requirement for the installation of spray-foam insulation using higher-than-default
values is included on the EMEECertificate of Compliance.

6.8.4 Quality Insulation Installation For Building Up To Three Habitable
SteriesFloors

The compliance software user may specify quality insulation installation (Qll) for the proposed design as
“yes” or “no.” The effective R- value of caV|ty insulation is reduced, as shown in Table 27. Modelmg Rules

fastallstion-QualityTable-16-in buildings W|th no QII When set to ‘no,” framed walls celllngs and floors
are modeled with added winter heat flow between the conditioned zone and attic to represent
construction cavities open to the attic. Qll does not affect the performance of continuous sheathing in
any construction.

PROPOSED DESIGN
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The compliance software user may specify compliance with Qll. The default is “no” for Qll. This results in
a 30% derating applied to the cavity insulation.

STANDARD DESIGN

The standard design is modeled with “yes” for verified Qll for newly constructed multifamily buildings
and additions greater than 700 square feet in Climate Zones 1-6 and 8-16 (Climate Zone 7 has no Qll for
multifamily buildings). This results in the removal of the 30% derating to the cavity insulation.

VERIFICATION AND REPORTING

The presence of Qll is reported in the HERSECC required verification listings on the EMEECertificate of
Compliance. Verified Qll is certified by the installer and field verified to comply with Reference
Appendices, Residential Appendix RA3.5. Credit for verified Qll applies to ceilings/attics, knee walls,
exterior walls, and exterior floors.

For alterations to existing pre-1978 construction, if the existing wall construction is assumed to have no
insulation, no wall degradation is assumed for the existing wall.

Table 2726262320: Modeling Rules for Unverified Insulation Installation
Quality

Component Modification

Walls, Floors, Attic Multiply the cavity insulation R-value/inch by 0.7.
Roofs, Cathedral
Ceilings

Ceilings Below Attic ~ Multiply the blown and batt insulation R-value/inch by
0.96-0.00347*R.

Ceilings Below Attic  Add a heat flow from the conditioned zone to the attic
of 0.015 times the area of the ceiling below attic times
(the conditioned zone temperature — attic
temperature) whenever the attic is colder than the
conditioned space.

Source: California Energy Commission

6.9 Building Mechanical Systems

A space-conditioning system (also referred to as an HVAC system) is made up of the heating subsystem
(also referred to as “heating unit,” “heating equipment,” or “heating system”); cooling subsystem (also
referred to as “cooling unit,” “cooling equipment,” or “cooling system”); the distribution subsystem
details (if any); and fan subsystem (if any). Ventilation cooling systems and indoor air-quality-ventilation
systems are defined as part of the dwelling unit information for multifamily buildings.

Multifamily Commeon-AreaZene-Mechanical Systems serving Multifamily buildings

345



20252 ACM Reference Manual Building Mechanical Systems

The standard design HVAC systems for dwelling units and common areas in multifamily-eemmen

areas zonesbuildings is described in table-Table 28: Residential Standard Design-Cemmen-Area HVAC
S stem _;.;..-’_!.-4“;.L:.:.;._'._;.:.;-;._;_r.;_.:_: __________________ ;.g..-’__.4_.5.L:_:-;._v._;.:.;-;._;_=.;_.9-:___._A.

Table 2827272421: Residential Standard Design-Cemmen-Area HVAC System

Space Type Propesed-DesignAbove- Climate Standard Design
Grade Floors Zone

Dwelling Unit Habitable steriesfloors < 1-15 Single zone system with
3 constant volume fan, no

economizer, DX heat pump
with electric resistance
supplemental heat

Dwelling Unit Habitable steriesfloors < 16 Single zone system with
3 constant volume fan, no
economizer, DX cooling and
furnace
Dwelling Unit Habitable steriesfloors > 2-15 Single zone system with
3 constant volume fan, no

economizer, DX heat pump
with electric resistance
supplemental heat

Dwelling Unit Habitable steriesfloors > 1,16 Single zone system with
3 constant volume fan, no
economizer, DX heat pump
with gas furnace
supplemental heat

Directly Fhreeorless-hHabitable 1-15 Single zone system with

Conditioned storiesfloors;:Climate constant volume fan, DX heat

Common Area Zones1-15<3 pump with electric resistance
supplemental heat

Directly Fhree-ortess-hHabitable 16 Single zone system with

Conditioned storiesfloors;-Climate constant volume fan, DX

Common Area Zohes16<3 cooling and furnace

Directly Four or more habitable 2-15 Single zone system with

Conditioned storiesfloors;-Climate constant volume fan, DX heat

Common Area Zores2-15 pump with electric resistance
supplemental heat

Directly Four or more habitable 1,16 Single zone system with

Conditioned storiesfloors;-Climate constant volume fan, DX heat

Common Area Zonestand-16

346



20252 ACM Reference Manual Building Mechanical Systems

pump with gas furnace
supplemental heat

Indirectly tndirectly-conditioned All Same as proposed design
Conditioned common-areaNo limit with code minimum
Common Area ventilation

Source: California Energy Commission
Regquirements for the dwellingunits-standard design mechanical systems in dwelling units are described
are-in Sections 6.98.1 Heating Subsystems through 6.98.6 Indoor Air Quality (IAQ) Ventilation-are-enly
applicable tothe dwelling units. These requirements are not applicable to the-common areas.

Multifamily common areas may be directly or indirectly conditioned. When the proposed design is
indirectly conditioned, the standard design HVAC system matches the proposed design with code
minimum ventilation. In cases where a central balanced ventilation system serves both dwelling units
and an indirectly conditioned space, the requirements for heat recovery performance is-are based on the
requirements for the dwelling units.

The standard design common area system fan shall run continuously to provide ventilation when the
space is occupied. The heating and cooling efficiencies, fan power and economizer requirements, and
heat recovery performance and other requirements shall match those described in Chapter 5
Nonresidential Building Descriptors Reference for non-residential systems with the following exceptions:

. All heating and cooling system efficiencies shall follow the requirements for equipment using

singlet-phase power.

[ ]

. Relief fans, if included, shall not be modeled or be modeled the same in the proposed and
standard designs

[ ]

. Only fan power credits from Section 170.2(c)4Ai for higher levels of filtration are-shall be
accounted for in the standard design.

. Distribution systems wiH-shall not be modeled

MulitfamilyMultifamily Parking Garages

Parking garages shall be modeled with exhaust systems. Follow rules in Chapter 5 Nonresidential
Building Descriptors Reference.

6.9.1 Heating Subsystems

The heating subsystem section describes the equipment that supplies heat to a space-conditioning
system Heating subsystems are categorlzed accordmg to the types shown in T. abIe 30: HVAC Heating
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Furnace capacity is determined by the compliance software as 200 percent of the heating load at the
heating design temperature. Heat pump compressor size is determined by the compliance software as
the larger of the compressor size calculated ferto meet 110 percent of the cooling load at the cooling
design temperature, or the compressor size w*thbased—en—a—%m@qg—that—scalculated to meet 110
percent of the heatmg load {at the heating deS|gn temperature}

If the heat pump heating capacity is insufficient to meet load during any hour, and supplemental heating
is provided by electric resistance, the unmet portion of the load is met by supplemental heating.

If the heat pump heating capacity is insufficient to meet load during any hour, and supplemental heating
is provided by gas, the entire heating load for the hour would be met by supplemental heating. In
applications where heating load is greater than or equal to cooling load, the heat pump is disabled
whenever the outdoor air temperature is below the heat pump lockout temperature. The heat pump
lockout temperature is 40 °F. In applications where cooling load is greater than heating load, the heat
pump is disabled whenever the heating load is greater than the heating capacity.

PROPOSED DESIGN

The user selects the heating subsystem equipment type, and supplies required inputs from those listed
in Tables 19 for the heating subsystem, including the apprepriate-rated heating efficiency. Exceptforheat
pumps;tThe rated heating capacity is not used as a compliance variable by the compliance software.

STANDARD DESIGN

For dwelling unit space conditioning systems, the standard design heating subsystem is dependent on
climate zone and number of habitable stories. For multifamily buildings with three habitable stories or
less in Climate Zones 1-15 the space conditioning system is a heat pump. For multifamily buildings with
three habitable stories or less in Climate Zone 16 the space conditioning system is an air conditioner with
furnace. For multifamily buildings with four or more habitable stories in Climate Zones 2-15 the space
conditioning system is a heat pump. For multifamily buildings with four or more habitable stories in
Climate Zones 1 and 16 the space conditioning system is a dual-fuel heat pump.

When the standard design is a heat pump, the equipment used in the standard design building is an
electric split-system heat pump with-default-ductsinthe-atbeandwith a heating seasonal performance

348



20252 ACM Reference Manual Building Mechanical Systems

factor (HSPF/HSPF2) meeting the current Appliance Efficiency Regulations minimum efficiency for heat

When the standard design is a gas heating system, the equipment used in the standard design building is
a gas furnace (or propane if natural gas is not available)= aeHes atbe, and an annual fuel
utilization efficiency (AFUE) meeting the Appliance Efficiency Regulahons minimum efficiency for central
systems.

on heating subsystems noted above.

Table 29282822: Standard Design Dwelling Unit Heating System

Proposed Design Standard Design

Three or less habitable stories; Climate Zones Single zone system with constant volume fan,

1-15 no economizer, DX heat pump with electric
resistance supplemental heat

Three or less habitable stories; Climate Zones Single zone system with constant volume fan,

16 no economizer, DX cooling and furnace

Four or more habitable stories; Climate Zones Single zone system with constant volume fan,

2-15 no economizer, DX heat pump with electric
resistance supplemental heat

Four or more habitable stories; Climate Zones Single zone system with constant volume fan,

1land 16 no economizer, DX heat pump with gas furnace

supplemental heat

Source: California Energy Commission

VERIFICATION AND REPORTING
The proposed heating system type and rated efficiency are reported inthe-compliance-decumentation
on the EMEC-erNREEC ertificate of Compliance. For heat pumps, which-arewith electric resistance

supplemented-supplemental by-electricresistance-backup-heating, the HERSECC-verified rated heating
capacity of each proposed heat pump is reported on the tMEC-erNREECC ertificate of Compliance.

Installed capacities must be equal to or larger than the capacities reperted-for-modeled at 47° Fand 17
° F (Reference Appendix 3.4.4.2).
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Table 302929282523: HVAC Heating Equipment Types

Name

CntrlFurnace

PkgGasFurnace

WallFurnace
Gravity

WallFurnace Fan

FloorFurnace

RoomHeater

WoodHeat

Boiler

Electric

CombHydro

Heating Equipment Description

Gas- or oil-fired central furnaces, propane furnaces, or heating equipment
considered equivalent to a gas-fired central furnace, such as wood stoves
that qualify for the wood heat exceptional method. Gas fan-type central
furnaces have a minimum AFUE=80% before December 18, 2028 and 95%
on or after December 18, 2028. Distribution can be gravity flow or use any
of the ducted systems.

The furnace side of a packaged air-conditioning system. Packaged gas or
propane furnaces have a minimum AFUE=81%. Distribution can be any of
the ducted systems.

Noncentral gas- or oil-fired wall furnace, gravity flow. Equipment has
varying efficiency requirements by capacity. Distribution is ductless.

Noncentral gas- or oil-fired wall furnace, fan-forced. Equipment has
varying efficiency requirements by capacity. Distribution is ductless.

Noncentral gas- or oil-fired floor furnace. Equipment has varying
efficiency requirements by capacity. Distribution is ductless.

Noncentral gas- or oil-fired room heaters. Noncentral gas- or oil-fired wall
furnace, gravity flow. Equipment has varying efficiency requirements by
capacity. Distribution is ductless.

Wood-fired stove. In areas with no natural gas available, a wood-heating
system with any baekup-supplemental heating system is allowed to be
installed if exceptional method criteria described in the Residential
Compliance Manual are met.

Gas or oil boilers. Distribution systems can be radiant, baseboard, or any
of the ducted systems. Boiler may be specified for dedicated hydronic
systems. Systems in which the boiler provides space heating and fires an
indirect gas water heater (IndGas) may be listed as Boiler/CombHydro
Boiler and is listed under “Equipment Type” in the HVAC Systems listing.

All electric heating systems other than space-conditioning heat pumps.
Included are electric resistance heaters, electric boilers, and storage water
heat pumps (air-water) (StoHP). Distribution system can be radiant,
baseboard, or any of the ducted systems.

Water-heating system can be any gas water heater. Distribution systems
can be radiant, baseboard, or any of the ducted systems and can be used
with any of the terminal units (FanCoil, RadiantFlr, Baseboard, and
FanConv).
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Name Heating Equipment Description
SZDFHPR
FPFC Four-pipe fan coil (FPFC)
Source: California Energy Commission
Table 313836292624: Heat Pump Equipment Types
Name Heat Pump Equipment Description

SplitHeatPump

SDHV-SplitHeat-Pump

Ductless MiniSplit
HeatPump

Ductless-MultiSplit

HeatPump

DuctlessVRF-HeatPump

PkgHeatPump

LrgPkgHeatPump

RoomHeatPump

SglPkgVertHeatPump

PkgTermHeatPump

Central split heat pump system. Distribution system is one of the ducted
systems.

Small duct, high velocity, central split-system that produces at least 1.2
inches of external static pressure when operated at the certified air
volume rate of 220-350 CFM per rated ton of cooling capacity and uses
high-velocity room outlets generally greater than 1,000 feet per minute
fprm that have less than 6.0 square inches of free area.

A heat pump system that has an outdoor section and one or more
ductless indoor sections. The indoor section(s) cycle on and off in unison
in response to an indoor thermostat.

A heat pump system that has an outdoor section and two or more
ductless indoor sections. The indoor sections operate independently and
can be used to condition multiple zones in response to multiple indoor
thermostats.

A variable-refrigerant-flow (VRF) heat pump system that has one or more
outdoor sections and two or more ductless indoor sections. The indoor
sections operate independently and can be used to condition multiple
zones in response to multiple indoor thermostats.

Central packaged heat pump systems. Central packaged heat pumps are
heat pumps in which the blower, coils, and compressor are contained in a
single package, powered by single-phase electric current, air-cooled, and
rated below 65,000 Btu/h. The distribution system is one of the ducted
systems.

Large central packaged heat pump systems, rated above 65,000 Btu/h.

Noncentral room air-conditioning systems. These include packaged
terminal (commonly called “through-the-wall”) units and any other
ductless heat pump systems.

Single-package vertical heat pump. This is a package air conditioner that
uses reverse cycle refrigeration as the prime heat source and may include
secondary supplemental heating by means of electrical resistance.

Packaged terminal heat pump. This is a package terminal air conditioner
that uses reverse cycle refrigeration as the prime heat source; has a
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Name

DuctedMiniSplitHeat
Pump
DuctedMultiSplitHeat
Pump

Ducted+DuctlessMulti
SplitHeatPump

AirToWater-HeatPump

Ground-Source
HeatPump

Variable-Capacity-Heat
Pump

SZDFHP

CHPWH

Building Mechanical Systems

Heat Pump Equipment Description

supplementary heating source available, with the choice of electric
resistant heat; and is industrial equipment.

Ducted mini-split heat pump is a system that has an outdoor section and
one or more ducted indoor sections. The indoor section(s) cycle on and
off in unison in response to an indoor thermostat.

Ducted multi-split heat pump is a system that has a single outdoor
section, and two or more ducted indoor sections. The indoor sections
operate independently and can be used to condition multiple zones in
response to multiple indoor thermostats.

Multi-split heat pump system with a combination of ducted and ductless
indoor units.

An indoor conditioning coil, a compressor, and a refrigerant-to-water heat
exchanger that provides heating and cooling functions. Also, able to heat
domestic hot water.

An indoor conditioning coil with air-moving means, a compressor, and a
refrigerant-to-ground heat exchanger that provides heating, cooling, or
heating and cooling functions. May also have the ability to heat domestic
hot water.

A variable capacity heat pump with the ability to change the speed of

compressor and ancillary components to vary capacity from the nominal
rate capacityeEHRPY—Mmeetsc gl tho roairomente af the \JCLID

Single-zone dual fuel heat pump system with constant volume fan, direct

expansion heat pump cooling and heating, and gas supplemental heating.

Central heat pump water heater systems including primary heating
equipment, primary heating storage volume, location, secondary heating
equipment, secondary heating storage volume, set point controls, and the
way in which the components are plumbed.

Source: California Energy Commission

6.9.1.1 Verified-Heating Seasonal Performance Factor (HSPF/HSPF2)

PROPOSED DESIGN

The compliance software allows the user to specify the HSPF/HSPF2 value for heat pump equipment. A
conversion factor is used to convert HSPF2 to HSPF2 ratings for modeling. For split-system, small-duct
high-velocity, and space-constrained equipment, the conversion factor is 1/0.85. For single-package
equipment, the conversion factor is 1/0.84.
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STANDARD DESIGN
The standard design is the minimum allowable HSPF for the type of heat pump equipment modeled in
the proposed design, based on the appllcable App//ance Eﬁﬁaency Regulations. Feir—een%FaJ—heaH-ng—and

VERIFICATION AND REPORTING

If an HSPF/HSPF2 for the proposed design is higher than the default minimum efficiency modeled in
compliance software, the HSPF/HSPF2 requires field verification. The HSPF/HSPF2 rating is verified using
rating data from the Air-Conditioning, Heating, and Refrigeration Institute (AHRI) Directory of Certified

Product Performance website or another directory of certified product performance ratings approved by
the CEC for determining compliance. Verified SEER/SEERHSPF/HSPF2 is reported in the HERSECC-
required verification listings on the EMEECertificate of Compliance.

6.9.1.2 Combined Hydronic Space/Water Heating

Combined hydronic space/water heating is a system whereby a water heater is used to prowde space
heating and water heating. Dedi . .
Space-heating terminals may include fan coils, baseboards, and radiant floors.

For combined hydronic systems, the water-heating portion is modeled rermallyas a domestic hot water
system as described in 6.1265-45 Domestic Hot Water (DHW )BemestieHetWaterlDHWL For space
heating, an effective AFUE is calculated for gas water heaters. For electric water heaters, an effective
HSPF/HSPF2 is calculated. The procedures for calculating the effective AFUE or HSPF/HSPF2 are
described below.

Combined hydronic space-conditioning cannot be combined with heat pump water heating or with zonal
control credit.

PROPOSED DESIGN

When a fan coil is used to distribute heat, the fan energy and the heat contribution of the fan motor
must be considered. The algorithms for fans used in combined hydronic systems are the same as those
used for gas furnaces and are described in Appendix G.

If a large fan coil is used and air-distribution ducts are in the attic, crawl space, or other unconditioned
space, the efficiency of the air-distribution system must be determined using methods consistent with
those described in Chapter 6.8.3 Distribution Systems. Duct efficiency is accounted for when the
distribution type is ducted.

6.9.1.3 Commercial or Consumer Storage Gas Water Heater

When storage gas water heaters are used in combined hydronic applications, the effective AFUE is given
by the following equation:

PL
AFUE ; = RE —| — Equation 7
‘ RI

Where:
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AFUEf — The effective AFUE of the gas water heater in satisfying the space heating load.

RE —The recovery efficiency (or thermal efficiency) of the gas storage water heater. A default value of
0.70 may be assumed if the recovery efficiency is unknown. This value is generally available from the
CEC’s Modernized -aAppliance Efficiency Database System (MAEDbS)directory.

PL — Pipe losses (kBtu/h). This can be assumed to be zero when there is less than 10 feet of piping

between the water heater storage tank and the fan coil, or when other heating elements are in
unconditioned space.

RI — The rated input of the gas water heater (kBtu/h) available from the CEC’s appliance directory,
MAEDbS.

6.9.1.4 Instantaneous Gas Water Heater

When instantaneous gas water heaters are used in combined hydronic applications, the effective AFUE is
given by the following equation:

AFUEeﬁ =UEF Equation 8
Where:

AFUEq¢f — The effective AFUE of the gas water heater in satisfying the space heating load.

UEF — The rated uniform energy factor of the instantaneous gas water heater.

6.9.1.5 Storage Electric Water Heater

The HSPF of storage water heaters used for space heating in a combined hydronic system is given by the
following equations.

PL

HSPF, T —
3.413kWi

" :3.413[1—

:| Equation 9
Where:

HSPFqff — The effective HSPF of the electric water heater in satisfying the space-heating load.

PL - Pipe losses (kBtu/h). Assumed zero when less than 10 feet of piping between the water heater
storage tank and the fan coil or other heating elements are in unconditioned space.
kW; — The kilowatts of input to the water heater available from the CEC’s appliance directory.

STANDARD DESIGN

When a hydronic system is proposed to use electricity is-used-for heating, the heating equipment for the
standard design is an electric split-system heat pump with an HSPF/HSPF2 meeting the Appliance
Efficiency Regulations requirements for split-systems. The standard design heat pump compressor size is
determined by the compliance software based on the compressor size calculated for the air-conditioning
system.

When electricity is not used for heating, the equipment used in the standard design building is a gas
furnace (or propane if natural gas is not available) with default ducts in the attic and an AFUE meeting
the Appliance Efficiency Regulations minimum efficiency for central systems. When a proposed design
uses electric and non-electric heat, the standard design is a gas furnace.
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6.9.1.6 Special Systems — Hydronic Distribution Systems and Terminals

Hydronic distribution systems in unconditioned spaces are included in the building model to account for
heat loss to these unconditioned spaces. Heat loss is affected by the length of piping in unconditioned
spaces, pipe size, pipe insulation thickness, and pipe insulation R-value.

PROPOSED DESIGN
This listing is completed for hydronic systems that have more than 10 feet of piping (plan view) in
unconditioned space. As many rows as necessary may be used to describe the piping system.

STANDARD DESIGN
The standard design is established for a hydronic system in the same way as for a central system, as
described in Chapter 6.98.1 Heating Subsystems.

VERIFICATION AND REPORTING
A hydronic or combined hydronic system is reported on the EMEC-erNREEC ertificate of Compliance.

Other information reported includes:

Piping Run Length (ft). The length (plan view) of distribution pipe in unconditioned space, in feet,
between the primary heating/cooling source and the point of distribution.

Nominal Pipe Size (in.). The nominal (as opposed to true) pipe diameter in inches.

Insulation Thickness (in.). The thickness of the insulation in inches. Enter “none” if the pipe is
uninsulated.

Insulation R-value (hr-ft>-° F/Btu). The installed R-value of the pipe insulation. Minimum pipe insulation
for hydronic systems is as specified in §Section 160.4(f).

6.9.1.7 Ground-Source Heat Pump

A ground-source heat pump system, which uses the earth as a source of energy for heating and as a heat
sink for energy when cooling, is simulated as a minimum efficiency split-system equivalent to the
standard design with default duct conditions in place of the proposed system. The mandatory
efficiencies for ground-source heat pumps are a minimum coefficient of performance (COP) for heating
and EER/EER2 for cooling.

6.9.1.8 Air-to-Water Heat Pumps

Air-to-water heat pumps (AWHPs) must be listed in the Fitle-20CEC’s appliance directory, MAEDbS
database. For the proposed design, fixed compressor speed AWHPs would be modeled equivalent to the
prescriptive air source heat pump in heating and cooling operation. Variable compressor speed AWHPs
are modeled weutdbetreated-with a 2% reduction in hourly heating energy use and an 8% reduction in
hourly cooling energy use, relative to the prescriptive air source heat pump.

6.9.1.9 Mariable-CapaeityAir Source Heat Pumps

The compliance software shall represent air source heat pump performance at different efoutdoor dry
bulb temperatures, compressor speeds, and entering air conditions, such that the modeled performance
is consistent with the rated capacities and efficiencies input by the user. For performance at outdoor dry
bulb temperatures and compressor speeds where user input is not provided, the compliance software
shall use statistically representative normalized relationships of capacity and efficiency based on
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performance data of relevant products. For variable capacity heat pumps, these relationships shall
enable the calculation of performance at both minimum and maximum capacity compressor operation.
Air source heat pump equipment is simulated based on the Resnet Guidelines for Simulating Unitary Air-

conditioning and Air-source Heat Pump Equipment, March 28, 2025. This document can be found at
https://www.resnet.us/about/standards/publications/.
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If VCHP maximum heating capacity is insufficient to meet the load, it is assumed that the unmet portion
of the load will be met by electric resistance heat. Defrost occurs between 35 °F and 17 °F outdoor
temperature with electric resistance auxmary heat assumed to compensate for heat lost during the
defrost cycle.

the-temperatureisbelow 50-F

6.9.2 Cooling Subsystems

The cooling subsystem describes the equipment that supplies cooling to a space-conditioning system--.

Air conditioner compressor size is determined by the compliance software as 110 percent of the cooling
load at the cooling design temperature. For heat pumps the compressor size is the larger of 11099
percent of the heating load or 11099 percent of the cooling load.

The compliance software shall represent unitary air conditioner performance at different efoutdoor dry
bulb temperatures, compressor speeds, and entering air conditions, such that the modeled performance
is consistent with the rated capacities and efficiencies input by the user. For performance at outdoor dry
bulb temperatures and compressor speeds where user input is not provided, the compliance software
shall use statistically representative normalized relationships of capacity and efficiency based on
performance data of relevant products. Unitary air conditioning equipment is simulated based on the

Resnet Guidelines for Simulating Unitary Air-conditioning and Air-source Heat Pump Equipment, March
28, 2025.

PROPOSED DESIGN
Cooling subsystems are categorlzed accordlng to the types shown in Table 32 HVAC Coolln Equipment
Tvpes (Other Than . ing -

as —Enterthecoolingeguipmentiypeondadditen informatio ad he-equipmen

zemng—sueh—as—t—heequment ef‘huencv ratmgs%EERAEERQ—and—EER%EER% For some types of
equipment, the user may also specify throughwia checkboxes if the equipment has a multispeed
compressor and if the system is zoned or not-via-eheckbexes. For ducted cooling systems, the cooling
airflow from the conditioned zone through the cooling coil is input as CFM per ton. The rated cooling
capacity is not a compliance variable by the compliance software.

357



20252 ACM Reference Manual Building Mechanical Systems

See ehapters-below for the-more details onf specific inputs.

STANDARD DESIGN
The cooling system for the standard design building is a rerzenratsingle-zone, eentrolsysterm;ducted air-
conditioning system or split heat pump system. foreoeling-system-ducted-coolingsystem;

Alrcondifiontngsystemsthat meetsmg the default minimum requ|rements of the a ppllcable Appl/ance
Efficiency Regulations. g 2% g
Zenes—z—and—S—lé—iepaH—systems—Mandater—fFan ef‘ﬁcacy meetlng the 2025 Energv Code s mandatory is
assumed in all climate zones. g -
EER:

For heat pumps less than 45,000 BTU the EER2 in the standard design is based on the EER2 of the
equipment in the proposed design. When the EER2 of the equipment in the proposed design is below
11.7, then the EER2 in the standard design is equal to the EER2 of the equipment in the proposed design.
When the EER2 of the equipment in the proposed design is 11.7 or greater, then the EER2 of the
standard design is 11.7. Consequently, the maximum EER2 of heat pump equipment for cooling in the
standard design is 11.7.

For heat pumps 45,000 BTU or larger, the EER2 in the standard design is based on the EER2 of the
equipment in the proposed design. When the EER2 of the equipment in the proposed design is below
11.2, then the EER2 in the standard design is equal to the EER2 of the equipment in the proposed design.
When the EER2 of the equipment in the proposed design is 11.2 or greater, then the EER2 of the
standard design is 11.2. Consequently, the maximum EER2 of heat pump equipment for cooling in the
standard design is 11.2.

Table 3231313682725: HVAC Cooling Equipment Types (OtherThanHeat

PumpsAir Conditioners)
Name Cooling Equipment Description
NoCooling Entered when the proposed building is not cooled or when cooling is

optional (to be installed at some future date). Both the standard design

eguivalentbuilding-and the proposed design use the same default system
(refer to Chapter 6.98.5-3 No Cooling).

SplitAirCond Split air-conditioning systems. Distribution system is one of the ducted
systems. (Efficiency metric: SEER/SEER2 and EER/EER2)
PkgAirCond Central packaged air-conditioning systems less than 65,000 Btu/h cooling

capacity. Distribution system is one of the ducted systems. (Efficiency
metric: SEER/SEER2 and EER/EER2)

LrgPkgAirCond Large packaged air-conditioning systems rated at or above 65,000 Btu/h
cooling capacity. Distribution system is one of the ducted systems.
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Name
SDHVSplitAirCond
DuctlessMiniSplitAirCond

DuctlessMultiSplitAirCond

DuctlessVRFAirCond
SglPkgVertAirCond

PkgTermAirCond

DuctedMiniSplitAirCond

DuctedMultiSplitAirCond

Ducted+DuctlessMulti
SplitAirCond

RoomAirCond

EvapCondenser

FPFC

Building Mechanical Systems

Cooling Equipment Description

Small-duct, high-velocity, split A£€air-conditioning system.

Ductless mini-split air-conditioningA/£E system having an outdoor section
and one or more indoor sections. The indoor sections cycle on and off in
unison in response to an indoor thermostat.

Ductless multi-split air-conditioningA£E system having an outdoor section
and two or more indoor sections. The indoor sections operate
independently and can be used to condition multiple zones in response
to multiple indoor thermostats.

Ductless variable refrigerant flow (VRF) air-conditioningA#€ system.
Single-packaged vertical air-conditioningA/€ is a self-contained cooling
system that is factory-assembled, is arranged vertically, can be mounted
on the exterior or interior of a space and, can be installed through the
wall. These units can be ducted or ductless. Fhey-are-rated-using
ANSIH/AHRI390{-P)-2003.

Packaged terminal air-conditioningAZ€ (PTAC) is a self-contained cooling system
that is installed through the wall. These systems do not use ducts. Fhey-are
rated-using- AHRI-310/380-2017.

Ducted mini-split air-conditioningA#E system having an outdoor section
and one or more indoor sections. The indoor sections cycle on and off in
unison in response to an indoor thermostat.

Ducted multi-split air-conditioningA/£C system having an outdoor section
and two or more indoor sections. The indoor sections operate
independently and can be used to condition multiple zones in response
to multiple indoor thermostats.

Combination of ducted and ductless multi-split air-conditioningA/E
system have an outdoor section and two or more indoor sections. The
indoor sections operate independently and can be used to condition
multiple zones in response to multiple indoor thermostats.

Room air conditioner is a self-contained cooling system that is installed

through the wall. These systems do not use ducts. Fhey-arerated-using
ANSHASHRAE Standard-16-2016.

Same as DuctlessSplitAirCond except that cooling is not supplied to each
habitable space in the dwelling unit.

Evaporatively cooled condensers. A split mechanical system, with a water-
cooled condenser coil.

Four-pipe fan coil (FPFC)

Source: California Energy Commission
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VERIFICATION AND REPORTING
Information shown on the EMEC-e+NREECertificate of Compliance includes cooling equipment type and

cooling efficiency (SEER/SEER2 or EER/EER2 or |IEERbeth}. Measures requiring verification (Table 33:
Summar v of Space Condmonm iri

Eeq:um%é@ﬁee) are I|sted in the HERSECC verlﬁcatlon section of the LMGGer—NRGGCertlﬁcate of
Compliance.

6.9.2.1 Verified Refrigerant Charge-er-Fauit-indicatorDisplay

Proper refrigerant charge is necessary for electrically driven compressor air-conditioning and heating
systems to operate at full capacity and efficiency. For cooling, Cemphance-software calculations set the
cooling compressor efficiency multiplier to 0.90 to account for the effect of improper refrigerant charge
or 0.96 for proper charge. For heating, software calculations set the heating compressor efficiency
multiplier to 0 92 to account for the effect of i |mproper refrlgerant charge or 0.96 for proper charge.

PROPOSED DESIGN
The compllance software allows the user to indicate if systems will have diagnostically tested refrigerant

charge . This allowance applies only to ducted split-systems

and packaged alr-condltloners and heat pumps.

STANDARD DESIGN

The standard design building is modeled with either diagnostically tested refrigerant charge or a field-
verified FID if the building is in Climate Zone 2 or 8-15, and refrigerant charge verification is required by
§Section 170.2(c)3B and Table 170.2-K for the proposed cooling system type.

VERIFICATION AND REPORTING

Refrigerant charge ex=FB-requires field verification or diagnostic testing and a«e=is reported in the
HERSECC required verification listings on the EMEC-erNRECC Certificate of Compliance. Details on
refngerant charge measurement are d|scussed in Reference AQQend/ces! ReSIdent'/al Appendix RA3.2.

Table 3332323123826: Summary of Space Conditioning Measures Requiring

Verification
Measure Description Procedures
Verified Refrigerant Air-cooled air-conditioners and air-source heat pumps RA1.2, RA3.2
Charge must be tested diagnostically to verify that the system

has the correct refrigerant charge. The system must

also meet the system airflow requirement.

i Dicel
Verified System When compliance requires verified system airflow RA3.3
Airflow greater than or equal to a specified criterion.
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Measure Description Procedures
Verified Air-Handling = To verify that fan efficacy (watt/CFM) is less than or RA3.3
Unit Fan Efficacy equal to a specified criterion.

Verified HSPF/HSPF2, | Credit for increased efficiency by installation of specific = RA3.4.4.1

SEER/SEER2 or air-conditioner or heat pump models.
EER/EER2
Verified Heat Pump Optional verification of heat-pump system capacity. RA3.4.4.2
Capacity
EvaporativelyCooled RA LA DRAZ D
Condensers RA3A3RA3AAL
Whele-House Fan RA3S

RA334

System

Source: California Energy Commission

6.9.2.2 Verified System Airflow

Adequate airflow to the conditioned space is required to allow ducted air-conditioning systems to
operate at full efficiency and capacity. Efficiency is achieved by the air-distribution system design by
improving the efficiency of motors or by designing and installing air distribution systems that have less
resistance to airflow. Compliance software calculations account for the effect of airflow on sensible heat
ratio and compressor efficiency.

For systems other than small-duct, high-velocity types, a value less than 350 CFM/ton (minimum 150
CFM/ton) is a valid input only if zonally controlled equipment is selected and multispeed compressor is
not selected. Inputs less than 350 CFM/ton for zonally controlled systems require verification using
procedures in Reference Appendices, Residential Appendix RA3.3.

§Section 160.3(b)5L requires verification that the central air-handling unit airflow rate is greater than or
equal to 350 CFM/ton for systems other than small-duct, high-velocity types or 250 CFM/ton for small-
duct, high-velocity systems. Values greater than the required CFM/ton may be input for compliance
credit, which requires diagnostic testing using procedures in Reference Appendices, Residential Appendix
RA3.3.

For single-zone systems:

e Asan alternative to verification of 350 CFM/ton for systems other than small-duct, high-velocity
types or 250 CFM/ton for small-duct, high-velocity systems, HERSECC verification of a return duct
design that conforms to the specification given in Table 160.3-A or B may be used to demonstrate
compliance.

e The return duct design alternative is not an input to the compliance software but must be
documented on the certificate of installation.
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e If a value greater than 350 CFM/ton for systems other than small-duct, high-velocity types or
greater than 250 CFM/ton for small-duct, high-velocity systems is modeled for compliance credit,
the alternative return duct design method using Table 160.3-A or B is not allowed for
demonstrating compliance.

e Variable capacity systems including multispeed and variable-speed compressor systems must
verify airflow rate (CFM/ton) for system operation at the maximum compressor speed and the
maximum air handler fan speed.

For zonally controlled systems:

e The Table 160.3-A or B return duct design alternative is not allowed for zonally controlled
systems.

e Variable capacity systems including multispeed, variable-speed, and single-speed compressor
systems must all verify airflow rate (CFM/ton) by operating the system at maximum compressor
capacity and maximum system fan speed in every zonal control mode with all zones calling for
conditioning.

e Single-speed compressor systems must also verify airflow rate (CFM/ton) in every zonal control
mode.

e For systems that input less than 350 CFM/ton, HERSECC verification compliance cannot use group
sampling.

PROPOSED DESIGN

The default cooling airflow is 150 CFM/ton for a system with “zonally controlled” selected and
“multispeed compressor” not selected (single-speed). Users may model airflow for these systems greater
than or equal to 150 CFM/ton, which must be verified using the procedures in Reference Appendices,
Residential Appendix RA3.3. Inputs less than the rates required by §Section 160.3(b)5L will be penalized
in the compliance calculation.

The default cooling airflow is 350 CFM/ton for systems other than small-duct, high-velocity types or 250
CFM/ton for small-duct, high-velocity systems. Users may model a higher-than-default airflow for these
systems and receive credit in the compliance calculation if greater-than-default system airflow is
diagnostically tested using the procedures of Reference Appendices, Residential Appendix RA3.3.

STANDARD DESIGN
The standard design shall assume a system that complies with mandatory (§Section 160.3) and
prescriptive (§Section 170.2) requirements for the applicable climate zone.

VERIFICATION AND REPORTING

The airflow rate verification compliance target (CFM or CFM/ton) is reported in the HERSECC required
verification listings of the EMEC-orNRECC ertificate of Compliance. When there is no cooling system, it is
reported on the EMEC-e-NRECC Certificate of Compliance as a special feature.

6.9.2.3 Verified Air-Handling Unit Fan Efficacy

The mandatory requirement in §Section 160.3(b)5L is for an air-handling unit fan efficacy equal to or less
than 0.45 watts/CFM for gas furnace air-handling units, 0.58 watts/CFM for air-handling units that are
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not gas furnaces, and 0.62 W/CFM for small-duct, high-velocity systems as verified by a HERSECC rater.
Users may model a lower fan efficacy (W/CFM) and receive credit in the compliance calculation if the
proposed fan efficacy value is diagnostically tested using the procedures in Reference Appendices,
Residential Appendix RA3.3.

For single-zone systems:

e Installers may elect to use an alternative to HERSECC verification of the watts/CFM required by
§Section 160.3(b)5L: HERSECC verification of a return duct design that conforms to the
specification given in Table 160.3-A or B.

e The return duct design alternative is not an input to the compliance software but must be
documented on the certificate of installation.

e If avalue less than the watts/CFM required by §Section 160.3(b)5L is modeled by the compliance
software user for compliance credit, the alternative return duct design method using Table 160.3-

A or B is not allowed for use in demonstrating compliance.
e Multispeed or variable-speed compressor systems must verify fan efficacy (watt/CFM) for system
operation at the maximum compressor speed and the maximum air handler fan speed.

For zonally controlled systems:

e The Table 160.3-A or B return duct design alternative is not allowed for zonally controlled
systems.

e Variable capacity systems including multispeed, variable-speed, and single-speed compressor
systems must all verify fan efficacy (watt/CFM) by operating the system at maximum compressor
capacity and maximum system fan speed with all zones calling for conditioning.

o Single-speed compressor systems must verify fan efficacy in every zonal control mode.

PROPOSED DESIGN

The compliance software shall allow the user to enter the fan efficacy. The default mandatory value is
0.45, 0.58, or 0.62 W/CFM, depending on the applicable system type. However, users may specify a
lower value and receive credit in the compliance calculation if verified and diagnostically tested using the
procedures of Reference Appendices, Residential Appendix RA3.3.

If no cooling system is installed, a default value of 0.45 W/CFM is assumed.

STANDARD DESIGN
The standard design shall assume a verified fan efficacy complying with the mandatory requirement of
equal to or less than the following:

0.45 W/CFM for gas furnace air-handling units, as well as air-handling unit that are not gas
furnaces and have a capacity less than 54,000 BTU/h

0.58 W/CFM for air-handling units that are not gas furnaces and have a capacity greater than or
equal to 54,000 BTU/h

0.62 W/CFM for small duct high velocity forced air systems.

VERIFICATION AND REPORTING
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For user inputs lower than the default mandatory requirement, fan efficacy is reported in the HERSECC-
required verification listings of the EMEECertificate of Compliance.

For default mandatory 0.45 or 0.58 watts/cfm, the choice of either fan efficacy or alternative return duct
design according to Table 160.3-A or B is reported in the HERSECC-required verification listings of the
LMCCorNRCCCertificate of Compliance.

No cooling system is reported as a special feature on the EMEC-e+NREECertificate of Compliance.

6.9.2.4 Verified Energy Efficiency Ratio (EER/EER2) For Buildings Up To Three Habitable SteriesFloors

PROPOSED DESIGN

Compliance software shall allow the user the option to enter an EER/EER2 rating for central cooling
equipment. For equipment that is rated only with an EER/EER2-{roem-air-conditioners), the user will
enter the EER/EER2. The Appliance Efficiency Regulations require a minimum SEER/SEER2 and EER/EER2
for central cooling equipment. Only if a value higher than a default minimum EER/EER2 is used is it
reported as a HERSECC-verified measure. A conversion factor is used to convert EER2 to EER2 ratings for
modeling. For all air conditioners the conversion factor is 1/0.96.

STANDARD DESIGN
The standard design is based on the default minimum efficiency EER/EER2 for the type of cooling
equipment modeled in the proposed design, based on the applicable Appliance Efficiency Regulations.

For heat pumps less than 45,000 BTU the EER2 in the standard design is based on the EER2 of the
equipment in the proposed design. When the EER2 of the equipment in the proposed design is below
11.7, then the EER2 in the standard design is equal to the EER2 of the equipment in the proposed design.
When the EER2 of the equipment in the proposed design is 11.7 or greater, then the EER2 of the
standard design is 11.7. Consequently, the maximum EER2 of heat pump equipment for cooling in the
standard design is 11.7.

For heat pumps 45,000 BTU or larger, the EER2 in the standard design is based on the EER2 of the
equipment in the proposed design. When the EER2 of the equipment in the proposed design is below
11.2, then the EER2 in the standard design is equal to the EER2 of the equipment in the proposed design.
When the EER2 of the equipment in the proposed design is 11.2 or greater, then the EER2 of the
standard design is 11.2. Consequently, the maximum EER2 of heat pump equipment for cooling in the
standard design is 11.2.

VERIFICATION AND REPORTING

If an EER/EER2 higherthanthe default-minimum-efficieney-is modeled in compliance software for credit,
the EER/EER2 requires field verification. The EER/EER2 rating is verified using rating data from AHR}

Directoryo erbHedRrogad RerformahceArRT-BHrectory-o erghedrrody Performance website or
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another directory of certified product performance ratings approved by the CEC for determining
compliance. Verified EER is reported in the Certificate of Compliance HERSECC-required verification
listings on the EMEE.

6.9.2.5 Verified Seasonal Energy Efficiency Ratio (SEER/SEER2) For Buildings Up To Three Habitable
StoriesFloors

PROPOSED DESIGN

The compliance software allows the user to specify the SEER/SEER2 value. A conversion factor is used to
convert SEER2 to SEER2 ratings for modeling. For split-system equipment the conversion factor is 1/0.95;
for single-package equipment the conversion factor is 1/0.96; for small-duct high-velocity the conversion
factor is 1.00; and for space-constrained equipment the conversion factor is 1/0.99.

STANDARD DESIGN

The standard design is based on the default minimum efficiency SEER/SEER?2 for the type of cooling
equipment modeled in the proposed design, based on the applicable Appliance Efficiency Regulations.
For central-cooling equipment, the minimum efficiency is 14 SEER/13.8 SEER2 for split systems.

VERIFICATION AND REPORTING

If a SEER/SEER2 higher than the default minimum efficiency is modeled in compliance software, the
SEER/SEER2 requires field verification. The higher-than-minimum SEER/SEER2 rating is verified using
rating data from AHRI Directory of Certified Product Performance website or another directory of
certified product performance ratings approved by the CEC for determining compliance. Verified
SEER/SEER?2 is reported in the HERSECC-required verification listings on the EMECCertificate of

Compliance.

6.9.2.6 Verified Evaporatively Cooled Condensers For Buildings Up To Three Habitable SteriesFloors

PROPOSED DESIGN

Compliance software shall allow users to specify an evaporatively cooled condensing unit. The
installation must comply with the requirements of Reference Appendices, Residential Appendix RA4.3.2
to ensure the predicted energy savings are achieved. This credit must be combined with verified
refrigerant charge testing, EER/EER2, and duct leakage testing.

STANDARD DESIGN
The standard design is based on a split-system air-conditioner meeting the requirements of §Section
170.2(c) and Table 170.2-K.

VERIFICATION AND REPORTING
An evaporatively-cooled condensing unit, verified EER/EER2, and duct leakage testing are reported in the
HERSECC required verification listings on the EMEECertificate of Compliance.

6.9.2.7 Evaporative Cooling

Evaporative cooling technology is best suited for dry climates where direet-indirect, or indirect-direct
cooling of the supply air stream can occur without compromising indoor comfort.-Birect-evaporative
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PROPOSED DESIGN
Compllance software shall allow users to speC|fy one of three types of evaporative cooling: {1)-direet

, -av , ype(12) indirect; or (23) indirect-direct.
Product specifications and other modeling details for evaporative cooling are found in the CEC’s

appllance dlrectory MAEDbS—fer—evapeFam*e—eeehng Dweet—system—types—a#e—as&gned—an—eﬁﬁeeney—em

evaperatl-ve—mpeet—For indirect or indirect-direct, select the appropnate type from the CEC’s appllance
directory MAEDDS and input a 13 EER as well as the airflow and media saturation effectiveness or
cooling effectiveness from the CEC’s appliance directory, MAEDbS.

STANDARD DESIGN

The standard design is based on a split-system air-conditioner meeting the requirements of §Section
170.2(c) and Table 170.2-K.

VERIFICATION AND REPORTING

evaporative cooling is modeled, the EER/EER?2 verification is shown in the HERSECC verification section of
the EMEECertificate of Compliance along with the system type, airflow, and system effectiveness.

6.9.3 Distribution Subsystems

If multiple HVAC distribution systems serve a building, each system, and the conditioned space it serves
may be modeled in detail separately or the systems may be aggregated and modeled as one large
system. If the systems are aggregated, they must be the same type, and all meet the same minimum
specifications.

For duct efficiency calculations, the supply duct begins at the exit from the furnace or air-handler
cabinet.

6.9.3.1 Distribution Type

Fan-powered, ducted distribution systems can be used with most heating or cooling systems. When
ducted systems are used with furnaces, boilers, or combined hydronic/water heating systems, the
electricity used by the fan is calculated. R-value and duct location are specified when a ducted system is
specified.

PROPOSED DESIGN
The compliance software shall allow the user to select from the basic types of HVAC distribution systems

and Iocatlons listed in Table 34. HVAC Distribution Type and Locatlon Descngtorsk&%&%&e

3 3 5 : sters. For ducted systems,
the default location of the HVAC ducts and the air handler are in conditioned space for multifamily
buildings and in the attic for all other buildings.

366



20252 ACM Reference Manual

Building Mechanical Systems

Table 343333322927: HVAC Distribution Type and Location Descriptors

Name

Ducts located in attic (ventilated
and unventilated)

Ducts located in a crawl space
Ducts located in a garage

Ducts located within the
conditioned space (except < 12
linear ft)

Ducts located entirely in
conditioned space

Distribution system without ducts
(none)

Ducts located in outdoor locations

Verified low-leakage ducts located
entirely in conditioned space

Ducts located in multiple places

HVAC Distribution Type and Location Description

Ducts located overhead in the attic space.

Ducts located under floor in the crawl space.
Ducts located in an unconditioned garage space.

Ducts located within the conditioned floor space
except for less than 12 linear feet of duct, furnace
cabinet, and plenums — typically an HVAC unit in the
garage mounted on return box with all other ducts in
conditioned space.

HVAC unit or systems with all HVAC ducts (supply and
return) within the conditioned floor space. Location of
ducts in conditioned space eliminates conduction
losses but does not change losses due to leakage.
Leakage either from ducts that are not tested for
leakage or from sealed ducts is modeled as leakage to
outside the conditioned space.

Air-distribution systems without ducts such as ductless
split-system air-conditioners and heat pumps, window
air-conditioners, through-the-wall heat pumps, wall
furnaces, floor furnaces, radiant electric panels,
combined hydronic heating equipment, electric
baseboards, or hydronic baseboard finned-tube
natural convection systems, etc.

Ducts in exposed locations outdoors.

Duct systems for which air leakage to outside is equal
to or less than 25 CFM when measured in accordance
with Reference Residential Appendix RA3.1.4.3.8.

Ducts with different supply and return duct locations.

Source: California Energy Commission
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Table 353434333028: Summary of Verified Distribution Systems

Measure
Multifamily
Buildings Yute
FhreeHabitable
Sterieskloors
Verified Duct
Sealing
Multifamily
Buildings Yete
FhreeHabitable
SteriesHoors
Verified Duct
Location,
Reduced Surface
Area and R-value

Multifamily
Buildings Yete
FhreeHabitable
StoriesElgers
Low-Leakage
Ducts in
Conditioned
Space

Multifamily
Buildings Yete
Fhree-Habitable
StesiesHeoss
Hydronic Delivery
in Conditioned
Space
Multifamily
Buildings Yete
Fhree-Habitable
StesiesHoors
Low-Leakage Air-
Handling Units

Description

Mandatory measures require that space-conditioning ducts be
sealed. Field verification and diagnostic testing are required to
verify that approved duct system materials are used and that duct
leakage meets the specified criteria.

Compliance credit can be taken for improved supply duct location,
reduced surface area, and R-value. Field verification is required to
verify that the duct system was installed according to the duct
design, including location, size and length of ducts, duct insulation
R-value, and installation of buried ducts.? For buried duct
measures, verified Qll is required, as well as duct sealing.

When the Energy Code specify use of the procedures in Reference
Appendices, Residential Appendix RA3.1.4.3.8 to determine if the
space-conditioning system ducts are entirely in directly
conditioned space, the duct system location is verified by
diagnostic testing. Compliance credit can be taken for verified
duct systems with low air leakage to the outside when measured
in accordance with Reference Appendices, Residential Appendix
RA3.1.4.3.8. Field verification for ducts in conditioned space is
required. Duct sealing is required.

Compliance credit can be taken for hydronic delivery systems with
no ducting or piping in unconditioned space. For radiant ceiling
panels, the verifications in Reference Appendices, Residential
Appendix RA3.4.5 must be completed to qualify.

Compliance credit can be taken for installing a factory-sealed air-
handling unit tested by the manufacturer and certified to the CEC
to have met the requirements for a low-leakage air-handling unit.
Field verification of the air handler model number is required.
Duct sealing is required.
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Measure Description Procedures
Multifamily Verification to confirm that the return duct design conforms to RA3.1.4.4
Buildings Yg=te the criteria given in Table 160.3-A or Table 160.3-B. as an

Three Habitable alternative to meeting 0.45 or 0.58 W/CFM fan efficacy of

SteriesEloars §Section 160.3(b)5L

Verified Return

Duct Design

Multifamily Verification to determine if system is zonally controlled and RA3.1.4.6

Buildings Yg=te confirm that bypass ducts condition modeled matches

Three Habitable installation.

Sterieskloors

Verified Bypass

Duct Condition
1. Compliance credit for increased duct insulation R-value (not buried ducts) may be taken without field
verification if the R-value is the same throughout the building, and for supply ducts located in crawl
spaces and garages where all supply registers are either in the floor or within 2 feet of the floor. If these
conditions are met, HERSECC rater verification is not required.

Source: California Energy Commission

The compliance software will allow users to select default assumptions or specify any of the verified or
diagnostically tested HVAC distribution system condltlons in the proposed design (Table 35: Summary of
Verified Distribution Systems¥ab : :

target, R-value, supply and return duct area, diameter, and location.

STANDARD DESIGN

The standard heating and cooling system for central systems is modeled with air distribution ducts

located as described in Table 36: Summary of Standard Design Duct Location for Buildings Up to Three
w ak . : g 5 o

standard de5|gn duct msulatlon is determlned by Table 170.2-K as R-6 in Cllmate Zones 3 and 5-7, and R-
8 in Climate Zones 1, 2, 4, and 8-16. The standard design building is assumed to have the same number
of steriesfloors as the proposed design for determining the duct efficiency.
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Table 363535343129: Summary of Standard Design Duct Location for
Buildings Up to Three Habitable SteriesFloors

Configuration of the
Proposed Design

Attic over the dwelling unit

No attic but crawl space or
basement

Standard Design Duct
Location

Ducts and air handler
located in the attic

Ducts and air handler
located in the crawl space
or basement

Detailed Specifications

Ducts sealed (mandatory
requirement)

No credit for verified R-
value, location, or duct
design

Ducts sealed (mandatory
requirement)

No credit for verified R-

value, location, or duct
design

Ducts sealed (mandatory
requirement)

No credit for verified R-
value, location, or duct
design

Ducts and air handler
located indoors

Multifamily buildings with
no attic, crawl space or
basement

This table is applicable only when the standard design system has air-distribution ducts
Source: California Energy Commission

VERIFICATION AND REPORTING

Distribution type, location, R-value, and the determination of whether tested and sealed will be shown
on the EMEECertificate of Compliance. If there are no ducts, the absence of ducts is shown as a special
feature on the tMEECertificate of Compliance. Any duct location other than attic (for example, crawl
space) is shown as a special feature on the EMEECertificate of Compliance. Ducts in crawl space or the
basement shall include a special feature note if supply registers are within 2 feet of the floor. Measures
that require HERSECC verification will be shown in the HERSECC required verification section of the
EMecCCertificate of Compliance.

6.9.3.2 Duct Location For Buildings Up to Three Habitable SteriesFloors

Duct location determines the external temperature for duct conduction losses, the temperature for
return leaks, and the thermal regain of duct losses.

PROPOSED DESIGN

If any part of the supply or return duct system is in an unconditioned attic, that entire duct system is
modeled with an attic location. If no part of the supply or return duct system is located in the attic, but
the duct system is not entirely in conditioned space, it is modeled in the unconditioned zone, which
contains the largest fraction of the surface area. If the supply or return duct system is entirely in
conditioned space, the duct system is modeled in conditioned space.
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For ducted HVAC systems with some or all ducts in unconditioned space, the user specifies the R-value
and surface area of supply and return ducts and the duct location.

Duct location and areas other than the defaults shown in Table 36: Summary of Standard Design Duct
Locatlon for Buildings Up to Three Habitable : = g }

may be used foIIowmg the verlﬁcatlon procedures in Reference Appendices, Residential Appendlx
RA3.1.4.1.

STANDARD DESIGN
The standard design duct location is determined from the building conditions-{Fable-26}.

VERIFICATION AND REPORTING

Duct location is reported on the EMECCertificate of Compliance. Ducts entirely in conditioned space and
verified low-leakage ducts entirely in conditioned space are reported in the HERSECC-required
verification listing on the EMEECertificate of Compliance.

Default duct locations are shown in Table 37: Location of Default Duct Surface Area%&%&b@@ﬂeﬂ

su&e%éeﬁea The duct surface area for crawI space and basement applies onIy to bU|Id|ngs or zones with
all ducts installed in the crawl space or basement. If the duct is installed in locations other than crawl
space or basement, the default duct location is “Other.” For dwelling units with two or more
steriesfloors, 35 percent of the default duct area may be assumed to be in conditioned space, as shown
in Table 37 Location of Default Duct Surface AreaZeaks

The surface area of ducts in conditioned space is ignored in calculating conduction losses.

Table 373636353230: Location of Default Duct Surface Area

Supply Duct One steryfloor Two or more steriesfloors

Location

All in crawl space 100% crawl space 65% crawl space, 35% conditioned space
All in basement 100% basement 65% basement, 35% conditioned space
Other 100% attic 65% attic, 35% conditioned space

Source: California Energy Commission
6.9.3.3 Duct Surface Area

The supply-side and return-side duct surface areas are treated separately in distribution efficiency
calculations. The duct surface area is determined using the following methods.
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6.9.3.4 Default Return Duct Surface Area
Default return duct surface area is calculated using:

Ar,out =K X Afioor
Equation 10

Where K; (return duct surface area coefficient) is 0.05 for one-stesyfloor dwelling units and 0.1 for
dwelling units with two or more steriesfloors and Aqqor is the floor area. A;out is the surface area of the
return duct.

6.9.3.5 Default Supply Duct Surface Area

STANDARD DESIGN
The standard design and default proposed design supply duct surface area is calculated using Equation 5.

A, =027xA

s, out floor < KS Equation 11

Where K (supply duct surface area coefficient) is 1 for one-steryfloor buildings and 0.65 for two or more
steriesfloors and Asoor is the floor area. Asout is the surface area of the return duct.

6.9.3.6 Supply Duct Surface Area for Less Than 12 feet of Duct in Unconditioned Space

PROPOSED DESIGN

For proposed design HVAC systems with air handlers outside the conditioned space but with less than 12
linear feet of duct outside the conditioned space, including air handler and plenum, the supply duct
surface area outside the conditioned space is calculated using Equation 6. The return duct area remains
the default for this case.

As,out =0.027 x Afloor Equation 12

6.9.3.7 Diagnostic Duct Surface Area for Buildings Up to Three Habitable SteriesFloors

Proposed designs may claim credit for reduced surface area using the procedures in Reference
Appendices, Residential Appendix RA3.1.4.1.

The surface area of each duct system segment shall be calculated based on the associated inside
dimensions and length. The total supply surface area in each unconditioned location (attic, attic with
radiant barrier, crawl space, basement, other) is the sum of the area of all duct segments in that location.
The surface area of ducts completely inside conditioned space need not be input in the compliance
software and is not included in the calculation of duct system efficiency. The area of ducts in floor
cavities or vertical chases that are surrounded by conditioned space and separated from unconditioned
space with draft stops are also not included. The compliance software assumes the user input duct
system area is 85 percent of the total duct system area. The other 15 percent is assumed to be air
handler, plenum, and connectors. Because of this, the total duct system area used in the building
simulation is:

Simulated Duct System Area = 1.1765 multiplied by the total user entered duct system area
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6.9.3.8 Bypass Duct

§Section 170.2(c)3C prohibits use of bypass ducts unless a bypass duct is otherwise specified on the
certificate of compliance. A bypass duct may be needed for some single-speed outdoor condensing unit
systems. The compliance software allows users to specify a bypass duct for the system. Selection of a
bypass duct does not trigger changes in the ACM modeling defaults, but verification by a HERSECC rater
is required to use the procedure in Reference Appendices, Residential Appendix RA3.1.4.6.

Specification of a zonally controlled system with a single-speed condensing unit will trigger a default
airflow rate value of 150 CFM/ton for the calculations. User input less than 350 CFM/ton reduces the
compliance margin as compared to systems that model 350 CFM/ton as described in Chapter 6.98.2.2
Verified System Airflow.

PROPOSED DESIGN

Compliance software shall allow users to specify whether a bypass duct is used for a zonally controlled
forced air system.

STANDARD DESIGN
The standard design is based on a split-system air-conditioner meeting the requirements of §Section
170.2 and Table 170.2-K. The system is not a zonally controlled system.

VERIFICATION AND REPORTING

An HVAC system with zonal control, and the determination of whether the system is assumed to have a
bypass duct or have no bypass duct, is reported in the HERSECC-required verification listings on the
EMEeC-or-NRECCertificate of Compliance.

6.9.3.9 Duct System Insulation

For conduction calculations in the standard and proposed designs, 85 percent of the supply and return
duct surface is assumed duct material at the related specified R-value, and 15 percent is assumed air
handler, plenum, connectors, and other components at the mandatory minimum R-value.

The area weighted effective R-value is calculated by the compliance software using Equation 7, including
each segment of the duct system that has a different R-value.

(A1+As....+AN)

A A A
R, R, Ry

Reff =

Equation 13

Where:

Reff - Area weighted effective R-value of duct system for use in calculating duct efficiency,
(h-ft-°F/Btu)

An - Area of duct segment n, square feet

Rn - R-value of duct segment n including film resistance (duct insulation rated R + 0.7)
(h-ft-°F/Btu)

PROPOSED DESIGN
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The compliance software user inputs the R-value of the proposed duct insulation and details. The default
duct thermal resistance is based on Table 170.2-K, which is R-6 in Climate Zones 3 and 5-7, R-8 in Zones
1, 2,4, and 8-16.

Duct location and duct R-value are reported on the EMEECertificate of Compliance. Credit for systems
with mixed insulation levels, nonstandard supply and return duct surface areas, or ducts buried in the
attic require the compliance and diagnostic procedures in Reference Appendices, Residential Appendix
RA3.1.4.1.

If verified duct design is selected, the user must enter the duct design into the compliance software. For
each duct segment entered, the user must specify Type (supply/return), Buried (yes/no, as specified by
per-Chapter 6.98.3.10 Buried Attic Ducts), Diameter (inside/nominal), Length, and Duct Insulation R-
value. User-entered duct design must be verified by a HERSECC rater according to the procedures in
Reference Appendices, Residential Appendix RA3.1.4.1.1. User-entered duct design and duct location are
reported on the EMEECertificate of Compliance when nonstandard values are specified.

STANDARD DESIGN
The required duct insulation R-value is from Table 170.2-K for the applicable climate zone used in the
standard design.

VERIFICATION AND REPORTING

Duct type (supply/return), nominal diameter, length, R-value, and location, and supply and return areas
are reported on the EMEC-erNRECCertificate of Compliance. Verified duct design is reported in the
HERSECC-required verification listing on the tMEC-o+NREECertificate of Compliance.

6.9.3.10 Buried Attic Ducts

Ducts partly, fully, or deeply buried in blown attic insulation in dwelling units meeting the requirements
for verified Qll may take credit for increased effective duct insulation. To qualify for buried duct credit,
ducts must meet mandatory insulation levels (R-6) prior to burial, be directly or within 3.5 inches of
ceiling gypsum board and be surrounded by at least R-30 attic insulation. Moreover, credit is available
only for duct runs where the ceiling is level, there is at least 6 inches of space between the duct outer
jacket and the roof sheathing, and the attic insulation has uniform depth. Existing ducts are exempt
fremnot required to meet the mandatory minimum insulation levels, but to qualify for buried duct
credit, they must have greater than R-4.2 insulation before burial.

In addition to the above requirements, deeply buried ducts must be buried by at least 3.5 inches of
insulation above the top of the duct insulation jacket and located within a lowered area of the ceiling, a
deeply buried containment system, or buried by at least 3.5 inches of uniformly level insulation.
Mounding insulation to achieve the 3.5-inch burial level is not allowed.

Deeply buried duct containment systems must be installed such that the walls of the system are at least
7 inches wider than the duct diameter (3.5 inches on each side of duct), the walls extend at least 3.5
inches above the duct outer jacket, and the containment area surrounding the duct must be completely
filled with blown insulation.

The duct design shall identify the segments of the duct that meet the requirements for being buried, and
these are input into the compliance software separately from non-buried ducts. For each buried duct,
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the user must enter the duct size, R-value, and length, and determination of whether the duct qualifies
as deeply buried. The user must also indicate if a duct uses a deeply buried containment system. The
compliance software calculates the weighted average effective duct system R-value based on the user-
entered duct information, blown insulation type (cellulose or fiberglass), and R-value.

Duct-effective R-values are broken into three categories: partially, fully, and deeply, with each having
different burial levels and requirements. Partially buried ducts have less than 3.5 inches of exposed duct
depth, fully buried ducts have insulation depth at least level with the duct jacket, and deeply buried
ducts have at least 3.5 inches of insulation above the duct jacket in addition to the above requirements.
Effective duct R-value used by the compliance software are listed in Table 38: Buried Duct Effective R-
ValuesFable3Z-Buried-DuctEffective-R-ValyesTable 31 Buried Duct-Effective-R=-Values through Table 43:
Buried Duct Effective R-Values¥able42-Buried-DyctEffoet fye-R-\L aluesTable36:Byried-DuctEffectiveR
Malyes.

PROPOSED DESIGN

The compliance software calculates the effective R-value of buried ducts based on user-entered duct
size, R-value, and length; attic insulation level and type; and determination of whether the duct meets
the requirements of a deeply buried duct by using a lowered ceiling chase or a containment system. This
feature must be combined with verified Qll, verified duct location, reduced surface area and R-value, and
verified minimum airflow. The compliance software will allow any combination of duct runs and the
associated buried condition, and the overall duct system effective R-value will be a weighted average of
the combination. The default is no buried ducts.

STANDARD DESIGN
The standard design has no buried ducts.

VERIFICATION AND REPORTING
Buried duct credit is reported in the HERSECC required verification listing on the tMEECertificate of
Compliance.

Table 383#37#36333%: Buried Duct Effective R-Values

R-8 Ducts With Blown Fiberglass Attic Insulation

Di:n:(;tter R-30 Ceiling | R-38 Ceiling | R-40 Ceiling | R-43 Ceiling | R-49 Ceiling | R-60 Ceiling
3" R-18 R-26 R-26 R-26 R-26 R-26
4" R-13 R-18 R-26 R-26 R-26 R-26
5" R-13 R-18 R-18 R-26 R-26 R-26
6" R-13 R-18 R-18 R-18 R-26 R-26
7" R-13 R-13 R-18 R-18 R-26 R-26
8" R-8 R-13 R-13 R-18 R-18 R-26
9" R-8 R-13 R-13 R-13 R-18 R-26
10" R-8 R-13 R-13 R-13 R-18 R-26
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Di::jcetter R-30 Ceiling | R-38 Ceiling | R-40 Ceiling | R-43 Ceiling | R-49 Ceiling | R-60 Ceiling
12" R-8 R-8 R-8 R-13 R-13 R-26
14" R-8 R-8 R-8 R-8 R-13 R-18
16" R-8 R-8 R-8 R-8 R-8 R-13
18" R-8 R-8 R-8 R-8 R-8 R-13
20" R-8 R-8 R-8 R-8 R-8 R-8
22" R-8 R-8 R-8 R-8 R-8 R-8
24" R-8 R-8 R-8 R-8 R-8 R-8

Source: California Energy Commission
Table 393838373432: Buried Duct Effective R-Values
R-8 Ducts with Blown Cellulose Attic Insulation
Duct - - - - - -

Diameter R-30 Ceiling | R-38 Ceiling | R-40 Ceiling | R-43 Ceiling | R-49 Ceiling | R-60 Ceiling
3" R-14 R-20 R-20 R-20 R-32 R-32
4" R-14 R-14 R-20 R-20 R-20 R-32
5" R-8 R-14 R-14 R-20 R-20 R-32
6" R-8 R-14 R-14 R-14 R-20 R-32
7" R-8 R-14 R-14 R-14 R-20 R-20
8" R-8 R-8 R-8 R-14 R-14 R-20
9" R-8 R-8 R-8 R-8 R-14 R-20
10" R-8 R-8 R-8 R-8 R-14 R-20
12" R-8 R-8 R-8 R-8 R-8 R-14
14" R-8 R-8 R-8 R-8 R-8 R-8
16" R-8 R-8 R-8 R-8 R-8 R-8
18" R-8 R-8 R-8 R-8 R-8 R-8
20" R-8 R-8 R-8 R-8 R-8 R-8
22" R-8 R-8 R-8 R-8 R-8 R-8
24" R-8 R-8 R-8 R-8 R-8 R-8

Source: California Energy Commission

Table 403939383533 Buried Duct Effective R-Values
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Di:r:fetter R-30 Ceiling | R-38 Ceiling | R-40 Ceiling | R-43 Ceiling | R-49 Ceiling | R-60 Ceiling
R-24 R-24 R-24 R-24 R-24
R-24 R-24 R-24 R-24
R-24 R-24 R-24 R-24
R-24 R-24 R-24
R-24 R-24
R-24 R-24
R-24 R-24
10" R-6
12" R-6 R-6
14" R-6 R-6 R-6 R-6
16" R-6 R-6 R-6 R-6
18" R-6 R-6 R-6 R-6
20" R-6 R-6 R-6 R-6
22" R-6 R-6 R-6 R-6 R-6 R-6
24" R-6 R-6 R-6 R-6 R-6 R-6
Source: California Energy Commission
Table 4148408393634: Buried Duct Effective R-Values
R-6 Ducts with Blown Cellulose Attic Insulation
) Duct R-30 Ceiling | R-38 Ceiling | R-40 Ceiling | R-43 Ceiling | R-49 Ceiling | R-60 Ceiling
Diameter
R-31 R-31
R-31

16"

18"
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Di::;tter R-30 Ceiling | R-38 Ceiling | R-40 Ceiling | R-43 Ceiling | R-49 Ceiling | R-60 Ceiling
20" R-6 R-6 R-6 R-6 R-6 R-6
22" R-6 R-6 R-6 R-6 R-6 R-6
24" R-6 R-6 R-6 R-6 R-6 R-6

Source: California Energy Commission
Table 424343403735: Buried Duct Effective R-Values
R-4.2 Ducts With Blown Fiberglass Attic Insulation
Duct - - - - - -

Diameter R-30 Ceiling | R-38 Ceiling | R-40 Ceiling | R-43 Ceiling | R-49 Ceiling | R-60 Ceiling
3" R-13 R-22 R-22 R-22 R-22 R-22
4" R-13 R-22 R-22 R-22 R-22 R-22
5" R-13 R-22 R-22 R-22 R-22 R-22
6" R-13 R-13 R-22 R-22 R-22 R-22
7" R-9 R-13 R-13 R-22 R-22 R-22
8" R-9 R-13 R-13 R-13 R-22 R-22
9" R-9 R-13 R-13 R-13 R-22 R-22
10" R-4.2 R-9 R-13 R-13 R-13 R-22
12" R-4.2 R-9 R-9 R-9 R-9 R-22
14" R-4.2 R-4.2 R-4.2 R-9 R-9 R-22
16" R-4.2 R-4.2 R-4.2 R-4.2 R-9 R-13
18" R-4.2 R-4.2 R-4.2 R-4.2 R-4.2 R-9
20" R-4.2 R-4.2 R-4.2 R-4.2 R-4.2 R-9
22" R-4.2 R-4.2 R-4.2 R-4.2 R-4.2 R-4.2
24" R-4.2 R-4.2 R-4.2 R-4.2 R-4.2 R-4.2

Source: California Energy Commission
Table 434242413836: Buried Duct Effective R-Values
R-4.2 Ducts with Blown Cellulose Attic Insulation
Duct R-30 Ceiling | R-38 Ceiling | R-40 Ceiling | R-43 Ceiling | R-49 Ceiling | R-60 Ceiling

Diameter
3" R-15 R-15 R-29 R-29 R-29 R-29
4" R-9 R-15 R-15 R-15 R-29 R-29
5" R-9 R-15 R-15 R-15 R-29 R-29
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Di::jcetter R-30 Ceiling | R-38 Ceiling | R-40 Ceiling | R-43 Ceiling | R-49 Ceiling | R-60 Ceiling
6" R-9 R-9 R-15 R-15 R-15 R-29
7" R-4.2 R-9 R-9 R-15 R-15 R-29
8" R-4.2 R-9 R-9 R-9 R-15 R-29
9" R-4.2 R-9 R-9 R-9 R-15 R-15
10" R-4.2 R-4.2 R-9 R-9 R-9 R-15
12" R-4.2 R-4.2 R-4.2 R-4.2 R-9 R-15
14" R-4.2 R-4.2 R-4.2 R-4.2 R-4.2 R-9
16" R-4.2 R-4.2 R-4.2 R-4.2 R-4.2 R-9
18" R-4.2 R-4.2 R-4.2 R-4.2 R-4.2 R-4.2
20" R-4.2 R-4.2 R-4.2 R-4.2 R-4.2 R-4.2
22" R-4.2 R-4.2 R-4.2 R-4.2 R-4.2 R-4.2
24" R-4.2 R-4.2 R-4.2 R-4.2 R-4.2 R-4.2

Source: California Energy Commission
6.9.3.11 Duct/Air Handler Leakage
The total duct/alr handler Ieakage shown in Table 45 Individual IAQ S¥stem Standard Design Fan

saey is used in simulating the duct system. The supply duct Ieakage for each case
is the tabIe vaIue mult'lphed by 0.585. The return leakage is the table value multiplied by 0.415.

PROPOSED DESIGN
For each ducted system, the compllance software user specifies one of the duct/air handler leakage

STANDARD DESIGN
For ducted systems, the standard design is sealed and tested duct systems in existing dwelling units or
new duct systems.

VERIFICATION AND REPORTING

Sealed and tested duct systems are listed in the HERSECC verification section of the EMECC Certificate of
Compliance. Duct leakage is measured in accordance with procedures and values specified in Reference
Appendices, Residential Appendix RA3.

6.9.3.12 Low Leakage Air Handlers

A low-leakage air handler may be specified as well as a lower duct leakage value. (See Chapter 6.8.3.11
Duct/Air Handler Leakage.) Installation requires installing one of the list of approved low-leakage air
handling units published by the CEC. The manufacturer certifies that the appliance complies with the
requirements of Reference Appendices, Joint Appendices JA9.2.1,9.2.2,9.2.3, and 9.2.4.
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Table 444343423937#: Duct/Air Handler Leakage

Total Duct/Air

Case Duct Leakage Air Handler Leakage

& & Handler Leakage
Sealed and tested new or altered 12% Included in duct 12%
duct systems in conditioned or leakage

unconditioned space in a multifamily
dwelling unit

Verified low-leakage ducts in 0% 0% 0%
conditioned space

Low leakage air handlers in 5% or as 0% 5% or as measured
combination with sealed and tested | measured
new duct systems

Source: California Energy Commission

PROPOSED DESIGN

Credit can be taken for installing a factory-sealed air-handling unit tested by the manufacturer and
certified to the CEC to meet the requirements for a low-leakage air-handler. Field verification of the air
handler model number is required.

STANDARD DESIGN
The standard design has a normal air handler.

VERIFICATION AND REPORTING
A low-leakage air handler is reported on the compliance report and field verified in accordance with the
procedures specified in Reference Appendices, Residential Appendix RA3.1.4.3.9.

6.9.3.13 Verified Low-Leakage Ducts in Conditioned Space

PROPOSED DESIGN

For ducted systems, the user may specify that all ducts are entirely in conditioned space, and the
compliance software will model the duct system with no leakage and no conduction losses.

STANDARD DESIGN
The standard design has ducts in the default location.

VERIFICATION AND REPORTING

Systems that have all ducts entirely in conditioned space are reported on the compliance documents and
verified by measurements showing duct leakage to outside conditions is equal to or less than 25 CFM
when measured in accordance with Reference Appendices, Residential Appendix RA3.

380



20252 ACM Reference Manual Building Mechanical Systems

6.9.4 Space-Conditioning Fan Subsystems

Fan systems move air for air-conditioning, heating, and ventilation systems. The compliance software
allows the user to define the fans to be used for space-conditioning, IAQ, and ventilation cooling. IAQ
and ventilation cooling are discussed in Chapter 6.8.6 Ventilation and Heat Recovery.

PROPOSED DESIGN

For the space-conditioning fan system, the user selects the type of equipment and enters basic
information to model the energy use of the equipment. For ducted central air-conditioning and heating
systems, the fan efficacy default is the mandatory minimum verified efficacy of 0.45, 0.58, or 0.62
W/CFM, depending on applicable system type (also assumed when there is no cooling system).

STANDARD DESIGN
The standard design shall assume a verified fan efficacy complying with the mandatory requirement of
equal to or less than 0.45, 0.58, or 0.62 watts/CFM, depending on the applicable system type.

VERIFICATION AND REPORTING
Minimum verified fan efficacy is mandatory for all ducted cooling systems. Fan efficacy is reported in the
HERSECC required verification listings on the EMEC-e~NREECertificate of compliance.

6.9.5 Space-Conditioning Systems

This chapter describes the general procedures for heating and cooling systems in multifamily buildings.
The system includes the cooling system, the heating system, distribution system, and mechanical fans.

If multiple systems serve a building, each system, and the conditioned space it serves may be modeled in
detail separately or the systems may be aggregated and modeled as one large system. If the systems are
aggregated, they must be the same type and all meet the same minimum specifications.

6.9.5.1 Multiple System Types Within Building

PROPOSED DESIGN
For proposed designs using more than one heating system type, equipment type, or fuel type, and the
types do not serve the same floor area, the user shall zone the building by system type.

STANDARD DESIGN

The standard design shall have the same zoning and heating system types as the proposed design.

VERIFICATION AND REPORTING
The heating system type of each zone is shown on the EMEC-e+NRECCertificate of Compliance.

6.9.5.2 Multiple Systems Serving Same Area

If a space or a zone is served by more than one heating system, compliance is demonstrated with the
most FBVLSC energy-consuming system serving the space or the zone. For spaces or zones that are
served by electric resistance heat in addition to other heating systems, the electric resistance heat is
deemed the most FBVLSC energy-consuming system unless the supplemental heating meets the
exception to §Section 170.2(c)3A. See eligibility criteria in Nonresidential Compliance Manual Section
11.5.3.2 for conditions under which the supplemental heat may be ignored.
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For floor areas served by more than one cooling system, equipment, or fuel type, the system,
equipment, and fuel type that satisfy the cooling load are modeled.

6.9.5.3 No Cooling

PROPOSED DESIGN

When the proposed design has no cooling system, the proposed design is required to model the
standard design cooling system defined in §Section 170.2 and Table 170.2-K. Since the proposed design
system is identical to the standard design system, there is no penalty or credit.

STANDARD DESIGN
The standard design system is the specified in §Section 170.2 and Table 170.2-K for the applicable
climate zone.

VERIFICATION AND REPORTING
No cooling is reported as a special feature on the EMEECertificate of Compliance.

6.9.5.4 Zonally Controlled Forced-Air Cooling Systems

Zonally controlled central forced-air cooling systems must be able to deliver, in every zonal control mode,
an airflow to the dwelling of > 350 CFM per ton of nominal cooling capacity and operating at an air-
handling unit fan efficacy of < 0.45 or 0.58 W/CFM depending on the applicable system type. This is a
HERSECC-verified measure, complying with Reference Appendices, Residential Appendix RA3.3.

An exception allows multispeed or variable-speed compressor systems, or single-speed compressor
systems to meet the mandatory airflow (CFM/ton) and fan efficacy (watt/CFM) requirements by
operating the system at maximum compressor capacity, and system fan speed with all zones calling for
conditioning, rather than in every zonal control mode.

PROPOSED DESIGN
The user selects zonally controlled as a cooling system input.

STANDARD DESIGN
The standard design building does not have a zonally controlled cooling system.

VERIFICATION AND REPORTING

Zonally controlled forced-air cooling systems are required to have the system bypass duct status verified
by a HERSECC rater according to the procedures in Reference Appendices, Residential Appendix
RA3.1.4.6, and the fan efficacy and airflow rate are required to be verified according to the procedures in
RA3.3.

6.9.6 Indoor Air Quality (IAQ) Ventilation

For newly constructed buildings_ and additions greater than 1,000 ft? with dwelling units-aad-additions

greaterthan-1.000-f* and-additionsgreaterthan1,000-f2, the Energy Code requires that all dwelling
units meet the_IAQ ventilation requirements of ASHRAE Standard 62.2 with California amendments

specified in §Section 160.2(b)2 and 160.2(c)3. Ventilation for spaces that are not dwelling units within
the building should follow the nonresidential ventilation described in Section 120.1 as calculated
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according to Section 5.6.8 in the ACM Reference Manual. IAQ ventilation is not required for newly
constructed buildings that are not dwelling units. Providing acceptable IAQ through mechanical

ventilation is one of the requirements of ASHRAE Standard 62.2.

VERIFICATION AND REPORTING

The required ventilation rate to comply with the Energy Code and the means to achieve compliance are
indicated on the EMEC-CFIRC Certificate of Compliance. The IAQ system characteristics are reported in the
HERSECC required verification listing on the EMEC-erNRECC ertificate of Compliance. The diagnostic
testing procedures are in Reference Appendices, Residential Appendix RA3.7.

Special features are reported on the EMEECertificate of Compliance when the proposed system has heat
or energy recovery or when the proposed fan efficacy is less than the applicable value in Table 45Fable
L4Fable 38

6.9.6.1 Design Ventilation Rate
The gquantity of ventilation air must be identified for each residential dwelling unit thermal zone.

PROPOSED DESIGN

The design ventilation rate may be between 95 percent and 110 percent of code-minimum required
ventilation rates for multifamily common area in a residential zone group without penalty.

Total common area v¥entilation rates below 95 percent of the code-minimum required ventilation rate
for a residential zone group are not allowed.

The design ventilation rate may be between 100 percent and 125 percent of the code-minimum required
ventilation rate for multifamily dwelling units without penalty.

Ventilation rates below the code-minimum required ventilation rate for a thermalzeremultifamily
dwelling unit are not allowed.

STANDARD DESIGN

For common spaces ventilation is provided by a SZHP where the ventilation rate is determined in the
same way as for the nonresidential area, see Section 5.6.8.

For multifamily building dwelling units, the standard design ventilation rate is the greater of the code
minimum ventilation rate and the proposed design minimum ventilation rate, but subject to a limit of
125% of the code-minimum required ventilation rate. H-the-propesed-ventilationrate-exceeds-the limits
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6.9.6.3 IAQ System Type
Proposed Design

For dwelling units in multifamily buildings, tF¥he user identifies the type of IAQ system in the proposed
design (exhaust-supply only; or balanced) and whether the supply and/or exhaust are central or
individual. System type must be consistent for all dwelling units in a building.

Standard Design

For dwelling units, the standard design mechanical ventilation system type is the same as the proposed
design_except in Climate Zones 1, 2, 4, 11 through 14, and 16, where the software defaults to balanced
with HRV to reflect the prescriptive requirements. System type is determined by whether the

supply/exhaust is central (system serving multiple zones) vs. individual (system serving one zone) and
the configuration of the system; balanced (supply and exhaust with equal airflow), supply only-e¢
exhaust-enly. The standard design system type, either individual or central, is the same as the proposed
design for each type of supply and exhaust stream. For example, if the proposed design has central
supply and individual exhaust the standard design will have central supply and individual exhaust.

6.9.6.4 Ventilation Source

The dwelling unit and common area thermal zone ventilation source may be forced, through fans. For
common areas with no space conditioning system, the ventilation source may be natural through
operable openings.

PROPOSED DESIGN

The source of ventilation for a thermal zone is based on the proposed design and is natural, forced, or
none.

STANDARD DESIGN

For residential units the standard design ventilation system is forced air.
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6.9.6.5 IAQ System Fan Efficacy
PROPOSED DESIGN

All individual systems serving multifamily dwelling units must meet IAQ system fan efficacies based on
the following conditions:

Systems with supply ducts (balanced and supply-only) are simulated with increased fan wattage to
account for maintenance and installation factors affecting system efficacy. For these systems, fan wattage
is increased by a factor of 1.10 (10 percent increase in wattage). For IAQ systems with fault indicator
displays (FID) meeting the specifications in_Reference Appendices, Joint Appendix JA17-Seetien-6:9:6-12-
09504 these factors don’t apply.

Systems with heat or energy recovery serving a single dwelling unit shall have a fan efficacy of <1.0
W/cfm in accordance with Section 160.2(b)2.A.iv.b.1.

STANDARD DESIGN

Table 454444434038: Individual IAQ System Standard Design Fan Efficacy

Climate Zone Exhaustor Balanced without Heat Balanced with
Supply Only Recover Heat ¥Recovery
1,-2,4and 11 0.35 W/cfm N/A 0.6 W/cfm

through 14, and -16

5 through4- 10, and | 0.35 W/cfm 0.7 W/cfm N/A
15 (4+ steriesfloors)

5 through 4- 10, and | 0.35 W/cfm 0.4 W/cfm N/A
15 (<4 steriesfloors)

3 0.35 W/cfm 0.7 W/cfm N/A

Source: California Energy Commission

Individual IAQ standard design fan efficacy equals the value in Table 4535
based on the proposed system design and climate zone.

Table 464545444139: Central IAQ System Standard Design Fan Efficacy Limits

Type <5,000 cfm >5,000 and >10,000 cfm
<10,000 cfm
Supply-Only 0.441 W/cfm 0.476 W/cfm 0.450 W/cfm
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Central Supply + 0.791 W/cfm 0.826 W/cfm 0.800 W/cfm
Individual Exhaust

Individual Supply + 0.652 W/cfm 0.636 W/cfm 0.631 W/cfm
Central Exhaust

Central Supply + 0.743 W/cfm 0.762 W/cfm 0.731 W/cfm
Central Exhaust

Central Supply + 1.098 W/cfm 1.069 W/cfm 1.005 W/cfm
Central Exhaust + Heat
Recovery

Source: California Energy Commission

Central IAQ standard design fan efficacy equals proposed or the limit from Table 46¥sble-45Fable39
whichever is lower.

f-Fem- able 45 Ind|V|duaI IAQ sttem Standard De5|gn Fan Ef'ﬁcacx ak
g } able 45 Individual IAQ System Standard De5|gn Fan Efﬁcac;@kﬂ%&

6.9.6.6 Heat/Energy Recovery

Heat/Energy recovery can be specified using recovery effectiveness or adjusted sensible recovery
efficiency (ASRE) and sensible recovery efficiency (SRE). For larger AHRI rated equipment, inputs are
covered in Section 5.7.7 Heat Recovery.

Proposed Design

Systems serving individual dwelling units with supply ducts (balanced and supply-only) are simulated
with reduced recovery efficiency (SRE and ASRE or recovery effectiveness) to account for maintenance
and installation factors affecting system efficacy. For these systems, recovery efficiency is reduced by a
factor of 0.90 (10 percent decrease in recovery efficiency). For IAQ systems with an FID meeting the
specifications in_Reference Appendices, Joint Appendix JA17,

AQ System-FaultIndicator Display-these factors don’t apply.

STANDARD DESIGN

If the proposed design is a balanced central system, both central supply and central exhaust systems
serving multiple dwelling units, in Climate Zones 1, 2, 4, e+11-16 through 14, or 16, in a building with
four or more habitable steriesfloors, the standard design is a heat recovery ventilation system with a
sensible recovery effectiveness of 67% in both heating and cooling modes and includes recovery bypass
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to directly economize with ventilation air based on the outdoor air temperature limits specified in Table
170.2-G.

If the proposed design is a balanced system serving individual dwelling units in Climate Zones 1, 2, 4, 11
through 14, or ard-11-16, the standard design is a heat recovery ventilation system with a sensible
recovery effectiveness of 67% percent in both heating and cooling modes.

6.9.6.7 Exhaust Air Sensible Heat Recovery Effectiveness

The effectiveness of an air-to-air heat exchanger between the building exhaust and entering outside air
streams is defined as:

EEAg, — ELAg,
EEAg, — OSAg,

HREFF =

Where:

HREFF - The air-to-air heat exchanger effectiveness

EEA ;, - The exhaust air dry-bulb temperature entering the heat exchanger
ELA,, - The exhaust air dry-bulb temperature leaving the heat exchanger
OSA,p, - The outside air dry-bulb temperature

This results in two unitless numbers (ratio between 0 and 1), separate for cooling and heating, and is
based on the proposed design.

6.9.6.8 Exhaust Air Sensible Part-Load Effectiveness
The effectiveness of an air-to-air heat exchanger between the building exhaust and entering outside air
streams at 75 percent of design airflow is defined as:

EEAy, — ELAy,
EEAgp — USAgp

HREFF =

Where:

e HREFF - The air-to-air heat exchanger effectiveness

o EEA,, - The exhaust air dry-bulb temperature entering the heat exchanger
e ELA,, - The exhaust air dry-bulb temperature leaving the heat exchanger
e 0SA,y - The outside air dry-bulb temperature

This results in two unitless numbers (ratio between 0 and 1), separate for cooling and heating, and is
based on the proposed design.

6.9.6.9 Economizer Enabled during Heat Recovery

All systems with airside heat recovery must identify if the economizer is enabled during heat recovery.

PROPOSED DESIGN
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Indication of whether the economizer is enabled when heat recovery is active is based on the proposed
design.

STANDARD DESIGN

The economizer is disabled if using balance system serving multiple dwelling units in Climate Zones 1, 2,
4, 11 through 14, or anrd-11-16. Not applicable for Climate Zones 3, 5 through -10, and 15.

For existing buildings, the economizer is disabled if using a balanced system serving multiple dwelling
units in Climate Zones 1, 2, 4, 11 through 14, or ard-33-16. Not applicable for Climate Zones 3, 5 through
-10, and 15.

6.9.6.10 Recovery Type

Systems with airside heat recovery not using ASRE and SRE must identify the heat recovery system type.
The type of heat recovery system is identified as sensible, latent, or total (sensible and latent).

6.9.6.11 Tempering Coils
Proposed Design

The proposed design may have tempering coils.
Standard Design

The standard design does not include tempering coils.

6.9.6.12 IAQ System Fault Indicator Display

All iaehisa balanced and supply ventilation systems with-a-supply-fanserviciaged from inside the
attic or havewith an HRV/ERV must specify if the system includes an FID that meets the fellowing
requirements_in Reference Appendices, Joint Appendix JA17, Qualification Requirements for Indoor Air

Quality System Fault Indicator Displays.
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Proposed Design
Selection is based on the proposed design.

Standard Design

The standard design assumes an FID system meeting the abeve-requirements_of Reference Appendices,
Joint Appendix JA17.
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6.10Cenditiened-Zones

The compliance software requires the user to enter the characteristics of one or more eenditioned
zones. Subdividing dwelling units into eenditiened-zones for input convenience or increased accuracy is
optional.

6.10.1 Zone Type

PROPOSED DESIGN

The zone is defined as directly conditioned e+indirectly conditioned, or versus-unconditioned=FHses and

is furtherfuether distinguishediag asbetweens dwelling unit, common_use space, attic, anrd-or crawl
spaces.

STANDARD DESIGN
The standard design is eenditionedthe same as proposed.

6.10.2 Space Function

PROPOSED DESIGN
The compliance software requires the user to select the space type that most appropriately matches one
of the area category occupancy types from Appendix 5.4A.

STANDARD DESIGN
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The standard design space function is the same as the proposed design and sets the baseline for various
other categories such as number of occupants, ventilation rates, and lighting power allowances.

VERIFICATION AND REPORTING
No special verification or reporting.

6.10.3 Conditioned-Floor Area

The total eenditiened-floor area {€FA}is the raised floor as well as the slab-on-grade floor area of the
conditioned-spaces measured from the exterior surface of exterior walls. Stairs are included in
conditioned-floor area as the area beneath the stairs and the tread of the stairs.

PROPOSED DESIGN
The compliance software requires the user to enter the total cenditiened-floor area of each cenditioned
zone.

STANDARD DESIGN
The standard design building has the same eenditioned-floor area and same eenditiened-zones as the
proposed design.

VERIFICATION AND REPORTING
The eonditioned-floor area of each eenditioned-zone is reported on the EMEC-er-NREECertificate of
Compliance.

6.10.4 Number of SteriesFloors
6.10.4.1 Number of SteriesFloors of the Zone

PROPOSED DESIGN
The number of steriesfloors of the zone, integer value greater than 0.

STANDARD DESIGN
The standard design is the same as the proposed design.

6.10.4.2 Ceiling Height

PROPOSED DESIGN

The average ceiling height of the proposed design is the conditioned volume of the building envelope.
The volume (in cubic feet) is determined from the total conditioned floor area and the average ceiling
height.

STANDARD DESIGN
The volume of the standard design building is the same as the proposed design.

VERIFICATION AND REPORTING
The conditioned volume of each zone is reported on the tMEC-e+NRECCertificate of Compliance.
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6.10.4.3 Free Ventilation Area

Free ventilation area is the window area adjusted to account for bug screens, window framing and
dividers, and other factors.

PROPOSED DESIGN
Free ventilation area for the proposed design is calculated as 5-10 percent of the fenestration area
(rough opening), assuming all windows are operable.

STANDARD DESIGN
The standard design value for free ventilation area is the same as the proposed design.

VERIFICATION AND REPORTING
Free ventilation is not reported on the EMEC-e~NREECertificate of Compliance.

6.10.4.4 Ventilation Height Difference
Ventilation height difference is not a user input.

PROPOSED DESIGN

The default assumption for the proposed design is 2 feet for one-steryfloor buildings or one-steryfloor
dwelling units and 8 feet for two or more steriesfloors (as derived from number of steriesfloors and
other zone details).

STANDARD DESIGN
The standard design modeling assumption for the elevation difference between the inlet and the outlet
is 2 feet for one-steryfloor dwelling units and 8 feet for two or more steriesfloors.

6.10.4.5 Zone Elevations

The elevation of the top and bottom of each zone is required to set up the airflow network.

PROPOSED DESIGN

The user enters the height of the top surface the lowest floor of the zone relative to the ground outside
as the “bottom” of the zone. The user also enters the ceiling height (the floor-to-floor height [ceiling
height plus the thickness of the intermediate floor structure] is calculated by the compliance software).

Underground zones are indicated with the number of feet below grade (e.g., -8).

STANDARD DESIGN
The standard design has the same vertical zone dimensions as the proposed design.
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6.10.4.12 NaturalCooling Ventilation
NaturalCooling ventilation (from windows) is available in dwelling units and residential common areas

with windows-during-coolingmede when needed and avallable—as—shewn—m—'FabLe%é Spaces shall be
zoned by orientation and exposure as shown in g

compartment walls.- As shown in the example, multiple zones do not cross the corridor. In zones with
windows on oneZ or twoz2 sides only, the Natural Ventilation Wind Pressure of each window shall be
multiplied by-by the relevant Wind Pressure Coefficient in Table 48:. IabIe—X—Wmd Pressure
CoefficientsTak : : 5 d :

lack of cross ventilation.

to reflect the

Figure 1134: Example Floor Plan

s o
F2 NW F2 N F2 N] F2 NE
Two-bedroom 1054 my:"f;;‘“ "’"’:z":;“"'" Three-bedroom 1410 ft2 r 57“"’_'__3"‘“ b datmen 1000 alhe
2
Corndor
F2 SW F2 S F2 SE
oo w,_‘:‘“ 1054 mrm;xw c_w::t«;o—- PP &rm:}m 57..»:1-:‘ 540 Fwo bedroom 1,054 fi2fha
3 BL] 24 a7 [ 18 3

Table 4846464542 Table X Wind Pressure Coefficients

Exposures Coefficient
1 0.25
2 0.5
3or4 1.0

The amount of natural ventilation used by computer compliance software for natural cooling is the lesser
of the maximum potential amount available and the amount needed to drive the interior zone
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temperature down to the natural cooling setpoint. When natural cooling is not needed or is unavailable,
no natural ventilation is used.

Computer compliance software shall assume that natural cooling is needed when the building is in
“cooling mode,” when the outside temperature is below the estimated zone temperature, and when the
estimated zone temperature is above the natural cooling setpoint temperature. Only the amount of
ventilation required to reduce the zone temperature to the natural ventilation setpoint temperature is
used, and the natural ventilation setpoint temperature is constrained by the compliance software to be
greater than the heating setpoint temperature.
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Table 49424746434%: Hourly Thermostat Setp Points

Hour Cooling Venting Heat Standard Zonal Zonal
Pump Gas Control Control
Heating Heating Gas Gas
Single- Heating Heating
Zone Living Sleeping
1 78 Off 68 65 65 65
2 78 Off 68 65 65 65
3 78 Off 68 65 65 65
4 78 Off 68 65 65 65
5 78 Off 68 65 65 65
6 78 68* 68 65 65 65
7 78 68 68 65 65 65
8 78 68 68 68 68 68
9 78 68 68 68 68 68
10 78 68 68 68 68 65
11 78 68 68 68 68 65
12 78 68 68 68 68 65
13 78 68 68 68 68 65
14 78 68 68 68 68 65
15 78 68 68 68 68 65
16 78 68 68 68 68 65
17 78 68 68 68 68 68
18 78 68 68 68 68 68
19 78 68 68 68 68 68
20 78 68 68 68 68 68
21 78 68 68 68 68 68
22 78 68 68 68 68 68
23 78 68 68 68 68 68
24 78 Off 68 65 65 65

*Venting starts in the hour the sun comes up.

Source: California Energy Commission
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6.10.5 Conditioned Zone Assumptions
6.10.5.1 Internal Thermal Mass

Internal mass objects are completely inside a zone so that they do not participate directly in heat flows
to other zones or outside. They are connected to the zone radiantly and convectively and participate in
the zone energy balance by passively storing and releasing heat as conditions change.

conditioned zone thermal mass objects and the calculation of the simulation inputs that represent them.

Table 504848474442: Conditioned Zone Thermal Mass Objects

Item Description Simulation Object
Interior walls = The area of one side of the walls completely inside the Wall exposed to the zone on
conditioned zone is calculated as the conditioned floor both sides

area of the zone minus % of the area of interior walls

adjacent to other conditioned zones. The interior wall is

modeled as a construction with 25 percent 2x4 wood

framing and sheetrock on both sides.
Interior The area of floors completely inside the conditioned Floor/ceiling surface exposed
floors zone is calculated as the difference between the CFA of to the zone on both sides

the zone and the sum of the areas of zone exterior floors

and interior floors over other zones. Interior floors are

modeled as a surface inside the zone with a construction

of carpet, wood decking, 2x12 framing at 16 in. on-

center with miscellaneous bridging, electrical, and

plumbing, and a sheetrock ceiling below.

Furniture and Contents of the conditioned zone with significant heat Horizontal wood slab exposed
heavy storage capacity and delayed thermal response, for to the zone on both sides
contents example heavy furniture, bottled drinks, canned goods,

contents of dressers, enclosed cabinets. These are

represented by a 2 in. thick slab of wood twice as large

as the conditioned floor area, exposed to the room on

both sides.
Light and Contents of the conditioned zone that have a large Air heat capacity (Cair) = CFA * 2
thin contents | surface area compared to weight, for example, clothing

on hangers, curtains, pots, and pans. These are assumed

to be 2 Btu per square foot of conditioned floor area.

Source: California Energy Commission

PROPOSED DESIGN
The proposed design has standard conditioned zone thermal mass objects (such as gypsum board in
walls, cabinets, sinks, and tubs) that are not user-editable and are not a compliance variable. If the

396



20252 ACM Reference Manual Conditioned Zones

proposed design includes specific interior thermal mass elements that are significantly different from
what is included in typical wood-frame production housing, such as masonry partition walls, the user
may include them. See also Chapter 6.10.76-4 Exterior Thermal Mass.

STANDARD DESIGN
The standard design has standard conditioned zone thermal mass objects.

6.10.5.2 Thermostats and Schedules

heatlng appIy to the standard design run and are the default for the proposed design run. See the
explanation later in this chapter regarding the values for zonal control.

Heat pumps equipped with supplementary electric resistance heating are assumed to meet mandatory
control requirements specified in §Section 110.2(b) and (c).

Systems with no setback required by §Section 110.2(c) (gravity gas wall heaters, gravity floor heaters,
gravity room heaters, noncentral electric heaters, fireplaces or decorative gas appliances, wood stoves,
room air-conditioners, and room air-conditioner heat pumps) are assumed to have a constant heating
set point of 68 degrees Fahrenheit. The cooImg set point from Table 49: Hourly Thermostat Setp
: : i is assumed

in both the proposed design and standard deS|gn

PROPOSED DESIGN
The proposed design assumes a mandatory setback thermostat meeting the requirements of §Section

110.2(c). Systems exemptfrom-thethat are not required to have reguirementfora setback thermostat

are assumed to have no setback capabilities.

STANDARD DESIGN

The standard design has setback thermostat conditions based on the mandatory requirement for a
setback thermostat. For equipment exempt-that is not required to meet frem-the setback thermostat
requirement, the standard design has no setback thermostat capabilities.

6.10.5.3 Determining Heating Mode vs. Cooling Mode

When the building is in the heating mode, the heatlng setpoints for each hour are set to the “heating”

3 5 , the cooling setpoint is a constant 78 degrees Fahrenheit (°F), and the
ventilation setpoint is set to a constant 77°F. When the building is in the cooling mode, the heating
setpoint is a constant 60°F, and the cooling and ventmg setpomts are set to the values in Table 49: Hourly

The mode depends upon the outdoor temperature averaged over hours 1 through 24 of eight days prior
to the current day through two days prior to the current day. (For example, if the current day is June 21,
the mode is based on the average temperature for June 13 through 20.) When this running average
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temperature is equal to or less than 60°F, the building is in a heating mode. When the running average is
greater than 60°F, the building is in a cooling mode.

6.10.6 Internal Gains

Internal gains assumptions are included in Appendix E and consistent with the CASE report on plug loads
and lighting (Rubin 2016, see Appendix F). The internal gains assumptions for the standard design
building is the same as the proposed design.

6.10.7 Exterior Surfaces

The user enters exterior surfaces to define the envelope of the proposed design. The areas, construction
assemblies, orientations, and tilts modeled are consistent with the actual building design and shall equal
the overall roof/ceiling area with conditioned space on the inside and unconditioned space on the other
side.

6.10.7.1 Ceilings Below Attics

Ceilings below attics are horizontal surfaces between conditioned zones and attics. The area of the attic
floor is determined by the total area of ceilings below attics defined in conditioned zones.

PROPOSED DESIGN

The compliance software allows the user to define ceilings below attic, enter the area, and select a
construction assembly for each.

STANDARD DESIGN

The standard design for newly constructed buildings has the same ceiling below attic area as the
proposed design. The standard design is a high-perfermance-attie-with-a ceiling constructed with 2x4
framed trusses, -and insulated at the ceiling and below roof deck with the R-values specified in §Section
170.2(a)1Bii and Table 170.2-A, Option B -for the applicable climate zone. A radiant barrier and CRRC
cool roof are also specified in Table 170.2-A for specific climate zones. The roof surface is a 10 |bs/ft? tile

roof with an air space when the proposed roof is steep slope or a lightweight roof when the proposed
roof is low slope.

VERIFICATION AND REPORTING

Ceiling below attic area and constructions are reported on the EMEEC-e+~NREECertificate of Compliance.
SIP assemblies are reported as a special feature on the EMEC-e+NRECCertificate of Compliance.

6.10.7.2 Non-Attic (Cathedral) Ceiling and Roof

Non-attic ceilings, also known as cathedral ceilings, are surfaces with roofing on the outside and finished
ceiling on the inside but without an attic space.

PROPOSED DESIGN

398



20252 ACM Reference Manual Conditioned Zones

The compliance software allows the user to define cathedral ceilings, enter the area, and select a
construction assembly for each. The user also enters the roof characteristics of the surface.

STANDARD DESIGN
The standard design has the same area as the proposed design cathedral ceiling modeled as-ceiling
belew-athic-with the features from §Section 170.2 and Table 170.2-A or for the applicable climate zone.

the—p%epesed—desrgn—The standard deslgn roof and cellmg surfaces are modeled with the same
construction assembly and characteristics, aged reflectance, and emittance as §Section 170.2, Table
170.2-A for the applicable climate zone.

VERIFICATION AND REPORTING
Non-attic ceiling/roof area and constructions are reported on the EMCCCertificate of Compliance. SIP
assemblies are reported as a special feature on the EMEECertificate of Compliance.

6.10.7.3 Exterior Walls

PROPOSED DESIGN

The compliance software allows the user to define walls, enter the gross area, and select a construction
assembly for each. The user also enters the plan orientation (front, left, back, or right) or plan azimuth
(value relative to the front, which is represented as zero degrees) and tilt of the wall.

The wall areas modeled are consistent with the actual building design, and the total wall area is equal to
the gross wall area with conditioned space on the inside and unconditioned space or exterior conditions
on the other side. Underground mass walls are defined with inside and outside insulation and the
number of feet below grade. Walls agiaeentteseparating conditioned from unconditioned spaces, which
have=with no solar gains, {such-asknee-walls-orgarage-walls} are entered as an interior wall with the
zone on the other side specified as attie,garageeranotheran unconditioned zone, and the compliance

manager-software treats that wall as a demising wall. Ar-attached-unconditioned-space-ismodeled-asan
uneconditionedzone:

STANDARD DESIGN

The standard design building has high-performance walls modeled with the same area of framed walls as
is in the proposed design separating conditioned space and the exterior, with a U-factor equivalent to
that as specified in §Section 170.2 and Table 170.2-A for the applicable climate zone, wall assembly type,
and required fire rating.

The total gross exterior wall area in the standard design is equal to the total gross exterior wall area of
the proposed design for each wall type and for each orientation. Window and door areas are subtracted
from the gross wall area to determine the net wall area in each orientation.

VERIFICATION AND REPORTING
Exterior wall area and construction details are reported on the EMEECertificate of Compliance. Metal-
framed and SIP assemblies are reported as a special feature on the EMEECertificate of Compliance.
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6.10.7.4 Exterior Thermal Mass

Constructions for standard exterior mass are supported but not implemented beyond the assumptions
for typical mass.

The performance approach assumes that both the proposed design and standard design building have a
minimum mass as a function of the conditioned area of slab floor and non-slab-floor. (See Chapter
6.10.54-1 Internal Thermal Mass.)

Mass such as concrete slab floors, masonry walls, double gypsum board, and other special mass
elements can be modeled. When the proposed design has more than the typical assumptions for mass in
a building, then each element of heavy mass is modeled in the proposed design, otherwise; the
proposed design is modeled with the same thermal mass as the standard design.

PROPOSED DESIGN

The proposed design may be modeled with the default 20 percent exposed mass/80 percent covered
mass or with actual mass areas modeled as separate covered and exposed mass surfaces. Exposed mass
surfaces covered with flooring material that is in direct contact with the slab can be modeled as exposed
mass. Examples of such materials are tile, stone, vinyl, linoleum, and hardwood.

STANDARD DESIGN

The conditioned slab floor in the standard design is assumed to be 20 percent exposed slab and 80
percent slab covered by carpet or casework. Interior mass assumptions as described in Chapter 6.10.54-1
Internal Thermal Mass are also assumed. No other mass elements are modeled in the standard design.
The standard design mass is modeled with the following characteristics:

The conditioned slab floor area (slab area) shall have a thickness of 3.5 inches, a volumetric heat
capacity of 28 Btu/ft3-° F, and a conductivity of 0.98 Btu-in/hr-ft>-° F. The exposed portion shall
have a surface conductance of 1.3 Btu/h-ft>-° F (no thermal resistance on the surface), and the
covered portion shall have a surface conductance of 0.50 Btu/h-ft>-° F, typical of a carpet and
pad.

The “exposed” portion of the conditioned non-slab floor area shall have a thickness of 2.0 inches,
a volumetric heat capacity of 28 Btu/ft>-° F, a conductivity of 0.98 Btu-in/hr- ft>-°F; and a surface
conductance of 1.3 Btu/h- ft>-° F (no added thermal resistance on the surface). These thermal
mass properties apply to the “exposed” portion of non-slab floors for both the proposed design
and standard design. The covered portion of non-slab floors is assumed to have no thermal mass.

VERIFICATION AND REPORTING

Exposed mass greater than 20 percent exposed slab on grade, and any other mass modeled by the user
is reported as a special feature on the EMEECertificate of Compliance.

6.10.7.5 Opaque Doors

Doors are defined as an opening in a building envelope. If the rough opening of a door includes
fenestration equal to 25 percent or more of glass or fenestration, it is fenestration. (See Chapter
6.10.76-6 Fenestration.) Doors with less than 25 percent fenestration are considered an opaque door.

PROPOSED DESIGN
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The compliance software shall allow users to enter doors specifying the U-factor, area, and orientation.
Doors to the exterior or to unconditioned zones are modeled as part of the conditioned zone. For doors
with less than 25 percent glass area, the U-factor shall come from Reference Appendices, Joint Appendix
JA4, Table 4.5.1 (default U-factor 0.20) or from National Fenestration Rating Council (NFRC) certification
data for the entire door. For unrated doors, the glass area of the door, calculated as the sum of all glass
surfaces plus 2 inches on all sides of the glass (to account for a frame), is modeled under the rules for
fenestrations; the opaque area of the door is considered the total door area minus this calculated glass
area. Doors with 25 percent or more glass area are modeled under the rules for fenestrations using the
total area of the door.

When modeling a garage zone, large garage doors (metal roll-up or wood) are modeled with a 1.0 U-
factor.

STANDARD DESIGN

The standard design has the same door area for each dwelling unit as the proposed design. The U-factor
for the standard design is taken from §Section 170.2 and Table 170.2-A. All swinging opaque doors are
assumed to have a U-factor of 0.20. The net opaque wall area is reduced by the door area in the
standard design.

VERIFICATION AND REPORTING
Door area and U-factor are reported on the EMEECertificate of Compliance.

6.10.7.6 Fenestration

Fenestration is modeled with a U-factor-and-, solar heat gain coefficient (SHGC), and visible
transmittance (VT). Acceptable sources of these values are National Fenestration Rating Council (NFRC),
default tables from &Section 110.6 of the Energy Code, and Reference Appendices, Nonresidential
Appendix NA6.

In limited cases for certain site-built fenestration that is field fabricated, the performance factors (U-
factor, SHGC) may come from Reference Appendices, Nonresidential Appendix NA6 as described in
Exception 3 to §Section 170.2(a)3Aii.

There is no detailed model of chromogenic fenestration available. As allowed by Exception 2 to §Section
170.2(a)3Aii, the lower-rated labeled U-factor and SHGC may be used only when installed with automatic
controls as noted in the exception. Chromogenic fenestration cannot be averaged with nonchromogenic
fenestration.

PROPOSED DESIGN
The compliance software allows users to enter individual skylights and fenestration types, the U-factor,
SHGC, VT, area, orientation, and tilt.

Performance datum (U-factors-and-, SHGC, and VT) are from NFRC values or from the CEC default tables

from §Section 110.6 of the Energy Code. in-spaces-otherthan-sunspaces; Ssolar gains from windows or
skylights use the California Simulation Engine (CSE) default solar gain targeting or similar calculation
method approved by the Energy Commission.

Skylights are a fenestration with a slope of 60 degrees or more. Skylights are modeled as part of a roof.
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STANDARD DESIGN

If the proposed design fenestration area is less than 20 percent of the conditioned floor area, and less
than 40 percent of the exterior wall area, the standard design fenestration area is set equal to the
proposed design fenestration area perfor each orientation- Otherwise, the standard design fenestration
area is set equal to 20 percent of the conditioned floor area, or 40 percent of the exterior wall area,
whichever is smaller, and the area is proportionally distributed for each perorientation to match the

proposed fenestration distribution-

The standard design has no skylights.

The net wall area on each orientation is reduced by the fenestration area and door area on each facade.

The U-factor, -anrd-SHGC, and VT performance factors for the standard design are taken from §Section
170.2 and Table 170.2-A. In cases where the SHGC is “NR” the standard design is equal to 0.35.}r-cases

" ”

Verification and Reporting

Fenestration area, U-factor, SHGC, VT, and orientation, ard-tilt are reported on the EMEECertificate of

Compliance. SHGC is reported on the Certificate of Compliance as an allowable maximum and minimum
for each window calculated as the SHGC entered by the user plus or minus 0.01.

6.10.7.7 Overhangs and Sidefins

PROPOSED DESIGN

Compliance software users enter a set of basic parameters for a description of an overhang and sidefin
for each individual fenestration or window area entry. The basic parameters include fenestration height,
overhang/sidefin length, and overhang/sidefin height. Compliance software user entries for overhangs
may also include fenestration width, overhang left extension, and overhang right extension. Compliance

software user entries for sidefins may also include fin left extension and fin right extension for both left
and right fins. Walls at right angles to windows may be modeled as sidefins.

Figure 1215151514: Overhang Dimensions
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Source: California Energy Commission
Figure 1316161615: Sidefin Dimensions
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STANDARD DESIGN

The standard design does not have overhangs or sidefins.

VERIFICATION AND REPORTING
Overhang and fin dimensions are reported on the LMEC-erNRECCertificate of Compliance.

6.10.7.8 Interior Shading Devices

For both the proposed and standard design, all windows are assumed to have draperies, and skylights
are assumed to have no interior shading. Window medium drapes are closed at night and half open in
the daytime hours. Interior shading is not a compliance variable and is not user-editable.

6.10.7.9 Exterior Shading

For both the proposed and standard design, all windows are assumed to have bug screens, and skylights
are assumed to have no exterior shading. Exterior shading is modeled as an additional glazing system
layer using the ASHRAE Window Attachment (ASHWAT) calculation or approved method showing
minimum energy equivalency.

PROPOSED DESIGN

The compliance software shall require the user to accept the default exterior shading devices, which are
bug screens for windows and none for skylights. Credit for shading devices that are allowable for
prescriptive compliance are not allowable in performance compliance.

STANDARD DESIGN

The standard design shall assume bug screens. The standard design does not have skylights.
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6.10.7.10 Slab on Grade Floors
PROPOSED DESIGN

The compliance software allows users to enter areas and exterior perimeter of slabs that are heated or
unheated, covered, or exposed, and with or without slab-edge insulation. Perimeter is the length of wall
between conditioned space and the exterior, but it does not include edges that cannot be insulated,
such as between the house and the garage. The default condition for the proposed design is that 80
percent of each slab area is carpeted or covered by walls and cabinets, and 20 percent is exposed. Inputs
other than the default condition require that carpet and exposed slab conditions are documented on the
construction plans.

When the proposed heating distribution is radiant floor heating (heated slab), the compliance software
user will identify that the slab is heated and model the proposed slab edge insulation. The mandatory
minimum requirement is R-5 insulation in Climate Zones 1-15 and R-10 in Climate Zone 16 (§Section
110.8[g], Table 110.8-A).

STANDARD DESIGN

The standard design perimeter lengths and slab on grade areas are the same as the proposed design. 80
percent of standard design slab area is carpeted, and 20 percent is exposed. For the standard design, an
unheated slab edge has no insulation with the exception of Climate Zone 16, which assumes R-7 to a
depth of 16 inches. The standard design for a heated slab is a heated slab with the mandatory slab edge
insulation of R-5 in Climate Zones 1-15 and R-10 in Climate Zone 16.

VERIFICATION AND REPORTING
Slab areas, perimeter lengths, and inputs of other than the default condition are reported on the EM€EE
er-NRECCertificate of Compliance.

6.10.7.11 Underground Floors
PROPOSED DESIGN

The compliance software allows users to enter areas and depth below grade of slab floors occurring
below grade. Unlike slab-on-grade floors, there is no perimeter length associated with underground
floors.

STANDARD DESIGN
The standard design underground floor areas are the same as the proposed design.
6.10.7.12 Raised Floors

PROPOSED DESIGN

The compliance software allows the user to input floor areas and constructions for raised floors over a
crawl space, over exterior (garage or unconditioned), and concrete raised floors. The proposed floor area
and constructions are consistent with the actual building design.

STANDARD DESIGN
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The standard design has the same area and type of construction as the proposed design. The thermal
characteristics meet §Section 170.2 and Table 170.2-A. For floor areas that are framed construction, the
standard design floor has R-19 in 2x6 wood framing, 16-in. on center (0.037 U-factor). For floor areas
that are concrete raised floors, the standard design floor is 6 inches of normal weight concrete with R-8
continuous insulation in Climate Zones 1, 2, 11, 13, 14, 16; Climate Zones 12 and 15 have R-4; Climate
Zones 3-10 have R-0.

VERIFICATION AND REPORTING
Raised floor areas and constructions are reported on the EMEC-orNRECC ertificate of Compliance.

6.11Attics

The compliance software models attics as a separate thermal zone and includes the interaction with the
air distribution ducts, infiltration exchange between the attic and the house, the solar gains on the roof
deck, and other factors. These interactions are illustrated in Figure 14: Attic Model ComponentsEigure

Figure 143717#1716: Attic Model Components
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6.11.1 Attic Components
6.11.1.1 Roof Rise

The roof rise is the ratio of rise to run (or pitch) and refers to the number of feet the roof rises vertically
for every 12 feet horizontally. For roofs with multiple pitches, the roof rise that makes up the largest roof
area is used.
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6.11.1.2 Vent Area

This value is the vent area as a fraction of attic floor area. This value is not a compliance variable and is
assumed set equal to attic floor area divided by 300.

6.11.1.3 Fraction High

The fraction of the vent area that is high due to the presence of ridge, roof, or gable end-mounted vents.
Soffit vents are considered low ventilation. The default value is zero for attics with standard ventilation.
Attics with radiant barriers are required to have a vent high fraction of at least 0.3.

6.11.1.4 Roof Deck/Surface Construction

Typical roof construction types are concrete or clay tile, metal tile, gravel, ballast, or other steep- or low-
sloped roofing types.

6.11.1.5 Solar Reflectance

This input is a fraction that specifies the certified aged reflectance of the roofing material or 0.1 default
value for uncertified materials. The installed value must be equal to or higher than the value specified in
the proposed model. Roof construction with a roof membrane mass of at least 25 Ibs/ft?, or a roof area
that has integrated solar collectors, is assumed to meet the minimum solar reflectance.

6.11.1.6 Thermal Emittance

Thermal emittance is the certified aged thermal emittance (or emissivity) of the roofing material, or a
default value. Unless a default value is modeled, the installed value must be equal to or greater than the
value modeled. The default value is 0.85 if certified aged thermal emittance value is not available from
the Cool Roof Rating Council (CRRC), www.coolroofs.org. Roof construction with a roof membrane mass
of at least 25 Ibs/ft? or roof area incorporated integrated solar collectors is assumed to meet the
minimal, default, thermal emittance.

PROPOSED DESIGN
The conditioning is either ventilated or unventilated. Each characteristic of the roof is modeled to reflect

the proposed construction. Values for solar reflectance and thermal emittance shall be default or from
the CRRC.

Roofs with solar collectors or with thermal mass over the roof membrane with a weight of at least 25
Ibs/ft2 may model the prescriptive values for solar reflectance and thermal emittance.

STANDARD DESIGN

The standard design depends on the variables of the climate zone and roof slope. Low-sloped roofs (with
a roof rise of 2 feet in 12 or less) in Climate Zones 13 and 15 will have a standard design aged solar
reflectance of 0.63 and a thermal emittance of 0.85.

Steep-sloped roofs in Climate Zones 10-15 will have a standard design roof with an aged solar reflectance
of 0.20 and a minimum thermal emittance of 0.85.

Roofs with solar collectors or with thermal mass over the roof membrane with a weight of at least 25
Ibs/ft? are assumed to meet the standard design values for solar reflectance and thermal emittance.

VERIFICATION AND REPORTING
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A reflectance of 0.20 or higher is reported as a cool roof. A value higher than the default but less than
0.20 is reported as a non-standard roof reflectance value.

6.11.2 Ceiling Below Attic

PROPOSED DESIGN

For each conditioned zone, the user enters the area and construction of each ceiling surface that is
below an attic space. The compliance software shall allow a user to enter multiple ceiling constructions.
Surfaces that tilt 60 degrees or more are treated as knee walls and are not included as ceilings. The sum
of areas shall equal the overall ceiling area with conditioned space on the inside and unconditioned attic
space on the other side.

The compliance software creates an attic zone with a floor area equal to the sum of the areas of all the
user input ceilings below an attic in the building. The user specifies the framing and spacing, the
materials of the frame path, and the R-value of the insulation path for each ceiling construction.

The user inputs the proposed insulation R-value rounded to the nearest whole R-value. For simulation,
all ceiling below attic insulation is assumed to have nominal properties of R-2.6 per inch, a density of 0.5
Ib/ft3, and a specific heat of 0.2 Btu/Ib.

STANDARD DESIGN

The standard design shall have the same area of ceiling below attic as the proposed design. The
ceiling/framing construction is based on the prescriptive requirement and standard framing is assumed
to be 2x4 wood trusses at 24 inches on center.

VERIFICATION AND REPORTING
The area, insulation R-value, and layer of each construction are reported on the EMEEC-erNREE ertificate
of Compliance.

6.11.3 Attic Roof Surface and Pitch

PROPOSED DESIGN
The roof pitch is the ratio of rise to run, (for example, 4:12 or 5:12). If the proposed design has more
than one roof pitch, the pitch of the largest area is used.

The compliance software creates an attic zone roof. The roof area is calculated as the ceiling below attic
area divided by the cosine of the roof slope where the roof slope is an angle in degrees from the
horizontal. The roof area is then divided into four equal sections with each section sloping in one of the
cardinal directions (north, east, south, and west). Gable walls, dormers, or other exterior vertical
surfaces that enclose the attic are ignored.

If the user specifies a roof with a pitch less than 2:12, the compliance software creates an attic with a flat
roof that is 30 inches above the ceiling.

STANDARD DESIGN
The standard design shall have the same roof pitch, roof surface area, and orientations as the proposed
design.
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VERIFICATION AND REPORTING
The roof pitch is reported on the EMEC-e+NRECCertificate of Compliance.

6.11.4 Attic Conditioning

Attics may be ventilated or unventilated. Insulation in a ventilated attic must be installed at the ceiling
level. Unventilated attics usually have insulation at the roof deck and sometimes on the ceiling (§Section
160.1[a]).

In an unventilated attic, the roof system becomes part of the insulated building enclosure. Local building
jurisdictions may impose additional requirements.

PROPOSED DESIGN
A conventional attic is modeled as ventilated. When an attic will not be vented, attic conditioning is
modeled as unventilated.

STANDARD DESIGN
Attic ventilation is set to ventilated for the standard design.

VERIFICATION AND REPORTING
The attic conditioning (ventilated or unventilated) is reported on the EMEC-o-NREECertificate of
Compliance.

6.11.5 Attic Edge

With a standard roof truss (Fi

: are-Truss), the depth of the cellmg |nsulat|on is restrlcted to the space Ieft between the
roof deck and the wall top plate for the insulation path, and the space between the bottom and top
chord of the truss in the framing path. If the modeled insulation completely fills this space, there is no
attic air space at the edge of the roof. Heat flow through the ceiling in this attic edge area is directly to
the outside both horizontally and vertically, instead of to the attic space. Measures that depend on an
attic air space, such as radiant barriers or ventilation, do not affect the heat flows in the attic edge area.
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Figure 1538181817: Section at Attic Edge with Standard Truss
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d g 555) prowdes addltlonal helght at the attic edge that dependlng on the
helght Y and the ceiling insulation R, can either reduce or eliminate the attic edge area and its thermal
impact.

Figure 1638191918: Section at Attic Edge with a Raised Heel Truss
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For cases where the depth of insulation (including below-deck insulation depth) is greater than the
available height at the attic edge, the compliance software automatically creates cathedral ceiling
surfaces to represent the attic edge area and adjusts the dimensions of the attic air space using the
algorithms contained in Appendix G. If above-deck insulation is modeled, it is included in the attic edge
cathedral ceiling constructions, but radiant barriers below the roof deck are not.
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PROPOSED DESIGN

The compliance software shall allow the user to specify that a raised heel truss will be used (as
supported by construction drawings), with the default belng a standard truss as shown in |gure 15:
Sectlon at Attlc Edge W|th Standard TrussFigs : g : :

- Feass, If the user selects a raised heeI truss, the compllance software
will require the user to speC|fy the vertlcal dlstance between the wall top plate and the bottom of the

STANDARD DESIGN
The standard design shall have a standard truss with the default vertical distance of 3.5 inches between
wall top plate and roof deck.

VERIFICATION AND REPORTING
A raised heel truss is a special feature, and the vertical height above the top plate will be included on the
EMECorNRECCertificate of Compliance.

6.11.6 The Roof Deck

The roof deck is the construction at the top of the attic and includes the solar optic properties of the
exterior surface, the roofing type, the framing, insulation, air gaps, and other features. These are
illustrated in Figure 17: Com ig

section through the roof deck.

Figure 1728202819: Components of the Attic Through Roof Deck
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6.11.6.1 Radiant Barrier

Radiant barriers are used to reduce heat flow at the bottom of the roof deck in the attic. A 0.05
emittance is modeled at the bottom surface of the roof deck if radiant barriers are used. If no radiant
barrier is used, the value modeled is 0.9. If radiant barrier is installed over existing skip sheathingin a
reroofing application, 0.5 is modeled.

PROPOSED DESIGN
The user shall specify whether the proposed design has:

A radiant Barrier
No Radiant Barrier

STANDARD DESIGN
The standard design shall have a radiant barrier if required by the prescriptive Energy Code (§Section
170.2 and Table 170.2-A) for the applicable climate zone.

VERIFICATION AND REPORTING
Radiant barriers are reported as a special feature on the tMEC-erNREEC ertificate of Compliance.

6.11.6.2 Below Deck Insulation

Below-deck insulation is insulation that will be installed below the roof deck between the roof trusses or
rafters.

PROPOSED DESIGN
The compliance software shall allow the user to specify the R-value of insulation that will be installed
below the roof deck between the roof trusses or rafters. The default is an uninsulated roof deck.

STANDARD DESIGN
The standard design has below-deck insulation as specified in Chapter 6.118.2 Ceilings Below Attics.

VERIFICATION AND REPORTING
The R-value of any below-deck insulation is reported as a special feature on the EMEC-orNRECC ertificate
of Compliance.

6.11.6.3 Roof Deck and Framing

The roof deck is the structural surface that supports the roofing. The compliance software assumes a
standard wood deck, and this is not a compliance variable. The size, spacing, and material of the roof
deck framing are compliance variables.

PROPOSED DESIGN

The roof deck is wood siding/sheathing/decking. The compliance software shall default the roof deck
framing to 2x4 trusses at 24 in. on center. The compliance software shall allow the user to specify
alternative framing size, material, and framing spacing.

STANDARD DESIGN
The standard design is 2x4 trusses at 24 in. on center.
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VERIFICATION AND REPORTING
Nonstandard roof deck framing or spacing is reported as a special feature on the EMEC-er
NREC Certificate of Compliance.

6.11.6.4 Above Deck Insulation

Above-deck insulation represents the insulation value of the air gap in “concrete or clay tile” or “metal
tile or wood shakes.” The R-value of any user modeled insulation layers between the roof-deck and the
roofing is added to the air gap value.

PROPOSED DESIGN

This input defaults to R-0.85 for “concrete or clay tile” or for “metal tile or wood shakes” to represent the
benefit of the air gap but no additional insulation. The compliance software shall allow the user to
specify the R-value of additional above-deck insulation in any roof-deck construction assembly.

STANDARD DESIGN
The standard design accounts for the air gap based on roofing type but has no additional above-deck
insulation.

VERIFICATION AND REPORTING
Above-deck insulation R-value is reported as a special feature on the EMEC-e+NREC Certificate of
Compliance.

6.11.6.5 Roofing Type and Mass

PROPOSED DESIGN

The choice of roofing type determines the air gap characteristics between the roofing material and the
deck and establishes whether other inputs are needed, as described below. The choices for roof type are
shown below.

Concrete or clay tile. Both types have significant thermal mass and an air gap between the deck
and the tiles.
Metal tile or wood shakes. These are lightweight with an air gap between the tiles or shakes and
the deck. Note that tapered cedar shingles do not qualify and are treated as a conventional roof
surface.
Other steep-slope roofing types. These include asphalt and composite shingles and tapered cedar
shingles. These products have no air gap between the shingles and the structural roof deck.
Low-slope membranes. These are basically flat roofs with a slope of less than 2:12.
Above-deck mass. The above-deck mass depends on the roofing type. The mass is 10 Ibs/ft2 for
concrete and clay tile and 5 Ibs/ft2 for metal tile, wood shakes, or other steep-slope roofing types.
For low-slope roofs, the additional thermal mass is assumed to be gravel or stone, and the user
chooses one of the following inputs that is equal to or less than the weight of the material being
installed above the roof deck:

No mass (asphalt)

5 Ibs/ft2

10 Ibs/ft2

15 Ibs/ft2
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25 Ibs/ft?

STANDARD DESIGN
The roof slope shall match the proposed design. The roof type for a steep slope roof is 10 lbs/ft? tile. The
roof type for low-slope roof is lightweight roof.

VERIFICATION AND REPORTING
The roof type is reported on the EMEC-erNREEC Certificate of Compliance.

6-11.6-6 Solar Reflectance and Thermal Emittance
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PROPOSED DESIGN

The compliance software shall allow the user to default the solar reflectance and thermal emittance of
the roofing. The solar reflectance product default is 0.10 for all roof types. The thermal emittance default
is 0.85.

The compliance software shall allow the user to input aged solar reflectance and thermal emittance of
roofing material that are rated by the CRRC. The installed value must be equal to or higher than the
value specified here. Roof construction with a roof membrane mass of at least 25 Ibs/ft? or roof area
incorporated integrated solar collectors are assumed to meet the minimal solar reflectance.

STANDARD DESIGN
The solar reflectance and thermal emittance of the standard design roofing are as specified in Table

170.2-A of the prescriptive standards.

VERIFICATION AND REPORTING

Thermal emittance and solar reflectance shall be reported on the EMEC-e~NREECertificate of
Compliance. A reflectance of 0.20 or higher is reported as a cool roof. A value higher than the default but
less than 0.20 is reported as a nonstandard roof reflectance value.

6.12Domestic Hot Water (DHW)

Water heating energy use is based on the number of dwelling units, number of bedrooms, fuel type,
distribution system, water heater type, and conditioned floor area. Detailed calculation information is

included in Appendix B: Water Heating Calculation Method of the Residential ACM Reference Manual.

PROPOSED DESIGN

The water heating system is defined by the heater type (gas, electric resistance, or heat pump), tank
type, dwelling-unit distribution type, efficiency (either uniform energy factor (UEF) or recovery efficiency
with the standby loss), tank volume, exterior insulation R-value (only for indirect), rated input, and tank
location (for electric resistance and heat pump water heater only).

Unitary heat pump water heaters are defined by erergyfacterUEF (and optionally Esg and Egs), and
volume, sre-tankdecation-or, for Northwest Energy Efficiency Alliance Advanced Water Heating

Specification (NEEAAWHS) sated-qualified heat pumps, by selecting the Tier gualification level, entering
the UEF (and optionally Esg and Egs) or the specific heater brand_ands model=ane-tanidocation.

Water heater and tank types include:

e Consumer storage: < 75,000 Btu/h gas/propane, < 12 kW electric, or < 24 amps heat pump, rated
with UEF.

e Consumer instantaneous: < 200,000 Btu/h gas or propane, or < 12 kW electric. An instantaneous
water heater is a water heater with an input rating of > 4,000 Btu/h/gallon of stored water, rated
with a UEF.

e Residential-duty commercial storage: > 75,000 Btu/h, < 105,000 Btu/h gas/propane, < 12 kW
electric, < 24 amps heat pump, and rated storage volume < 120 gallons, rated with a UEF.
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e Residential-duty commercial instantaneous: < 200,000 Btu/h gas/propane, < 58.6 kW electric,
rated storage volume < 2 gallons, rated with a UEF.

e Commercial storage: > 75,000 Btu/h gas/propane, >105,000 Btu/h oil, or > 12 kW electric, rated
with thermal efficiency and standby loss.

e Commercial instantaneous: >200,000 Btu/h gas/propane, > 12 kW electric. Instantaneous water
heater is a water heater with an input rating of > 4,000 Btu/h per gallon of stored water, rated
with thermal efficiency.

e Unitary heat pump water heater: < 24 amps NEEA-AWHS rating or rated with UEF.

e Mini-tank (modeled only in conjunction with an instantaneous gas water heater): a small electric

storage buffering tank that may be installed downstream of an instantaneous gas water heater to
mitigate delivered water temperatures (e.g., cold water sandwich effect). If the standby loss of
this aftermarket tank is not listed in the CEC appliance database, a standby loss of 35 W must be

assumed.

e Indirect: a tank with no heating element or combustion device used in combination with a boiler
or other device serving as the heating element.

e Boiler: a water boiler that supplies hot water, rated with thermal efficiency or AFUE.

Heater element type includes:

e Electric resistance.
e G@Gas.
e Heat pump.

Dwelling unit distribution system types for systems serving individual dwelling units include:

e Standard (all piping and plumbing appurtenances for domestic hot water systems shall
bedistribution—pipes insulated_and insulation shall be continuous).

e Point of use.

e Central parallel piping.

e Recirculation with nondemand control (continuous pumping).

e Recirculation with demand control, push button.

e Recirculation with demand control, occupancy/motion sensor.

e HERSECC-required pipe insulation, all lines_including the first 8 ft of inlet cold water piping from
storage tank. If pipe insulation is not verified per Residential Reference Appendix RA3.6.3, then an
energy compliance penalty is applied based on Appendix B Table B-6 wia-atternative-correction
faetor-to reflect imperfect insulation.

o HERSECC-required central parallel piping.

o HERSECC-required recirculation, demand control, push button.

e HERSECC-required recirculation with demand control, occupancy/motion sensor.

Some distribution systems kave-an-eptientecan increase the amount of credit received if the option for
HERSECC verification is selected. See Appendix B for the amount of credit and Reference Appendices,
Residential Appendix Table RA2-62 for a summary of inspection requirements.

When a multifamily building has central water heating, both a dwelling unit and a central system
distribution type must be specified. Dwelling unit distribution types for this case include:
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e Standard (all distribution pipes insulated).
e HERSECC--required pipe insulation, all lines.

Multifamily central hot water heating central system distribution types include:

¢ No loops or recirculation system pump.
e Recirculation with no control (continuous pumping).

Pipe Sizing
California Plumbing Code (CPC) Appendix M isestablishes that the standard design pipe sizing

methodology be used for all distribution piping. If CPC Appendix A methodology is followed, then an
energy compliance penalty is applied based on Appendix B Table B-6.

6.12.1 Distribution Compactness

Applicable to single dwelling units or multifamily with individual water heater in each dwelling unit.
Distribution compactness identifies the proximity between the water heater and use points. The
distribution compactness of the water heating system must be specified. The choices include:

¢ None.
e Compact distribution basic credit.
e Compact distribution expanded credit (HERSECC).

Once basic credit or expanded credit is specified, either the plan view fixture distances (to master
bathroom, kitchen, and furthest fixture) will need to be input for the DHW system or, if the distances are
unknown, allow a user input compactness factor to be used.

If the fixture distances are specified, the compliance software will determine if the distances qualify for
the credit.

If the fixture distances are not specified, compliance with the user input compactness factor will be
verified on the €F2RCertificate of Installation where the actual fixture distances for the design will need
to be specified.

6.12.2 Drain Water Heat Recovery

Drain water heat recovery (DWHR) is a system where the waste heat from shower drains is used to
preheat the cold inlet water. The preheated water can serve a shower, water heater, or both.

The user specifies the DHWR device for the water heating system. The rated efficiency of the DWHR
device, the number of shower(s) served, and the configuration must be specified. The configuration
choices include:

e Equal flow to shower and water heater: The potable-side heat exchanger output feeds both the
fixture and the water heater inlet. Potable and drain flow rates are equal, assuming no other
simultaneous hot water draws.
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e Unequal flow to shower: The potable-side heat exchanger output feeds the inlet(s) of the water
heater(s) that are part of the parent DHW system. (The inlet temperature is adjusted to reflect
recovered heat.)

e Unequal flow to water heater: The potable-side heat exchanger output feeds only the associated
fixture.

Multiple DHWR devices can be used for a water heater system.

Drain water heat recovery is a HERSECC-verified measure.

6.12.3 Individual Water Heaters Serving Dwelling Units — - Standard
Design

Multifamily buildings three habitable steriesfloors or less:

When-modelingthe Efficieney LSEthFWhen calculating the LSC the standard design for all climate zones
is a single heatpump-waterheaterHPWH with a 2.0 UEF. If the proposed building has an attached

garage, then the standard design HPWH location is in the garage. If the proposed building does not have
an attached garage, then the standard design HPWH location is in an exterior closet with louvers open to

the exterior. heproposed-desigrisa-gaswaterheaterthe standard-designisan-nstanianeous g

fthe proposed-designin-In climate zones 1 or 16 usesaminimatlycompliant HPWH-the -standard
design will additienally-include the-a compact distribution basiccreditsystem meeting the requirements

of RA4.4.6. ftheproposed-designin-In climate zone 16 usesaminimaly-compliant HPWH_the standard
design will additienally-include both a compact distribution system and a drain water heat recovery

system.

When calculating the source energy, the domestic water heating system is a gas tankless water heater
with an input of 200,000 BTU/h, a high draw pattern, and 0.81 UEF.

Multifamily buildings four habitable steriesfloors or greater:

If the proposed design uses electricity as the fuel source, the standard design is a single heat pump
water heater with a 2.0 UEF with compact distribution basic credit in Climate Zones 1 and 16, and a drain
water heat recovery system in Climate Zone 16.

If the proposed building has an attached garage, then the standard design HPWH location is the garage.
If the proposed building does not have an attached garage, then the standard design HPWH location is in
the conditioned space with the air inlet and outlet ducted to the outside.

If the proposed design is gas, then the standard design is a single gas or propane consumer
instantaneous water heater for each dwelling unit. The single consumer instantaneous water heater is
modeled with an input of 200,000 Btu/h, a tank volume of zero gallons, a high draw pattern, and a UEF
meeting the minimum federal standards. The current minimum federal standard for a high-draw-pattern
instantaneous water heater is 0.81 UEF.
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6.12.4 Multiple Dwelling Units — Central Water Heating Standard
Design

The energy performance of central water heating systems is determined by the primary heating
equipment, primary heating storage volume, location, secondary heating equipment, secondary heating
storage volume, set point controls, and the way in which the components are plumbed.

Water-heating device-

If the proposed central water heating device uses electricity as the fuel source, the standard design is a
central split heat pump water heater system that includes the following:

Primary single-pass, split-system heat pump plumbed to a primary storage volume. The standard design
heat pump water heater output capacity and the primary storage tank capacity are automatically sized so
that the heat pump and primary storage volume jointly meet the peak water used on the design (coldest)
day. The algorithm sizes the primary tank volume to meet the peak water draw period and the heat
pump output capacity so that the system runs for approximately sixteen hours on the design days.

The primary single-pass heat pump is a generic heat pump, based on the R-134 refrigerant operating
cycle, with minimum output capacity as determined above.

In the standard design, the recirculation loop is decoupled from the primary system. The secondary
heater and tank are connected to the primary system in series and both the primary tank outlet and hot
water circulation return are connected to the bottom of the secondary tank.

The secondary tank is an electric resistance water heater with output heating capacity calculated as
follows:

Output Capacity (watts) = 1.75 * 100 * Number of Dwelling Units

The secondary tank storage volume is determined by the following:

Tank Volume (gallons) = 80 if Number of Dwelling Units < 48

Tank Volume (gallons = 120 if Number of Dwelling Units > 48

Both the primary and secondary storage tanks have insulation R-values of 16 (°F ft? hr/BTU)

The locations for the standard design storage tanks and heat pumps are the same as the proposed
design.

The temperature setpoints are:

Primary single-pass HPWH: 13548 °F

Secondary water heater: 12536 °F

Thermostatic mixing valve outlet: 125 °F. If the proposed central water heating device uses gas or
propane as the fuel source, the standard design uses natural gas-fired or propane commercial packaged
boiler. In Climate 1 through 9, if the total installed water heating input capacity is 1 MMBtu/hr or greater,
the standard design gas water-heating equipment thermal efficiency is 90 percent.

The appropriate efficiencies and standby losses for each standard water-heating device are then
assigned to match the minimum federal requirements. The standards for consumer water heaters, as
defined by 42 U.S.C 6291(16), are specified in 10 CFR 430.32(d); the standards for commercial water
heaters, as defined by 42 U.S.C 6291(16), are specified in 10 CFR 431.110.

Recirculating system. If the central water-heating system has recirculation loops, the standard design
includes a recirculation system with no controls and one recirculation loop.

Master Mixing Valve
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Thermostatic master mixing valve is the standard design used for central water heating systems. A
correction factor is used to adjust the energy usage simulated based on the system characteristics. A 1.0
correction factor represents no energy credit or penalty, while correction factors greater than 1.0

result in increased energy usage penalties for the system. famechanicalmastermixingvalve (MMM

heating plant characteristics based on the heating source, heater and storage tank configuration, and
heating plant hot water outlet and recirculation return temperature . The correction factor is also
dependent on whether a mechanical master mixing valve, digital master mixing valve or no master

mixing valve is specified. The standard design assumes a mechanical master mixing valve with a
correction factor of 1.0.
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Table 5149494845: Heat Pump Water Heater System Correction Factor
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Recirculation Return to
Secondary Parallel HPWH 1 °F
< AT <7°F

Heat Pump Water Heater Standard Standard Proposed
Systems Besigh-Digital Desight Design:No
Master Mixing Mechanical Master Mixing
Valve Master Mixing Valve
Valve
Multi-Pass Integrate HPWH 1 1 1 1.15
°F < AT(Outlet Return) < 7 °F
Multi-Pass Integrated HPWH 7 1 1 1.12
°F < AT
Single-Pass Primary HP with 0.96 1 1.14
Recirculation Return to Primary
Tank 1 °F < AT < 7 °F
Single-Pass Primary HP with 1 1 1.09
Recirculation Return to Primary
Tank 7 °F < AT
Multi-Pass Primary HP with 0.96 1 1.15
Recirculation Return to Primary
Tank 1 °F < AT < 7 °F
Multi-Pass Primary HP with 0.98 1 1.12
Recirculation Return to Primary
Tank 7 °F < AT
Single-Pass Primary HP with 0.96 1 1.08
Recirculation Return to Series
Electric Resistance Water
Heater 1 °F < AT < 7 °F
Single-Pass Primary HP with 0.99 1 1.05
Recirculation Return to Series
Electric Resistance Water
Heater 7 °F < AT
Single-Pass Primary HP with 0.96 1 1.10
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Domestic Hot Water (DHW)

Single-Pass Primary HP with
Recirculation Return to
Secondary Parallel HPWH 7 °F
< AT

o
(@)}

=

1.1

Table 52508564946: Gas-Fired Water Heater System Correction Factor

Condensing Water Heater with
Recirculation Return to Primary
Tank

Heat Pump Water Heater Standard Standard Proposed
Systems Desight-Digital Desight ight-No
Master Mixing Mechanical Master Mixing
Valve Master Mixing Valve
Valve
Integrated Gas Atmospheric 1 1 1.03
Water Heater
Integrated Gas Condensing 1 1 1.03
Water Heater
Multi-Pass Primary Gas 1 1 1.03
Atmospheric Water Heater with
Recirculation Return to Primary
Tank
Multi-Pass Primary Gas 1 1 1.03

Solar thermal water-heating system. If the proposed system uses gas or propane water heater, the
standard design has a solar water heating system meeting the installation criteria specified in Reference
Residential Appendix RA4 and with a minimum solar savings fraction of 0.20 in Climate Zones 1-9, or 0.35
in Climate Zones 10-16. If a drain water heat recovery system is installed, These solar savings fractions

may-beare reduced to 0.15 in Climate Zones 1-9 or 0.30 in Climate Zones 10-16-ifa-drainwaterheat

recovery-systermis-additionally-nstalled.

VERIFICATION AND REPORTING

All modeled features and the number of devices modeled for the water heating system are reported on
the EMEC-o+-NRECCertificate of Compliance. Electric resistance and heat pump water heaters indicate

the location of the water heater. NEEA-rated heat pumps are identified by the brand and model, which

must be verified by the building inspector.
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Where water heating system features or distribution systems specify or require HERSECC verification,
those features are listed in the HERSECC required verification listings on the EMEECertificate of

Compliance.

6.12.5 Solar Thermal Water Heating Credit

When a water heating system has a solar thermal system to provide part of the water heating, the user
enters information about the Solar Rating and Certification Corporation approved collector
(manufacturer, brand, model number), including details of the installation (azimuth, tilt).

Alternatively, the solar fraction (SF) is determined using the CEC Solar Water Heating Calculator, or
approved method showing minimum energy equivalency, OG-100 calculation method, or the certified
0G-300 rating. The calculation method requires that the user specify the climate zone and conditioned
floor area, in addition to published data for the solar thermal water heating system.

6.12.6 JA13 Basic Control Credit

The Reference Appendices, Joint Appendix JA13 HPWH Basic Control Credit provides compliance credit
for systems that provide daily load shifting for the purpose of bill reductions, maximization of solar self-
utilization, and grid harmonization. The Basic Control Credits are based on CBECC modeling of typical
HPWHSs, where the control turns the water heater on and off at optimal times for maximum FBMLSC
benefits without exceeding the user set point temperature. Variation by climate zone is dependent on

FBMLSC values and climate conditions such as ambient air and ground water temperatures in each
climate zone.

Any HPWH compliant with Reference Appendices, Joint Appendix JA13 serptant=HRAWH-will receive an
LSC percentage credit which is climate zone specificpe i 3 i as specified in

Eentrol-CreditTable —Fable-54=. The LSC percentage reduction is applied to the Proposed Design water
heating annual LSC budget which is part of the efficiency LSC, upon the completion of the eermphant

compliance simulation run.-Nete-that-thisreducton-apphesenlyte-apphesto-the—waterheatingLSC

valgesforwaterheating
Table 5353515047: Gas-Fired-WaterHeater System-CoerrectionFactoerJA13

HPWH Basic Control Credit

Climate Zone | JA13 Basic
Control

Credit (%)

6.7

=

IN
|S”
N

lw
|.\'
o
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4 4.0
5 8.5
6 6.8
7 8.8
8 44
9 4.4
10 4.4
11 4.2
12 4.7
13 8.0
14 3.1
15 8.2
16 22.7

6.13Additions/Alterations

Addition and alteration compliance is based on Energy Code, §Section 180.0, §Section 180.1, §Section
180.2, and &Section 180.3. The energy budget for additions and alterations is based on FBVLSC energy.

Alterations must model the entire dwelling unit. Additions may be modeled as addition alone, alteration
alone, or as “ExistingAdditionAndAlteration”.

The standard design and tradeoffs are not included for the following featuresdees-netinckide:

e Cool roof when an addition is 300 ft? or less.
e Ventilation cooling for additions that are 1,000 ft2 or less.
e Solar generation/PV requirements.
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6.13.1 Whole Building

The entire proposed building, including all additions or alterations or both, is modeled the same as a
newly constructed building. The building complies if the proposed design uses equal to or less energy
than the standard design.

6.13.2 Alteration-Alone Approach

The proposed alteration alone floor area is modeled. The alteration requirements of §Section 180.2 are
applied to any new features.

6.13.3 Addition-Alone Approach

The proposed addition alone is modeled the same as a newly constructed building except that the
internal gains are prorated based on the size of the dwelling. None of the exceptions included for
prescriptive additions, which are implemented in the existing plus addition plus alteration compliance
approach (Chapter 6.13.4 Existing+ Addition Alteration Approach), are given to the addition alone
approach. (See Energy Code, §Section 180.1[b]2.) The addition complies if the proposed design sessee
are=TDVLSC energy budget-consumption is less than the standard design_energy budget. Additions are

not required to meet a source energy budget.

The addition-alone approach shall not be used when alterations to the existing building are proposed.
Modifications to any surfaces between the existing building and the addition are part of the addition and
are not considered alterations.

PROPOSED DESIGN

The user shall indicate that an addition alone is being modeled and enter the conditioned floor area of
the addition. Any surfaces that are between the existing building and the addition are not modeled or
are treated as adiabatic surfaces. All other features of the addition shall be modeled the same as a newly
constructed building.

When an existing HVAC system is extended to serve the addition, the standard design shall assume the
same efficiency for the HVAC equipment as the proposed design. (See Chapter 6.98.1 Heating
Subsystems and Chapter 6.98.2 Cooling Subsystems.)

When a dual-glazed greenhouse or garden window is installed in an addition or alteration, the proposed
design U-factor can be assumed to be 0.30.

STANDARD DESIGN
The addition alone is modeled the same as a newly constructed building, with the following exceptions:

e When roofing requirements are included in Table 170.2-A, they are included in the standard
design if the added conditioned floor area is greater than 300 ft2.

e When compliance with IAQ requirements of §Section 160.2 apply to an addition with greater
than 1,000 ft? added, the conditioned floor area of the entire dwelling unit shall be used to
determine the required ventilation airflow. For additions with 1,000 ft2 or less of added
conditioned floor area, no IAQ requirements apply.

e PV requirements are not included.
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e For dwelling units with water heaters serving individual dwelling units, the standard design DHW
system is a heat pump water heater with a 2.0 UEF. In climate zone 3, 4, 13 and 14, if the
proposed design is gas, the standard design DHW system is a natural gas tankless (or propane if
natural gas is not available) water heating system. See Chapter 6.12.334-2 Individual Dwelling

Units for equipment efficiencies and operating details for each type of water heater.

6.13.4 ExistingAdditionAndAlteration Approach

Energy Code §Section 180.1 contains the provisions for additions and §Section 180.2 for alterations
when the existing building is included in the calculations. These provisions are the
“ExistingAdditionAndAlteration” performance approach. The proposed existing + addition + alteration
design complies if the FBVLSC energy budget-consumption is less than the standard design energy

budget.

PROPOSED DESIGN

The proposed design is modeled by identifying each energy feature as part of the existing building (as
existing, altered, or new), or as part of the addition. The compliance software uses this information to
create an ExistingAdditionAndAlteration standard design using the rules in the Energy Code that take
into account whether altered components meet or exceed the threshold at which they receive a
compliance credit and whether any related measures are triggered by altering a given component.

For building surfaces and systems designated below, all compliance software must provide an input field
with labels for the proposed design, which define how the standard design requirements are established
based on the option selected by the compliance software user:

Existing: The surface or system remains unchanged within the proposed design. (Both standard design and

proposed design have the same features and characteristics.)

Altered: the surface or system is altered in the proposed design. Ne-verification-of-existingconditionsis
i . . on

New: a new surface or system is added in the proposed design (may be in the existing building or the

addition).

Deleted features are not included in the proposed design.

§Section 180.2, Table 180.2-B specifies the details of the standard design for altered components.
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6.13.4.1 Qll

STANDARD DESIGN

For multifamily building up to three habitable steriesfloors, the standard design includes Qll for additions
greater than 700 ft? in multifamily building in Climate Zones 1-6 and 8-16(§Section 180.1[a]1Bv).

The provisions of §Section 180.1(a)1Aiv, as applied to converting an existing unconditioned space to
conditioned space, are accommodations made by the HERSECC rater in the field. No adjustments to the
energy budget are made.

6.13.4.2 PV
STANDARD DESIGN
The standard design does not include PV for additions and alterations.

6.13.4.3 Roof/Ceilings

STANDARD DESIGN
The standard design roof/ceiling construction assembly is based on the proposed design assembly type

For addmons equal to or less than 700 ft?, radiant barr|er requirements foIIow Option C (§Section
170.2[a]1Bii). The standard design for unaltered ceilings and roofs is the existing condition.

Table 545252514843: Standard Design for Roofs/Ceilings

Proposed Design = Addition <300 Addition>300 @ Addition>700 Altered

Roof/Ceiling ft? ft2and <700 ft  ft2
Types
Roof Deck NR NR Cz4,8,9,11-15 C(CZ4,8,9,11-
Insulation (below- =R-19, CZ 10, 15=R-19,CZ
deck, where 16 = R-13 10, 16 = R-13
required) at
vented attic
Ceilings Below CzZ1,2,6816= CZ1,2,4,8-16 CZ5-7=R-19CZ
Attic R-38 = R-38 Cz1,2,4,816 | 1-4,8-16=R-49

Cz3,5-7=R-30 (CZ3,5-7=R-30 =R-38

CZ 3,5-7=R-30
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Proposed Design
Roof/Ceiling
Types

Non-Attic
(Cathedral)
Ceilings and Roofs

Radiant Barrier

Roofing Surface
(Cool Roof)
Steep-Sloped

Roofing Surface
(Cool Roof) Low
Slope

Above Deck
Insulation, Low-
Sloped

Addition < 300
ftz

R-22/U-0.043

CZ 2-15 REQ
CZ1,16NR
NR

NR

NR

Addition > 300
ft2and < 700 ft

R-22/U-0.043

CZ 2-15 REQ
CZ1,16NR

CZ 10-15=0.20
Reflectance,
=0.75 Emittance

CZ13,15=0.63

Reflectance,
=0.75 Emittance

NR

Addition > 700
ftz

Same as above

CZ2,3,5-7REQ
CZ1,4,8-16 NR
CZ 10-15=0.20
Reflectance,
=0.75 Emittance

CZ13,15=0.63

Reflectance,
=0.75 Emittance

NR

Source: California Energy Commission

6.13.4.4 Exterior Walls and Doors
The compliance software allows the user to indicate whether a new wall in an addition is an extension of
an existing wood-framed wall and, if so, the dimensions of the existing wall. The standard design exterior
wall construction assembly is based on a wood-framed wall with R-15 cavity insulation for existing 2x4

walls or R-21 cavity insulation for existing 2x6 walls.

Additions/Alterations

Altered

R-19/U-0.054

NR

CZ 4, 8-15
=0.20
Reflectance
=0.75 Emittance
CZ4,6-15
=0.63
Reflectance
=0.75 Emittance

CZ1,2,4,8-16
R-14
continuous

The compliance software allows the user to indicate if a wall is existing, where siding is not removed or
replaced. The user also identifies if the walls have 2x4 or 2x6 framing. The standard design exterior wall
construction assembly is based on a wood-framed wall with R-15 cavity insulation for existing 2x4 walls
or R-21 cavity insulation for existing 2x6 walls.

PROPOSED DESIGN

Existing structures with insulated wood-framed walls that are being converted to conditioned space
using an E+A+A approach are allowed to show compliance using the existing wall framing, without
having to upgrade to current prescriptive continuous insulation requirements. The walls are modeled as
an assembly with the existing framing and either R-15 (in 2x4 framing) or R-21 (in 2x6 framing) insulation
(Exception to §Section 160.1[b] and §Section 180.1[a]1).
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STANDARD DESIGN

The areas, orientation, and tilt of existing, new, and altered net exterior wall areas (with windows and
doors subtracted) are the same in the existing and addition portions of standard design as in the
proposed design.

The gross exterior wall areas (wall area without subtracting window area) and orientations of the
standard design match the proposed design.

The standard design exterior wall construction assembly is based on the proposed design assembly type
as shown in Table 55: Addition Standard Design for Walls and Doors¥ab : i i

: aHs=a ks are modeled as 16-in. on center wood framing. The standard design
for unaltered walls is the existing condition.

The standard design for exterior opaque or swinging doors is 0.20 U-factor. Fire-rated doors (from the
house to garage) use the proposed design door U-factor as the standard design U-factor.

Table 555353524944: Addition Standard Design for Walls and Doors

Proposed Design  Addition Altered
Exterior Wall

Assembly Type or

Door

Framed & Non- CZ 1-5, 8-16 = R-21+R-4 in R-13in 2x4
Mass Exterior 2x6 (U-0.051) R-20in 2x6
Walls (<1hr fire CZ 6-7 = R-15+R-4 in 2x4

rating) (U-0.065)

Framed & Non- CZ1-5,8-10,12,13=(U-  R-13in2x4
Mass Exterior 0.059) R-20in 2x6
Walls (>1hr fire Cz6,7=(U-0.065)

rating) CZ 11, 14-16 = (U-0.051)

Wood Fframed R-15in 2x4 R-13in 2x4
Eexisting wWalls R-21in 2x6 R-20 in 2x6
where siding

Siding is not

Regemoved

Extension of an

eExisting wWall

Framed Wall R-15in 2x4 R-13in 2x4
Separating R-21in 2x6 R-20in 2x6
Conditioned and

Adjaeentte

Unconditioned

Space
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Proposed Design  Addition Altered

Exterior Wall

Assembly Type or

Door

(e.g., Demising or

Garage Wall)

Above Grade CZ 1-15=R-13 (0.077) N/R Mandatory requirements have no
Mass Interior CZ 16 =R-17 (0.059) insulation for mass walls

Insulated

Below Grade Mass CZ 1-15 =R-13 N/R Mandatory requirements have no
Interior Insulation = CZ 16 =R-15 insulation for mass walls

Swinging Doors 0.20 0.20

Source: California Energy Commission
6.13.4.5 Fenestration

PROPOSED DESIGN

Fenestration areas are modeled in the addition as new. In an existing building, they may be existing,
altered, or new. Altered (replacement) fenestration is defined in §Section 180.2(b)1.C as “existing
fenestration area in an existing wall or roof [which is] replaced with a new manufactured fenestration
product... Up to the total fenestration area removed in the existing wall or roof....“ Altered also includes
fenestration installed in the same existing wall, even if in a different location on that wall. Added
fenestration area in an existing wall or roof is fenestration that did not previously exist and is modeled as
new.

STANDARD DESIGN
Standard design fenestration U-factor and SHGC are based on the values shown in Table 56: Standard

sk ek 8 . Vertical glazing mcIudes aII
fenestration in exterior waIIs such as windows, clerestories, and glazed doors. Skylights include all glazed
openings in roofs and ceilings.

New fenestration in an alteration is modeled with the same U-factor and SHGC as required for an
addition.

West-facing limitations are combined with the maximum fenestration allowed and are not an additional
allowance.

The standard de5|gn is set for fenestration areas and orientations as shown in Table 56: Standard Design
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Proposed design < allowed percentage of total fenestration area:

In the existing building, the standard design uses the same area and orientation of each existing or
altered fenestration area (in the respective existing or altered wall or roof.)

In an addition, the standard design uses the same area and orientation of new fenestration up to the
allowed fenestration.

Proposed design > allowed percentage of total fenestration area:

The standard design first calculates the allowed total fenestration area as the total existing and altered
fenestration area in existing or altered walls and roofs. Added to this is the percent of fenestration
allowed in the addition, based on the conditioned floor area of the addition.

Table 565454535045: Standard Design for Fenestration (in Walls and Roofs)

Proposed Addition < Addition > Addition > Altered
Design 400 ft2 400 and < 700 ft?
Fenestration 700 ft?
Type
Vertical 75 ft2or30% | Min of 20% Min of 20% Min of 20% WWR or 40%
Glazing: Area WWR or40% @ WWRor40%  WFR
and WFR WEFR
Orientation
West Facing CzZ2,4,6- Cz2,4,6- Cz2,4,6- NR
Maximum 15=60 ft? 15=60 ft? 15=70 ft? or
Allowed 5%
Vertical Cz1,3-511, Cz1,3-511, CzZ1,3-5,11, Cz1,3-5,11,13-16 =0.28
Glazing: 13-16-6/8-16 13-16=0.28 13-16=0.28 CZ2,6,8-10,12 =0.30
U-Factor =0.2830 CZ2,6,8-10, CZ2,6,8-10, CZ7=0.34€216,816=
CZ2,6,810, 12=0.30CZ7 12=0.30CZ7 030
127=0304 =034€236, =0346216 (€27-034
Cz7=0.34 8-16=0-30 9-16=030
GH——O%A'_ O 'Gy—8‘934, — O
Vertical Cz1,3,5,16 (Cz1,3,5,16 (€z1,3,5,16 CZ1,3,5,16=NR635
Glazing: SHGC = =0:35NR = NRO35 = NRO35 CZ2,4,6-15-16=0.23
Cz2,4,6-15- (Cz22,4,6-15- CZ2,4,6-15-
16=0.23 16=0.23 16=0.23
Visible
Transmittance
1)
Skylight: 5% 5% 5% 5%
Area and
Orientation
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Proposed Addition < Addition > Addition > Altered

Design 400 ft? 400 and < 700 ft?

Fenestration 700 ft?

Type

Skylight: U- 0.30 0.30 0.30 0.55

Factor

Skylight: Cz2,4,6- Cz2,4,6- Cz2,4,6- CZ2,4,6-15=0.2538

SHGC 15=0.253 15=0.253 15=0.23 CZ1,35&16=0.35
CZ135& CZ1,35& CZ135&
16=0.35 16=0.35 16=0.35

Source: California Energy Commission
6.13.4.6 Overhangs, Sidefins and Other Exterior Shading

STANDARD DESIGN
The standard design for a proposed buﬂdmg W|th overhangs, S|deﬁns and exterior shades is shown in

: acing Exterior shading (limited to bug screens) is
treated dlfferently than ﬁxed overhangs and sidefins, as explained in Chapter 6.10.79-6-9 Exterior
Shading.

Table 575555545146: Standard Design for Overhangs, Sidefins, and Other Exterior Shading

Proposed Design Addition Altered
Shading Type

Overhangs and No overhangs or sidefins | Proposed altered
Sidefins condition
Exterior Shading Standard (bug screens Proposed altered
on fenestration, none on = condition
skylights)
Window Film No window film Proposed altered
condition

Source: California Energy Commission

6.13.4.7 Window Film

PROPOSED DESIGN

A window film must have at least a 15-year warranty and is treated as a window replacement. The values
modeled are either the default values from Tables 110.6-A and 110.6-B or the NFRC Window Film Energy
Performance Label.
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6.13.4.8 Floors

STANDARD DESIGN

Table 58565655524%: Standard Design for Floors

Proposed Design Addition Altered (mandatory)
Floor Type
Raised Floor R-19in 2x6 16” o.c. R-19in 2x6 16” o.c.
Over Crawl Space wood framing wood framing
or Over Exterior
Slab-on-Grade: CZ1-15:R-0 R-0
Unheated CZ16: R-7 16” vertical
Slab-on-Grade: CZ1-15:R-5 16" CZ1-15: R-5 16” vertical
Heated vertical CZ 16: R-10 16” vertical
CZ 16:R-10 16"
vertical
Raised Concrete Slab C71,2,11,13,14,16: R-8  R-0
CZ3-10: R-0
CZ12,15: R-4

Source: California Energy Commission

6.13.4.9 Thermal Mass

STANDARD DESIGN
The standard design for thermal mass in existing plus addition plus alteration calculations is the same as
for all newly constructed buildings as explained in Chapter 6.10.59-4-% Internal Thermal Mass.

6.13.4.10 Air Leakage and Infiltration

STANDARD DESIGN

Standard design air leakage and infiltration is shown in Table 59: Standard Design for Air Leakage and
Infiltration aad o i 5 : i ; .

A far A o o an d Docign far A
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Table 595252565348: Standard Design for Air Leakage and Infiltration

Proposed Air Addition Altered
Leakage and

Infiltration

Multifamily Buildings = 7 ACH50 7 ACH50
three-habitable

storiesorless

Multifamily Buildings 02352 cfm/ft? 02352 cfm/ft?
with-fourormore

habitablestories

Source: California Energy Commission

6.13.4.11 Space Conditioning System

PROPOSED DESIGN

STANDARD DESIGN

Table 605858525449: Standard Design for Space Conditioning Systems

Proposed Design Addition Altered
Space-Conditioning
System Type
Heating System See-Chapter6.-12:3 Same-as-hewly
Addifion-Alone-Appbroach  constructedSame
and-2015-Federal as-AdditienFor
Appliance-Stds—baseden  common areas,
fuel-source-and same as newly
eguiprment-typeSame as constructed. PFor
newly constructed. dwelling units,
proposed heating
fuel type and
equipment
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Proposed Design

Space-Conditioning

System Type

Cooling System

Addition

Same as newly

Altered

type/efficiency. If
the existing
equipment is
electric resistance
and none of the

exceptions in
§Section

180.2(b)2Av are
met, the Standard

Design system
shall be a heat

ump meetin
the same
requirements as

newly
constructed.

Same as newl|

constructed.See Chapter constructed.Same
Asereach-and 2045
Federal-Applianee
Standardsbasedonfuel
source-and-eguipment
type
Refrigerant Charge CZ 2, 8-15: Yes Same as Addition
Cz1,3-7: No
Whele-Heuse Fan €Z8-14+1.5 CRM/FE? N/A
AHE) i £
. | 0002
Ind Air Quali M I S :
i e if Lotion £ .
. 1 000 2 "
£ e
" .

6.13.4.12 Duct System

PROPOSED DESIGN

Source: California Energy Commission

Additions/Alterations

Duct insulation shall be based on the new or replacement R-value input by the user. Duct leakage shall
be based on the tested duct leakage rate entered by the user or a default rate of 30 percent.
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STANDARD DESIGN
Table 615959585550: Standard Design for Duct Systems

Proposed Design Standard Design

Duct System Type

Altered or Extended  CZ 1-2, 4, 8-16: Duct insulation R-8 and duct
Ducts >25-ftserving  leakage of 15%

existing space CZ 3, 5-7: Duct insulation R-6 and duct leakage
of 15%

New Ducts CZ 1-2, 4, 8-16: Duct insulation R-8 and duct
leakage of 12%
CZ 3, 5-7: Duct insulation R-6 and duct leakage
of 12%

Based on Table 180.2-C

Note 1: Refer to §Section 180.2(b)2Aii for definition of an “Entirely New or Complete Replacement Duct System.”

Source: California Energy Commission

6.13.4.13 Indoor Air Quality & Local Mechanical Ventilation

Indoor Air Quality (IAQ) requirements apply to an addition when either adding an entirely new dwelling

unit that is not considered a Junior Accessory dwelling unit (JADU) or constructing an addition to an
existing dwelling unit greater than 1,000 ft>. When an addition to a dwelling unit with greater than 1,000
ft’ added-of added conditioned floor area, the conditioned floor area of the entire dwelling unit is used

to determine the required ventilation airflow. For additions with 1,000 ft? or less of added conditioned

floor area, no IAQ requirements shall apply.

Alterations of 1AQ systems include new or complete replacements of an existing system and component

alterations only. An examples of an IAQ _system component is a fan serving an HRV system.

Dwelling unit air leakage test is not required for IAQ alterations or additions.

PROPOSED DESIGN

IAQ system type and specifications identified by the user or a default system based on the standard
design for the system type. ldentification of new or replacement kitchen ventilation system to identify
compliance with local mechanical exhaust requirements.

STANDARD DESIGN

IAQ ventilation requirements for additions and alterations are the same as rew-—censtructenfor newly

constructed buildings for supply and balanced IAQ system types. Altered IAQ systems, both complete

replacement and altered components, can install an exhaust-only ventilation system if the existing

system is exhaust-only.
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Local kitchen mechanical exhaust requirements, when triggered by the user as part of the addition or
alteration, are the same as rew-censtructonnewly constructed building requirements.

6.13.4.14 Water Heating System

STANDARD DESIGN
Table 626868595651: Standard Design for Water Heater Systems

Proposed Design = Addition (adding Altered

Water Heating water heater)
System Type
Multifamily Prescriptive water Existing-Same as proposed
Individual Water = heating system for fuel type, proposed tank
Heater for Each each dwelling unit type, mandatory
Dwelling Unit (see Chapter 6.12 requirements (excluding any
Domestic Hot solar)
Water)
Multifamily Central water Mandatory and-preseriptive
Central Water heating system (see  reguirements{excludingany
Heating System Chapter 6.12 selarjrequirements of
Domestic Hot §Section 110.3 only. Standard
Water) design system same as

proposed design.

Source: California Energy Commission

6.14Documentation

The compliance software shall be capable of displaying and printing an output of the energy use
summary and a text file of the building features. These are the same features as shown on the tMEC-or
NRECCertificate of Compliance when generated using the report manager.

See public domain software user guide or vendor software guide for detailed modeling guideliresrules.
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