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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
20252 Building Energy Efficiency Standards. However, use of or
compliance with the guidance does not assure compliance with the 20252
Building Energy Efficiency Standards, and it is the responsibility of the
user of this document to ensure compliance with the 20252 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 allows compliance by either a prescriptive or
a performance method. Performance compliance uses computer-modeling software to
trade-off efficiency measures. Performance compliance is the most popular compliance
method because of the flexibility it provides in the building design.

Compliance software must be certified by the CEC using the rules established for
modeling software. This document establishes the rules for creating a building model,
describes how the proposed design (energy use) is defined, explains how the standard
design (energy budget) is established, and reports on the Performance Compliance
Certificate. This document does not specify the minimum capabilities of vendor-supplied
software. The CEC reserves the right to approve vendor software for limited
implementations of what is documented in this manual.

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

The 2022 compliance manager is the simulation and compliance rule implementation
software specified by the CEC. The compliance manager, called California Building
Energy Code Compliance Residential (CBECC-Res), models all the regulated energy
performance features affecting the energy compliance of a building.

Keywords: ACM, Alternative Calculation Method, Building Energy Efficiency Standards,
California Energy Commission, California Building Energy Code Compliance, CBECC,
certificate of compliance, CF1R, compliance manager, compliance software, computer
compliance, energy budget, energy code, energy use, performance compliance, design,
proposed design, standard design
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1 Introduction

1.1 Purpose

This manual documents the rules used for modeling single--family residential buildings for
performance-based compliance under California’s 20252 Building Energy Efficiency
Standards (Energy Code) for residential and nonresidential buildings. This document
explains how the proposed design;_and standard design;,and+eference-design are
established for a building and what is reported on the certificate of compliance (CF1R)
compliance document.

The 20252 compliance manager is the simulation and compliance rule implementation
software specified by the California Energy Commission (CEC).

Documentation of detailed calculation algorithms is contained in the companion volume
Appendix G, 20252 Residential Alternative Calculation Method Algorithms.

This reference manual documents the compliance analysis modeling rules for all aspects of
the CEC’s Alternative Calculation Method (ACM) Reference Manual for single-family
residential buildings. For modeling rules for multifamily buildings, please refer to the
Nonresidential and Multifamily Alternative Calculation Method Reference Manual. This
document does not specify the minimum capabilities of vendor-supplied software. The
CEC reserves the right to approve vendor software for limited implementations of what is
documented in this manual.

1.2 Other Documents

The basis of this document is the 20252 Energy Code and definitions for terms used in this
manual can be found in the 20252 Energy Code. Documents also relied upon include the
Reference Appendices for the 20252 Building Energy Efficiency Standards (reference
appendices) and the 20252 Single-Family Residential Compliance ManuaHEEE-460-2022-
006-EMF), 2025 Enerqy Code Accounting Methodology.

Detailed modeling information for the software user can be found in the California Building
Energy Code Compliance Residential (CBECC-Res) User Manual.

1.3 Compliance for Newly Constructed Buildings
Compliance for newly constructed buildings requires calculating the energy use of the

proposed design, erergy-tse;-and comparing it to the standard-desigr-energy budget of
the standard designuse;,and-thereference-design-energy-use. Energy use accounts for

regulated energy end uses, including space conditioning, water heating, and mechanical
ventilation. There may also be additional irternal-calculations to establish the standard
desigr-photovoltaics (PV) requirement of the standard design, and the respective PV

requirement of the proposed design-PV-seating. when-target-energy-designratings{EBR)

15



When the energy use of the proposed design is equal to or less than the energy budget of
the standard design, the proposed design complies with the stardards2025 Energy Code.
The compliance margin is the difference between the energy budget of the standard
design energydse-and the energy use of the proposed design-erergy-dse. When the
compliance margin is equal to or greater than zero-ergreater, the project complies with
the 2025 Energy Code.

The energy use of the proposed design and the energy budget of the standard design
isare expressed in units of Source Energy, Long-term System Cost (LSC);-Seuree, and
kilowatts-per-squarefoot-of conditioned-floer-area{kTDVAE)peak cooling energy. The LSC
consists of an Efficiency LSC, PV/flexibilityphotovoltaic and BESS LSC and Total LSC. These

metrics are descrlbed in qreater deta|I in the foIIowmq sections. aﬂdrEHeFew—use—aeeetm%s

The proposed building shall separately comply with the-sSource eEnergy budget
(expressed in British thermal units (BFJtus))-desigr+ating{EBRL), the eEfficiency LSC

(expressed in dollars)E-energy-design-rating{Efficieney-EBR2}, and the tTotal LSC

(expressed in dollars) -erergy desigh-rating{Fotal-EDR2).and peak cooling energy
(expressed in kilowatt hours (kWhs)). Ne-tradeoffsareallowed-between EDR1and EPR2:

1.4 Source Energy

The compliance software shall calculate the long-run marginal, hourly source energy use
for both the standard design and the proposed de5|qn as descrlbed in the equation below.

Source Energy = Z(Electricity Use; X SEkWh_l-) + Z(Gas Use; X SEgaS'l-)

Where:

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

SEwwh, i = The source energy factor for electricity in the it hour.

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

SEgas, i = The source energy factor for gas in the it" hour.

16



3-4HThe hourly source energy previded-by-the Energy-Commission-is used to determine

compliance. To comply through the performance compliance approach, the sSource

eEnerqgy use of the proposed design must be equal to or less than the sSource eEnergy

budget of the standard design. This applies to newly constructed buildings-andadditions
| itinabuildi - .

1.5 Long-term System Cost

The compliance software shall calculate the LSC for both the standard design and the
proposed design by applying an LSC factor for each hour of the reference year and
converting the predicted site energy use to LSCteef-California’s-energy-system. LSC
factors haves-been established by the Energy Commission for residential and
nonresidential occupancies, for each of the climate zones, and for each fuel type
(electricity, natural gas, and propane). The proeceduresfor-LSC approach is are
documented in more details in Reference Appendices, Joint Appendix JA3. The tTotal LSC
for a single-family residential project eensists-efcombines the LSC for all efficiency
measures (Efficiency LSC) and the LSC for all photovoltaic system, battery energy storage
systems, lighting, demand flexibility measures, and other plug loads{PV/flexibility LSEY as
described in the following equations:z

Total LSC = Efficiency LSC + Z(PVi X LSCrppns) + E(BESSi X LSCin.)

+ Z(Lunregulated,i X LSCiwn ;) + Z(DFi X LSCrwn,i) + Z(PLi X LSCrwn,1)
Ef ficiency LSC
= Z(sckwh’i X LSCiwn,i) + Z(scgasll- X LSCyqas;) + Z(Wﬂkwh,i X LSCrwn,;)
+ Z(WHgas,i X LSCyqs;) + Z(MVkWh'i X LSCiwn,;) + Z(Mvgas,i X LSCyqs,1)
+ z(SUC i X LSCiwn,;)
Where:

PVi = The energy generation of the photovoltaic system in the it" hour. Additional
informaiton 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 it hour.

Lunreguiated,i = Unregulated lighting energy used in the ith hour.
DF; = The demand flexibility energy in the ith hour.

PL; = Plug load energy used in the ith hour.

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

17



SCqas,i = The space-conditioning gas energy used in the it hour.
LSCqas, i = The LSC factor for gas in the it hour.

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

WHogas,i = The water heating gas energy used in the it hour.

MViwh,i = The mechanical ventilation electric energy used in the it hour.

MVgas,i = The mechanical ventilation gas energy used in the i hour.

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

Whether generated energy is used on site or exported to the grid will affect the

PV Hlexibilityphotovoltaic and BESS LSC. If energy is used on site the LSC factor is based
on the LSC factors as described in Reference Appendices, Joint Appendix JA3. If energy is
exported to the grid, then the LSC hourly export factors provided by the CEC are used.
These export factors represent the LSC avoided costs in each hour.

To comply through the performance compliance approach, the Total LSC, and the
Efficiency LSC of the proposed design must be equal to or less than the Total LSC, and the
Efficiency LSC of the standard design. This applies to newly constructed buildings,
additions to existing buildings-atene, addition plus alteration of existing buildings, and
alterations of existing buildings-prejeets.

1.6 Peak Cooling Energy

The compliance software shall calculate peak cooling energy for both the standard design
and the proposed design. -Peak cooling energy is the total annual mechanical cooling site
energy, in kWh, that occurs at peak hours between 4 pm and 9 pm-n-summermonths. To
comply through the performance compliance approach, the peak cooling energy of the
proposed design cannot be greater than 120% of the peak cooling energy of the standard
design. Peak cooling is applicable in climate zones 4 and 8 through 15.

1.7 Compliance for Additions and Alterations

Compliance for additions and alterations to existing buildings requires calculating the

energy use of the proposed design, -erergy-use-and the energy budget of the standard

design-energy-budget.

When the energy use of the proposed design is equal to or less than the energy budget of

the standard design, the addition or alteration or both comply with the standards2025
Energy Code. The compliance margin is the difference between the energy use of the

standard design erergy-use-time-dependent-valuation{LSCFBV3-and the energy budget of

the proposed design-energy-use{LSEFBV). When the compliance margin is zero or
greater, the project complies.
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The energy use is expressed in units eftheusandTBVY-KFBDVILSC per square foot of
conditioned floor area (KFBVLSC/ft?) and accounts for regulated energy end uses,

including space heating, space cooling, ventilation, and water heating. Unregulated energy
end uses are not included, such as interior lighting, appliances, cooking, plug loads, and
exterior lighting. PV generation and demand flexibility measures, such as battery_energy
storage_system (BESS), have no effect on additions and alterations_to existing buildings.
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1.8 Self-Utilization Credit

When a PV system is coupled with a battery-sterage-systemBESS, the compliance software
allows a portion of the PVfflexibilityphotovoltaic and BESS EBR2LSC and-Seuree-to be
traded against the Eefficiency EBR2LSCand-/Seudree. 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 2.1.5 Self-Utilization Credit.Seetior2-1-5-6—Sel-
Utitization Credit




1.9 Heat Pump Water Heating Load Shifting

Any Reference Appendices, Joint Appendix JA13-compliant HPWH will receive LSC credit
for each climate zone according to Error! Reference source not found.fable 25:-3JA13
HPWH Basic-Coentrel-Credit. The LSC percentage reduction is applied upon the completion
of the compliant simulation run. Note that this reduction only applies to the water heating
LSC values.

Table 125: JA13 HPWH Basic Control Credit

Climate Zone JA13 Credit (%
1 6.7
2 3.7
3 7.6
4 4.0
2 8.5
6 6.8
7 8.8
8 4.4
9 4.4
10 4.4
11 4.2
12 4.7
13 8.0
14 3.1
15 8.2
16 22.7
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1:4-11.10 Precooling

Precooling represents a program where special thermostats in homes receive signals from
the local utility that alter the occupant’s normal behavior to reduce air-conditioning energy
consumption during peak electricity demand periods. The house is precooled to a lower-
than-normal set point in the hours preceding the onset of the peak and then the
thermostat is returned to the normal setting for the peak period. The thermal mass of the
structure and furnishings absorbs the cooling load as the house warms up, allowing the
cooling system to remain off for most, or all, of the highest peak period hours.

CBECC-Res Pprecooling simulations alter the thermostat set points only during daylight
hours on days when the average daily outdoor temperature is greater than 78° F, and the
peak heurlyFBVelectricity values are in-the-top20-for-the-yearhigh. On those days, the
precooling period thermostat setpoint depends on the predicted outdoor temperature for
the day as plotted in Figure 1: Precooling Thermostat Set pointFigure—t.

Figure 1: Precooling Thermostat Set point
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Source: California Energy Commission

The savirgs-compliance credit due to Pprecooling are-is reduced to 30% of the LSC value
of perfect operation by708%-to account for unreliable occupant behavior that-might
reduce-its-effectiveness-in real-actual homes.
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2 Proposed; and- Standard;,-and-Referenee
Design

2.1 Overview

This chapter describes how-the-EDRs-are-caledlated,-how the proposed design is modeled,
and how the standard design is established.

2-1:22.1.1Proposed Design

The single-family residential building configuration is defined by the user through entries
that include floor areas, wall areas, roof areas, ceiling areas, window areas, skylight areas,
and door areas. The user also specifies performance characteristics such as R-values, solar
heat gain coefficient (SHGC), solar reflectance, and thermal emittance are required inputs.
Information about the orientation and tilt is also required for roofs, and exterior walls.
Details about the HVAC and water heating systems, as well as any solar generation systems
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and battery-sterageBESS, are also defined by the user. The user entries for all building
elements should be consistent with the actual building design. If the compliance software
models the specific geometry of the building by using a coordinate system or graphic entry
technique, the data generated should be consistent with the actual building design.

2:-132.1.2Standard Design

The standard design building, from which the energy budget is established, is in the same
location and has the same geometry as the proposed design, except the wall and window
areas are distributed equally among the four cardinal directions (north, east, south, and
west). For additions and alterations, the standard design shall have the same wall and
fenestration areas and orientations as the proposed building. The details are described
below.

The energy budget for the residential standard design is the energy that would be used by a
building simitartethat has all of the same features as the proposed design except the i#the
prepesed-building met-minimally meets 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 the prescriptive requirements from the Energy Code
Section 150.1(c)-efthe-Energy-Cede, Table 150.1-A. 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 JA2.1.1.

The following sections 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 Heme-Energy-Rating-System{HERS)Energy Code Compliance (ECC) rater or

are designated as a special feature, the specific requirement is listed on the CF1R.
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2-1:52.1.3Photovoltaics Requirements

The PV system requirements are applicable to newly constructed single-family residential
buildings_and-deseribedas specified in Section 150.1(c)14. PV system details are from

PVWWatts,-which-isa-web-applicationbased on the publicly available System Advisor Model
algorithms developed by the National Renewable Energy Laboratory. See Appendix F for

more information.

STANDARD DESIGN
The standard design PV system {based-en-California-flexible-installation fCF-assumptiens)
is sized according-to %he—aresen&raﬂve—table—maeeemeet the requwements of Sectlon

501(c)14 O
‘ fuel building ”| 2023 L. ] .
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For-P\f-system-sizing-calculations;, the-compliance-sefbwareassumesThe standard design is
based on an azimuth of the-CFl-erientatien-170 degrees, standard efficiency for modules,

inverter efficiency of 96 percent, fixed tracking, stardardzere-{excluding-horizen)-shadingno

shading except for horizon shading, roof tilt of 22.61 degrees (5:12 pitch), and annual solar

access pereentage-of 98 percent.

PROPOSED DESIGN

The proposed PV system is input by the user including sized-to-offset-the-entire-annual
lectrici . 4 desian.

FerP\-sizing-caleulations,the-software-ineludesby user-defined values for:

o Array erientatienazimuth of the actual installation, or irelading-choosing CFI1
(installation of 150-270 degrees), or CFI2 (installation of 105-300_degrees)-erthe

e Module type, including standard (for example, poly- or monocrystalline silicon
modules), premium (for example, high-efficiency monocrystalline silicon modules with

anti-reflective coatings);-erthinfilm-{in-otherwords,low-efficiecrey-suchas11
pereent).

e Inverter efficiency.

o Array-titin-degreeser+rRoof pitch-efthe-actualinstallation, or choosing CFI1 or CFI2
(installation up to 7:12).

e CFI2 reduces PV production by 10% compared to CFI1. 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.

The PV system size is reported in kWdc.
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- 2 E UseDetail

Compliance Summary CO2 Emissions Energy Design Rating Energy Use Details l CO2 Details I

Standard Design: Proposed Design: Compliance Margins:
Site Site EDR1 EDR2 Site Site EDR1 EDR2 EDR1 EDR2
End Use (KWh) {therms)  (kBtuffttyr)  (KTDV/RZyr) (KWh) {therms)  (kBtuffttyr)  (KTDV/tyr) | (kBtufyr)  (KTDV/f2-yr)
Space Heating 105 164.6 6.63 29.08 106 156.2 6.69 2932 -0.06 -0.24
Space Cooling 329 0.44 15.60 230 0.31 11.16 0.13 4.44
1AQ Ventilation 277 0.33 3.56 277 0.33 3.56 0.00 0.00
Water Heating 1.188 1.39 14.67 1,302 1.61 16.42 022 -1.75
Self Util/Flexibility Credit 0.00 0.00
Compliance Total 8.79 62.91 5.94 60.46 015 245
Photovonaics X397 -T.09 ~36.06 X397 .09 ~30.69 3-5-3
Battery 131 -1.74 -12.00
Flexibility
Inside Lighting 506 0.74 743 506 0.74 7.43
Appl. & Cooking 944 431 2.86 19.63 944 431 2.86 19.63
Plug Loads 2,026 259 27.07 2,026 259 27.07
Exterior 120 0.19 1.72 120 0.19 1.72
TOTAL 1.098 197.7 14.08 81.80 1,244 199.3 12.49 65.42
Total PV (kWh): 4,398 Total Export (kWh): 1,112 % Export: 253

* PV System resized to 2.81 kWdc (a factor of 1.406) to achieve "Standard Design PV' PV scaling

: « California-E : .
COMMUNITY SOLAR

For projects that use an approved Neighborhood Solar Shares (NSS) program to provide the
required PV_system, click the “Use Community Solar” checkbox on the EBR/PV tab and
select the NSS program from the drop-down list. The compliance software will automatically
use the PV characteristics of the NSS program site_and system to size the required NSS

shares P\V-system-for the building.

Figure 223: Community Solar
Project | Analysis EDR/PV | Battery | Notes | Building | Appliances /DHW | ADU | 1AQ |

v Use Community Solar  Project: | select CS project - ﬂ

Project ] Analysis PV l Battery l Motes l Building l Appliances / DHW l ADU ] 1AQ l

¥ Use Community Solar  Project: | select CS project - j

Source: California Energy Commission
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When the solar electric generation system meets one of the prescriptive exceptions_in
Section 150.1(c)14, the standard design is modeled with an-appropriately-sized-a PV system
dictated by the exception limit. The proposed design is-medeled-with-a-system size shall that
deesnoet-exceed the PV size required by the standard design._When the solar electric
generation system size is determined based on a limited SARA, the proposed design system
size shall not exceed the SARA-determined size.

VERIFICATION AND REPORTING
The PV system details are reported as special features on the CF1R.

2.1.4Battery Energy Storage_System

Detailed calculations for PV and battery-sterageBESS are included in Appendices C and D.
When a PV system and BESS are included on site, energy generated by the PV system

should first prioritize offsetting site energy usage, followed by charging the BESS to be
discharged to offset later site energy usage for load shifting, and lastly be-sentexporting to
the utility grid.

The compliance software provides credit for a battery-sterage-systemBESS, dependent on
the compliance cycling capacity as specified in Reference Appendices, Joint Appendix JA12,

coupled with a PV_system array. If specified, the battery-sterage-sizecompliance cycling
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capacity must be 5 kWh or larger. For Part-6Energy Code compliance,_the PV_system has no
effect on energy efficiency requirements or the Eefficiency EDR2LSC er-Seuree-unless a
battery-sterage-systemBESS is included, and the self-utilization credit is modeled.

The compliance Including-a-battery-storage-system-allows-dewnsizing-the P\

Ssoftware includes a checkbox option to allow excess PV system generation credit for
above-code programs_to the extent that excess generation is allowed by the utility. This

option, combined with a battery-sterage-systemBESS, allows any PV_system size with-to
impactful-EPR2 Total LSC and Source Energy credit.

BATTERY ENERGY STORAGE SYSTEM CONTROLS

The default control strategy used is the basic control strateqy as described in Referenced
Appendices, Joint Appendix JA12.

The controls for separate energy-storage-systemsBESS strategy as described in Reference
Appendices, Joint Appendix JA12 is provided as an alternative control strategy when an
enerqgy storage system is installed separate from an on-site solar photovoltaic system.

VERIFICATION AND REPORTING
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The P\V+equired-size-and-battery-system-storageBESS details are reported as special
features on the CF1R.

2.1.5Self-Utilization Credit

The 2822-Energy Code does not allow a tradeoff between the eEfficiency EBPR2LSC and
Seuree-and the effect of the PV system on the £Total EPR2LSC{Seuree unless battery
sterageBESS is provided. When the PV system is coupled with at least a 5 kWh battery
storage-system]A12 BESS, the compliance software allows a portion of the
P\Hlexibilibyphotovoltaic and BESS EPR2LSC and-Seuree-to be traded against the Eefficiency
EPR2LSC/Seuree. A modest self-utilization credit can be used for tradeoffs against building
envelope and efficiencies of the equipment installed in the building (Table 2: Self Utilization
CreditsTable1+Self Utilization-CreditsTable-1). A checkbox is provided in the compliance
software to enable this credit.

The magnitude of the credit is equal to the 90 percent of the difference between the 20252
and 2016 Standards envelope requirements.;reluding::

The following envelope features were used to represent the 20161 Standards:

e Below-deck batt roof insulation value of R-19-fer-the 2022-Standards,and-R-13 for the
2016-Standardclimate zones 4 and 8 — 16.

e Wall U-factor of 8:048-for-the 2022 Standardsand-U-factorof-0.051 for the 2016
Standards climate zones 1 — 5 and 8 — 16 and U-factor of 0.065 for climate zones 6 and
7.

e Window U-factor ef-0-3027forthe 20252 Standards,and-windew-U-factor-of 0.32 for the
2016-Standardsclimate zones 1 — 16.

o In-cooling-climatezones,-wWindow SHGC of 8:23ferthe-20252-Standards,—and-0.25 for
the2016-Standardsclimate zones 2, 4, and 6-16, and not required in climate zones 1, 3,

and 5.

o_QH—Feun}Femeﬁt—m—the—Zez—Z—staﬂdaFds,—and—HNo QII requirements-in-the2016-Standards.

The following envelope features were used to represent the 2025 Standards:

e Below-deck batt roof insulation value of R-19 for climate zones 4 and 8-16.

e Wall U-factor of 0.048 for climate zones 1 — 5 and 8 — 16 and U-factor of 0.065 for
climate zones 6 and 7.

e Window U-factor of 0.27 for climate zones 1 — 5, 11 — 14 and 16, and U-factor of
0.30 for climate zones 6 — 10 and 15.

e Window SHGC of 0.23 in climate zones 2, 4, and 6-14, SHGC of 0.20 for climate zone
15, and not required in climate zones 1, 3, 5, and 16.

e QII required in all climate zones.
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| Table 21: Self Utilization Credits
Climate Single-

Zone Family
01 1013%
02 2%
03 10+1%
04 9+1%
05 1311%
06 84%
07 46%
08 1016%
09 1013%
10 1013%
11 1013%
12 1014%
13 102%
14 10+2%
15 91+1%
16 12%

Source: California Energy Commission

Carbon Dioxide Emissions

| For every hour of the year, the compliance software calculates all energy end uses in the
house, including HVAC, water heating, indoor air quality (IAQ), plug loads, appliances, inside
and exterior lighting, and PV system generation. Based on these hourly calculations, the
software calculates phoetoveltaic-PV electricity generation that serves the house loads (which
reduces the electricity purchased from the grid) and the hourly exports back to the grid.
Next, the software applies source energy factors that represent the carbon dioxide (COy)
generation characteristics of the grid to the hourly kWh balances to calculate the CO-
generation for each hour of the year. Finally, the software totals the hourly results to yield
the annual CO; emissions in metric tons per year.

The software reports CO, generation for:

1. Total CO; generation.
2. CO; generation excluding exports to the grid (self-use only).

PealcCoolingicWh

10
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2.2 The Building

PROPOSED DESIGN

The building is defined through entries for zones, surfaces, and equipment. Zone types
include attic, conditioned space, crawl space, basements, and garages. The roof is defined
as either part of the attic or part of a cathedral ceiling (also called a rafter roof). The
software models surfaces separating conditioned space from exterior or unconditioned
spaces (such as a garage or storage) as interior surfaces adjacent to the unconditioned
zone. 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, and SHGC. The orientation and tilt (Figure 3: Surface DefinitionsFigure
4 Surface Definitions) 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 for single-family residential buildings, the compliance
software creates a building with the same general characteristics (number of stories,
attached garage, climate zone) and with wall and window areas distributed equally among
the four cardinal directions. Envelope and HVAC performance inputs are set to the
prescriptive requirements in Section_150.1(c) and Table 150.1-A for single-family residential
buildings. For additions and alterations, the standard design for existing features in the
existing building shall have the same wall and fenestration areas and orientations as the
proposed building. The details are below.

VERIFICATION AND REPORTING

All inputs that are used to establish compliance requirements are reported on the CF1R for
verification.
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Figure 334: Surface Definitions
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Source: California Energy Commission
2.2.1Climate and Weather

PROPOSED DESIGN

The user specifies the climate zone based on the zip code of the proposed building.
Compliance requirements, weather, design temperatures, and FBV-LSC of energy factors are
a function of the climate zone. Compliance software assumes that the ground surrounding
residential buildings has a reflectivity of 20 percent in summer and winter.

STANDARD DESIGN
The standard design climate zone is the same as the proposed design.

VERIFICATION AND REPORTING
The zip code and climate zone of the proposed design are reported on the CF1R for
verification.

12



20252 ACM Reference Manual The Building

2.2.2Standards Version

This input determines the appropriate federal appliance efficiency requirements for the
standard design to compare with the proposed design.

PROPOSED DESIGN
The user inputs Compliance 20263.

STANDARD DESIGN

The standard design cooling_and heating equipment efficiency is based on the federal
requirements_where applicable. A minimum SEER/SEER2-and, EER/EER2, HSPF2, Annual
Fuel Utilization Efficiency (AFUE) (ifas applicable) that meet the current standard for the
type of equipment are modeled.

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. Conseguently, the
maximum EER2 of heat pump equipment for cooling in the standard design is 11.2.

VERIFICATION AND REPORTING
Compliance version is reported on the CF1R.

2.2.3Existing Condition Verified

These inputs are used for additions and alterations. The standard design for existing
conditions varies based on whether the existing conditions are verified by an Home-Energy
Rating-System-(HERS)ECC rater before construction. See 2.10.5 Existing + Addition +
Alteration Approach Seetion-2:-16-5-Existing—+-Addition—+-Alteration-Approach-for more
information.

PROPOSED DESIGN

The user inputs either yes or no. “Yes” indicates that the existing building conditions has
been, or will be, verified by a HERSECC Rater. The default assumption is “*no.”

STANDARD DESIGN

The standard design assumption is based on the Energy Code Section150.2(b), Table 150.2-
GPB. If the user input is “no,” the standard design for the existing component is based on the
value in the second column (Standard Design Without Third Party Verification of Existing

13
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Conditions Shall be Based On). If the proposed design response is “yes,” the standard
design value for the existing components is the value in the third column (Standard Design
With Third Party Verification of Existing Conditions Shall be Based On).

VERIFICATION AND REPORTING

Verification of existing conditions is a special feature and is reported in the HERSECC-
required verification listings on the CF1R.

2.2.4Air Leakage and Infiltration

Air leakage is a building-level characteristic. 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.

Building Air Leakage and Infiltration (ACH50)

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.

Specific data on ACH50 may be entered if the single-family home or townhouse will have
verified building air leakage testing.

PROPOSED DESIGN

ACH50 defaults to 5 for newly constructed buildings in single-family houses and townhomes
and 7 for all other buildings that have heating and cooling system ducts, or both, outside
conditioned space, and for buildings with no cooling system. In single-family homes and
townhomes with no ducts in unconditioned space, the default ACH50 is 4.4 and 6.2 for all
other buildings.

Specific data on ACH50 may be entered if the single-family home or townhouse will have
verified building air leakage testing. User input of an ACH50 that is less than the default
value becomes a special feature requiring HERSECC verification.

STANDARD DESIGN

The standard design shall have five ACH50 for single-family homes and seven for other
buildings (ducted space-conditioning).

VERIFICATION AND REPORTING

When the user chooses verified building air leakage testing (any value less than the
standard design), diagnostic testing for reduced infiltration, with details and target values
modeled in the proposed design, is reported in the HERSECC-required verification listing on
the CF1R.
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Beﬂmng—Alr Net—Leakage Dlstrlbutlon

deﬁgﬁ—uaﬂg—the—btﬁlérF@—eleseFrp‘aen—Alr Ieakage is d|str|buted bv the compllance software

across the envelope surfaces according to the factors in Table 3: Air Leakage Distribution
(Percentage of Total Leakage by Surface)Ffable2:-Airteakage Distribution
éPereen%aqeeﬁFetaFteakaﬂebeStwﬁaee#abiea—N%Leakage—Dﬁ%Hmﬁeﬁ

For buildings modeled with multiple conditioned zones, either a 20-square-foot open door or
30-square-foot open stairwell (in a multistory building) is assumed between any two

conditioned zones.

Table 32: Air Leakage Distribution
(Percentage of Total Leakage by Surface)

Building Ceilings Floors Exterior House to
Configuration Walls Garage
Slab on Grade 50 0 N/A N/A
Raised Floor 40 10 N/A N/A
No Garage N/A N/A 50 0
Attached N/A N/A 40 10
Garage

Source: California Energy Commission

2.2.5Quality Insulation Installation

The compliance software user may specify quality insulation installation (QII) for the
proposed design as “yes” or “no.” The effective R-value of cavity insulation is reduced, as
shown in Table 4: Modeling Rules for Unverified Insulation Installation QualityFable-3:
Medeling-Rulesfor Unverified-TnsulationInstallationQuality Fable-3-in buildings with no QII.
When set to “no,” framed walls, ceilings, and floors are modeled with added winter heat
flow between the conditioned zone and attic to represent construction cavities open to the
attic. QII does not affect the performance of continuous sheathing in any construction.

PROPOSED DESIGN
The compliance software user may specify compliance with QII. The default is *no” for QII.

STANDARD DESIGN

The standard design is modeled with “yes” for verified QII for newly constructed single-
family residential buildings and additions greater than 700 square feet in all climate zones.

VERIFICATION AND REPORTING
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The presence of QII is reported in the HERSECC-required verification listings on the CF1R.
Verified QII is certified by the installer and field verified to comply with RA3.5. Credit for
verified QII 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 43: 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 Multiply the blown and batt insulation R-value/inch
Attic by 0.96-0.00347*R.

Ceilings Below Add a heat flow from the conditioned zone to the
Attic 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

2.2.6Number of Bedrooms

PROPOSED DESIGN

The number of bedrooms in a building is used to establish the IAQ mechanical ventilation
requirements and determine if a building qualifies as a compact building for incentive
programs. The number of bedrooms has a direct effect on water heating use.

STANDARD DESIGN
The standard design shall have the same number of bedrooms as the proposed design.

VERIFICATION AND REPORTING
The number of bedrooms is reported on the CF1R for use in field verification.

2.2.7Front Orientation
The input for the building front orientation is the actual azimuth of the front of the building.
This azimuth will generally be the side of the building facing the street or where the front
door is located. The orientations of the other sides of a building viewed from the outside
looking at the front door are called front, left, right, back, or a value relative to the front,
and the compliance software calculates the actual azimuth from this input.
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For homes that may be built in any orientation, such as a subdivision, multiple orientation
compliance can be selected for newly constructed buildings only. When selected the
software will model the building using the four cardinal directions (north, east, south, and
west).

PROPOSED DESIGN

The user specifies whether compliance is for multiple orientations or a site-specific
orientation. For site-specific orientation, the user inputs the actual azimuth of the front in
degrees from true north.

STANDARD DESIGN

The compliance software constructs a standard design building that has 25 percent of the
proposed model wall and window areas facing each cardinal orientation regardless of the
proposed model distribution of wall and window area.

VERIFICATION AND REPORTING

A typical reported value would be “290 degrees.” This value would indicate that the front of
the building faces north 70° west in surveyors’ terms. When compliance is shown for
multiple orientations, “all orientations” or “cardinal” is reported as on the CF1R, and the
energy use results are reported for four orientations including north, east, south, and west.

2.2.8Fuel Type

For newly constructed single-family residential buildings, the-standard-desighfuel-type-is

based-on-the-propesed-design-fuettype—Fthe user specifies natural gas if available (see
Energy Code, Section 100.1[b] for definition of Natural Gas Availability), or propane, if

natural gas is not available. The user also identifies the fuel type for cooking appliances,
clothes dryer, heating equipment, and water-heating equipment. This specification is to
establish the LSCFBY values from Reference Appendices, Joint Appendix JA3 used by the
compliance software to determine standard and proposed design energy use.

For projects with a run scope of “addition alone,” natural gas is available if a gas service line
can be connected to the site without a gas main extension. Natural gas is considered
available for additions or alteration projects or both if a gas service line is connected to the
existing building.

PROPOSED DESIGN
The user specifies either natural gas, or propane.

Standard Design

The standard design assumptions for space heating are as defined in2.4.1 Heating
Subsystems-Seetion-2:-4-1-Heating-Subsystems, and those for water heating are defined in
2.9 Domestic Hot Water (DHW)-Seetion-2-9-Demestic Hot-Water{DHW.
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2.2.9Attached Garage

The user specifies whether there is an attached garage. The garage zone is modeled as an
unconditioned zone (2.8Section-2-8-Garage/Sterage Garage/Storage).

PROPOSED DESIGN
The user specifies whether there is an attached unconditioned space or garage.

STANDARD DESIGN
The standard design has the same assumption as the proposed design.

VERIFICATION AND REPORTING

Features of an attached unconditioned space that affect compliance are reported on the
CF1R.

2.2.10Lighting

The details of the calculation assumptions for lighting loads included in Appendix E are
based on the Codes and Standards Enhancement (CASE) report on plug loads and lighting
(Rubin 2016, see Appendix F).

PROPOSED DESIGN

Fraction of portable lighting, power adjustment multiplier, and the exterior lighting power
adjustment multiplier (watts/ft> — watts per square foot) are fixed assumptions.

STANDARD DESIGN
The standard design lighting is set equal to the proposed design lighting.

VERIFICATION AND REPORTING
No lighting information is reported on the CF1R for compliance with Fitle24,Part-6the
Energy Code.

2.2.11 Appliances

The details of the calculation assumptions for appliances and plug loads contained in
Appendix E are based on the Codes and Standards Enhancement (CASE) report on plug
loads and lighting (Rubin 2016, see Appendix F).

PROPOSED DESIGN

All buildings with kitchens are assumed to have a refrigerator, dishwasher, and cooking
appliance. Optionally, buildings can have a clothes washer and clothes dryer in the
conditioned space. The user can select fuel type as gas or electric for the clothes dryer and
cooking appliance.

STANDARD DESIGN
The standard design appliances are set equal to the proposed appliances.

VERIFICATION AND REPORTING

18



20252 ACM Reference Manual Building Materials and Construction

No information for the appliance types listed above is reported on the CF1R for compliance
with Ftle24,+Part6the Energy Code.

2.3 Building Materials and Construction

2.3.1Materials

Only materials approved by the CEC may be used in defining constructions. Additional
materials may be added to the compliance manager through an exceptional method
application, as outlined in Section 10-109(e) and Section 10-110.

Table 5: Materials ListFable-4:-MaterialsListFable4 shows a partial list of the materials
available for construction assemblies.

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 54: Materials List
Material Thickness Conductivity Coefficient Specific Density R-

Name (in.) (Btu/h-°F- for Heat (Ib/ft3) Value
ft) Temperature (Btu/lb- per
Adjustment °F) Inch
of (°F-ft2-
Conductivity h/
(°F (-1)) Btu-in)
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 0.375 0.2 N/A 0.2 58 0.2
Stucco
3 Coat Stucco 0.875 0.4167 N/A 0.2 116 0.2
All other siding N/A N/A N/A N/A N/A 0.21
Carpet 0.5 0.02 N/A 0.34 12.3 4.1667
Light Roof 0.2 1 N/A 0.2 120 0.0833
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Material Thickness Conductivity Coefficient Specific Density R-

Name (in.) (Btu/h-°F- for Heat (Ib/ft3) Value
ft) Temperature (Btu/lb- per
Adjustment °F) Inch
of (°F-ft2-
Conductivity h/
(°F (-1)) Btu-in)
5 PSF Roof 0.5 1 N/A 0.2 120 0.0833
10 PSF Roof 1 1 N/A 0.2 120 0.0833
15 PSF Roof 1.5 1 N/A 0.2 120 0.0833
25 PSF Roof 2.5 1 N/A 0.2 120 0.0833
TileGap 0.75 0.07353 N/A 0.24 0.075 1.1333
SlabOnGrade 3.5 1 N/A 0.2 144 0.0833
Earth N/A 1 N/A 0.2 115 0.0833
SoftWood N/A 0.08167 0.0012 0.39 35 1.0204
Concrete N/A 1 N/A 0.2 144 0.0833
Foam varies varies 0.00175 0.35 1.5 Varies
Sheathing
Ceiling varies varies 0.00418 0.2 1.5 Varies
Insulation
Cavity Varies varies 0.00325 0.2 1.5 Varies
Insulation
Vertical Wall 3.5 0.314 0.00397 0.24 0.075 N/A
Cavity
GHR Tile 1.21 0.026 0.00175 0.2 38 N/A
ENSOPRO 0.66 0.03 0.00175 0.35 2 N/A
ENSOPRO Plus 1.36 0.025 0.00175 0.35 2 N/A
Door N/A N/A N/A N/A N/A 5

Source: California Energy Commission

COEFFICIENT FOR TEMPERATURE ADJUSTMENT OF CONDUCTIVITY

The conductivity of some materials varies with temperature according to the coefficient
listed. Materials that have a coefficient of zero{0} do 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).
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DENSITY
The density of the material is the weight of the material in pounds per cubic foot (Ib/ft3).

R-VALUE PER INCH
The R-value per inch is the resistance to heat flow for a 1-inch thick material.

2.3.2Construction Assemblies

“Constructions” are defined by the compliance software user to characterize the envelope
performance of the building. The user assembles a construction from one or more layers of
materials, as shown in Figure 4: Example Construction Data ScreenFigure-4:—Exampte
Construction-Data-SereenfFigure-5+—Example-Construction-Data-Sereen. 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 manager calculates a winter design U-factor that is compared to a 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.

Figure 445: Example Construction Data Screen

Construction Data I

Currently Active Construction: |R19 R5 Stucco Wall j

Construction Name: |R19 RA& Stucco Wall

Can Assign To: |Exteri0r‘u"u’a||s j

Construction Type: |Wood Framed Wall j

Caonstruction Layers (inside to outside)

Cavity Path Frame Path
Inside Finish: |Gypsum Board j |Gypsum Board j
Sheathing / Insulation: | no sheathing/insul. j | no sheathing/insul. j
Cavity / Frame: [R 19in 5-1/2 in_cavity (R-18) =] [2x6@16in O.C -
Sheathing / Insulation: |R5 Sheathing j |R5 Sheathing j
Exterior Finish: |Synthetic Stucco j |Synthetic Stucco j

[ MNon-Standard Spray Foam in Cavity

Winter Design U-value: 0.051 Btu/h-ft2-°F (meets max code 0.051 U-value (0.051))

Source: California Energy Commission
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ASSEMBLY TYPES

The types of assemblies are:
Exterior wall.
Interior wall.
Underground wall.
Attic roof.
Cathedral roof.
Ceiling below attic.

Interior ceiling.cens
Interior floor.

Exterior floor (over unconditioned space or exterior).
Floor over crawl space.

CONSTRUCTION TYPE
The types of construction are:

Ceiling below attic (the roof structure is not defined here, but is part of the attic),
wood-framed. 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 (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 2.6.2S5ection2-6-2Ceiling Belew-Attic Ceiling Below
Attic.

Cathedral ceiling (with the roof defined as part of the assembly), wood-framed. Since
there is no attic, the roof structure is connected to the insulated assembly at this
point.

Roof, structurally insulated panels (SIP).
Walls (interior, exterior, underground), wood- or metal-framed, or SIP.
Floors (over exterior, over crawl space, or interior).

Party surfaces separate conditioned space included in the analysis from conditioned
space not included in the analysis. 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.
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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 carpet whose properties are not
compliance variables are included as generic layers with standard thickness and properties.

Walls separating the house from an attached unconditioned attic or garage are modeled as
interior walls with unconditioned space as the adjacent zone, which the compliance manager
recognizes as a “demising wall.” Floors over a garage are modeled as an interior or demising
floor. The exterior walls, floor, and ceiling/roof of the garage are modeled as part of the
unconditioned garage zone.

STANDARD DESIGN

The compliance software assembles a construction that meets the prescriptive standards for
each user-defined construction or assembly.

VERIFICATION AND REPORTING

All proposed constructions, including insulation, frame type, frame size, and exterior finish
or exterior condition, are listed on the CF1R. Nonstandard framing (for example, 24” on
center wall framing, advanced wall framing) is reported as a special feature.

2.3.3Spray-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 2.3.3Seetien2:3-3
Spray-Feam-Insulation Spray-Foam InsulationSpray-Feam-Insulation and Reference
Appendices, Residential Appendix RA3.5.) Additional documentation and verification
requirements for a value other than the default values shown in Table 6: Required Thickness
Spray-Foam Insulation (in inches)¥able-5+Required-Thicknress-Spray-Foam-Insulation{in
inches)YTable 5+ Regquired-Thickness-Spray-Feam-Insulation-{indnehes) are required. (See
details in Reference Appendices, Residential Appendix RA3.5.6.)
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Table 65: Required Thickness Spray-Foam Insulation (in inches)
1-Required
Equivalent R-

values for SPF  2:11 3:13 415 5:19 6:21 722 8:25 930 10:38
iInsulation R1tf R13 R15 R19 R21 R22 R-25 R-30 R38
+1:Required 12:2. 13:2. 14:2. 15:3. 16:3. 1744, 18:4. 19:5. 20:6.756
thickness closed 0028 2522 7527 5035 7537 0046 5045 2552 =75
cell @ R5.8/inch 0 5 5 0 5 0 8] 5

21:Required 22:3. 23:3. 24:4. 2B5. 26:5. 2746. 28:6. 29:8. 36:10.6%
thickness open 036 535 242 353 858 161+ 969 3 06

cell @ R3.6/inch

Source: California Energy Commission

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-{pef).

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 pounds per cubic foot-{pef}.

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

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 CF1R requiring documentation
requirements specified in Reference Appendices, Joint Appendix JA4.1.7. Furthermore, a
HERSECC Vverification requirement for the installation of spray-foam insulation using higher-
than-default values is included on the CF1R.

2.4 Building Mechanical Systems

A space-conditioning system (also referred to as HVAC system) is made up of the heating
subsystem (also referred to as “heating unit,” “heating equipment,” or “heating system”);
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"\

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 at the building level
for single-family residential buildings. (See also 2.4.10Section2:4-10-Indoor-AirQuality
Ventilatien Indoor Air Quality Ventilation and 2.4.11 Ventilation Cooling SystemSeetien
2411 -Ventilation-Cooling-System:)

2.4.1Heating Subsystems

The heating subsystem describes the equipment that supplies heat to a space-conditioning
system. Heating subsystems are categorized according to the types shown in Table 7: HVAC
Heating Equipment Typestable-6:-HVACHeating-EquipmentTypestable A HVAC Heating
EqtipmentTypes and Table 8: Heat Pump Equipment Typestable#HeatPump-Equipment
TypesTable 8: Heat Pump-EquipmentTypes. A conversion factor is used to convert heating
seasonal performance factor (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.

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 calculated to
meet with-a47°Frating-thatis-110 percent of the heating load {at the heating design
temperature). If the maximum heat pump heating capacity is insufficient to meet the load
during any #imestephour in the simulation, the unmet portion of the load weuld-be-is met
by baekupsupplemental heating. BaekupSupplemental heat is disabled for homes greater
than 500 square feet located in Climate Zones 1-6, 8-14, and 16 when the outdoor air
temperature is above 35 °F¥heexeeeaeﬁ—5+hat—baek&a4%eat—s—d+sab+ed—when+heeatdeer

exeeat—GHmate—ZenesJ—aad—l% BaekueSuppIementaI heat is provided by electrlc re5|stance
in the standard design. In the proposed design, baekapsupplemental heat is provided by
electric resistance except in the case of dual fuel heat pumps where baekup-supplemental
heat is provided by gas. In the standard design case, the dual fuel heat pump will be
disabled when the outside air temperature is below 45 °F, while the user will identify this
temperature for the proposed design.

A parasitic load for the heat pump crankcase heater (CCH) is modeled and-the-capacity-is
caledlated as 33 Watts for systems with a capacity under 3 tons and 11 Watts per ton for

systems with a capacity 3 tons or larger. The CCH operates whenever the outdoor dry bulb
temperature is below 50°F and the compressor is not operating.

Defrost for the heat pump occurs between 45°F and 17°F outdoor temperature with electric
resistance auxiliary heat assumedused to compensate for heat lost during the defrost cycle.
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PROPOSED DESIGN
The user selects the type of heating subsystem and supplies required inputs for the heating

subsystem, including the apprepriately-rated heating efficiency. Exceptfor-heat-pumps;

tThe rated heating capacity is not used as-a-compliance-variable-by the compliance
software_to size the standard design system.

When the proposed space-conditioning system is a heat pump, the user specifies the rated
heating capacity at 47°F and 17°F for the heat-pump compressor. The capacity is used to
determine the effect of backup electric resistance heat in the simulation. The specified
capacities are listed on the CF1R for verification by a HERS Rater.Grankease-heater-energy

STANDARD DESIGN

The standard de5|gn heatlng subsystem is a—heat—ptmarp—if—the—pfepesed—matekheaaﬁg

buﬂdmg—s—aan electrlc spI|t system heat pump W|th default ducts in the attic and a heatlng

seasonal performance factor ( HSPF2) meeting the eurrenrt-Applance-Efficiercy
Regutations-minimum efficiency for heat pumps_as defined in the Appliance Efficiency

Regulations.
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Prepesed-Desigh Standard-Design

ClimateZenes1—2,5—12and15-16 80-percent-AFUEcentral-furnace,default
duet

ClimateZenes3—4,and13—14 80-percent-AFUEcentral-furnace,default

i heat o i duet

gas-fired-system)

fifthe-water-heating-system-isagas- pump;,auto-size-capacity,default-duet

fired-system)

.  CaliforniaE - o

VERIFICATION AND REPORTING
The proposed heating subsystem type and rated efficiency are reported in the compliance

document aﬂen—eﬁ—the CF1R. Fe%heat—p&mps—mﬂmeh—are—wpp@%eﬂted—by—eleetﬁe

eapaeﬁes—reperted—ﬁe%medeled—a%‘ﬁ—aﬁd—H—GM%%Measures requiring verlﬁcatlon

are listed in £Table 10: Summary of Space Conditioning Measures Requiring Verification,
and} are also listed in the ECC verification section efon the CF1R.

Table 767#: HVAC Heating Equipment Types
Name Heating Equipment Description

CntrlFurnace 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%_when
manufactured before December 18, 2028 and 95% when
manufactured on or after December 18, 2028. Distribution can be
gravity flow or use any of the ducted systems.

PkgGasFurnace  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.

WallFurnace Noncentral gas- or oil-fired wall furnace, gravity flow. Equipment has
Gravity varying efficiency requirements by capacity. Distribution is ductless.

WallFurnace Fan Noncentral gas- or oil-fired wall furnace, fan-forced. Equipment has
varying efficiency requirements by capacity. Distribution is ductless.

FloorFurnace Noncentral gas- or oil-fired floor furnace. Equipment has varying
efficiency requirements by capacity. Distribution is ductless.
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Name
RoomHeater

WoodHeat

Boiler

Electric

CombHydro

pump

Source: California Energy Commission

Name
SplitHeatPump

Heating Equipment Description

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).

Table 878: Heat Pump Equipment Types
Heat Pump Equipment Description

Central split heat pump system. Distribution system is one of the
ducted systems.

SDHV-SplitHeat-Pump  Small-duct, high-velocity, central split-system that produces at

Ductless-MiniSplit
HeatPump

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 minutefpm 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.
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Name

Ductless-MultiSplit
HeatPump

DuctlessVRF

HeatPump

PkgHeatPump

LrgPkgHeatPump

RoomHeatPump

SglPkgVertHeatPump

PkgTermHeatPump

DuctedMiniSplitHeat
Pump

DuctedMultiSplitHeat
Pump

Ducted+DuctlessMulti
SplitHeatPump

Heat Pump Equipment Description

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 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.
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Name Heat Pump Equipment Description

AirToWater-HeatPump An indoor conditioning coil, a compressor, and a refrigerant-to-
water heat exchanger that provides heating and cooling
functions. May also have the ability to heat domestic hot water.

Ground-Source An indoor conditioning coil with air-moving means, a compressor,

HeatPump 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.

Variable-Capacity VEHP—Meets all the requirements of the ¥EHP-Variable
Heat-Pump Capacity Heat Pump Compliance Option or meets performance
values specified in the Northeast Energy Efficiency Partnerships,

Inc. INEEP)-database.

Single-zone-dDual Single-zone dual fuel heat pump system with constant volume
fFuel-Hheat-pPump fan, direct expansion heat pump cooling and heating, and gas
supplemental heating.

HeatPumpDHWCombo Combined space heating and domestic water heating system
tharvest thermab.

Source: California Energy Commission

-Variable-Capacity Heat Pump

The performance of variable capacity heat pumps (VCHP) depends on outdoor dry bulb
temperature, compressor speed, entering air conditions, and equipment controls.

Detailed performance of VCHP equipment shall be based on statistical analysis of entries in
the Northeast Energy Efficiency Partnerships, Inc. (NEEP) cold climate air source heat pump
database, and AHRI 210/240-2023 certified rating data as described in Appendix H.

Heating performance shall remain constant for temperatures above 47 F. Cooling
performance shall be linearly extrapolated for temperatures below 82 F and above 95 F.

All values shall be converted to gross capacities within the model. The operational capacity
is defined by the combination of heating or cooling load in the space, heat loss or gain due
to duct losses, and heat gain due to air handler fan energy. When the unit is cycled, a
degradation coefficient of 0.25 shall be applied for both heating and cooling.

When the capacity required of the VCHP to meet the building load and overcome duct
losses is greater than the minimum capacity, it is assumed the VCHP operates continuously
using interpolated performance based on the required capacity. When the required capacity
is less than the minimum capacity, it is assumed that the VCHP is operating at minimum
capacity and cycling. Indoor airflow is assumed to modulate in proportion to the VCHP
capacity. 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.
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Normalized data from the NEEP database as described in Appendix H shall be used to
translate from AHRI certified rating data to full performance at all combinations of
compressor speed and outdoor dry bulb temperatures. Appendix H also includes eligibility
criteria for modeled VCHPs.

2.4.2Combined Hydronic Space/Water Heating

Combined hydronic space/water heating is a system whereby a water heater is used to
provide space heating and water heating. Dedicated hydronic space-heating systems are
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also a modeling capability. Space-heating terminals may include fan coils, baseboards, and
radiant floors.

For combined hydronic systems, the water-heating portion is modeled normally. 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 2.4.7Seetion2-4-7Distribution-Systems
Distribution Subsystems. Duct efficiency is accounted for when the distribution type is
ducted.

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:

AFUE ;s = RE — — @B#Equatlon 1

Where:
AFUEgff = 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 appliance directory.

PL

Pipe losses (kBtu/h). This can be assumed to be 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.

RI = The rated input of the gas water heater (kBtu/h) available from the CEC
appliance directory.

Instantaneous Gas Water Heater

When instantaneous gas water heaters are used in combined hydronic applications, the
effective AFUE is given by the following equation:
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AFUE ;;; = UEF%_Equation 2
Where:
AFUEgff = 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.
Storage Electric Water Heater

The_effective HSPF2 of the storage electric water heaters used for space heating in a
combined hydronic system is given by the following equations.

PL

HSPF2,;; = 3.413 (1 - )eEquation 3

3.413xkWi

Where:

HSPF2¢ff = The effective HSPF2 of the storage 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.

kWi = The kilowatts of input to the water heater available from the CEC's appliance

directory.

STANDARD DESIGN

When a hydronic system used for heating is proposed to use electricity, the heating
equipment for the standard design is an electric split-system heat pump with an 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.

2.4.3Special 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
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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 2.4.1Seetion2-4-1Heating-Subsystems Heating Subsystems.

VERIFICATION AND REPORTING
A hydronic or combined hydronic system is reported on the CF1R.

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 Pjpe 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-fE-° F/Btu). The installed R-value of the pipe insulation.
Minimum pipe insulation for hydronic systems is as specified in Section 150.0(j).

2.4.4Ground-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. 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.

2.4.5Air-to-Water Heat Pumps
Air-to-water heat pumps (AWHPs) must be listed in the Title 20 MAEDDS 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 would be treated with a 2 percent reduction in hourly heating energy use and
an 8 percent reduction in hourly cooling energy use relative to the prescriptive air source
heat pump.

2.4.6Cooling Subsystems

The cooling subsystem describes the equipment that supplies cooling to a space-
conditioning system.
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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 thedargerof-110 percent of the heating load or 110 percent of the cooling load,
whichever is larger.

A parasitic load for the air--conditioner crankcase heater (CCH) is modeled ard-the-capacity
iscalewlated-as 30 Watts for systems with a capacity under 3 tons and 10 Watts per ton for
systems with a capacity 3 tons or larger. The CCH operates whenever the outdoor dry bulb
temperature is below 50°F and the compressor is nhot operating.

PROPOSED DESIGN

Cooling subsystems are categorized according to the types shown in Table 9: HVAC Cooling
Equipment Types (Other Than Heat Pumps) and in Table-9:-HVAC-Cooling-EqtipmentTypes
{OtherThanHeatPumps)yandin-Table 8: Heat Pump Equipment TypesTable #HeatPump
EquipmentTypes. The user selects the type of cooling equipment and supplies required
inputs for the cooling subsystem, including the rated cooling efficiencyenters-basie
information-to-model-the-energy-use-of- the-equipment. EntertThe cooling equipment type
and additional information is based on the equipment type and zoning, such as the
SEER/SEER2 and EER/EER2. 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 equipment, the conversion factor is
1.00; and for space-constrained equipment, the conversion factor is 1/0.99 to convert
SEER2 to SEER2. For some types of equipment, the user may also specify wia-through
checkboxes if the equipment has a multispeed compressor and if the system is zoned or not
via-eheekbexes. 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.

See sections below for the details of specific inputs.

STANDARD DESIGN

The cooling subsystem for the standard design building is a rerzenal-centrelsingle zone
system;ducted split-heat pump-system dueted-for cooling-system meeting the minimum
requirements of the Appliance Efficiency Regulations.

For heat pumps less than 45,000 BTU the EER? 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
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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.

and-8—15-forall-systems: Mandatery-fFan efficacy meeting

mandatory requirements is assumed in all climate zones.

the 2025 Energy Code’s

Table 989: HVAC Cooling Equipment Types (Other Than Heat Pumps)
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 eguivalent-building-and the
proposed design use the same default. (Rrefer to_2.4.9 No
Cooling-Seetion-2:4-9-3-No-Coeeling)

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.

SDHVSplitAirCond Small-duct, high-velocity, split air-conditioningA#€ system.

DuctlessMiniSplitAirCond  Ductless minisplit air-conditioningA#€ 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.

DuctlessMultiSplitAirCond  Ductless multisplit air-conditioningA#€ system having an
outdoor section and two or more indoor sections. The indoor
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Name Cooling Equipment Description

sections operate independently and can be used to condition
multiple zones in response to multiple indoor thermostats.

DuctlessVRFAirCond Ductless variable refrigerant flow (VRF) air-conditioningA#€
system.
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Name
SglPkgVertAirCond

PkgTermAirCond

DuctedMiniSplitAirCond

DuctedMultiSplitAirCond

Ducted+DuctlessMulti
SplitAirCond

RoomAirCond

EvapCondenser

Cooling Equipment Description

Single-packaged vertical air-conditioningAf€ 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+ated-using
ANSHAHRIE396(1-P)-2003-

Packaged terminal air-conditioningAf€ (PTAC) is a self-
contained cooling system that is installed through the wall.

These systems do not use ducts.Fhey-arerated-using-AHRI
310/380-2017

Ducted minisplit air-conditioningA#€ 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 multisplit air-conditioningA#€ 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 multisplit air-
conditioningA#€ 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
other than a packaged terminal air conditioner that is
installed through the wall_for the purpose of providing
delivery of conditioned air to an enclosed space. These

systems do not use ducts. Fhey-are+ated-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._This system must
conform with RA4.3.2.

Source: California Energy Commission

VERIFICATION AND REPORTING
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Information shown on the CF1R includes cooling equipment type and cooling efficiency
(SEER/SEER2 or EER/EER2 or both). Measures requiring verification {are listed in Table 10:
Summaw of Space Cond|t|on|nq Measures Requmnq VerlﬁcatloniFable—Q—Stmﬁa%v—ef—Saaee

Measufes—Reewm—VeHﬂeaﬂen} and afe—lﬁted—ln the HERSECC verlflcatlon sectlon ef—on
the CF1R.

Verified Refrigerant Charge or Fault Indicator Display

Proper refrigerant charge is necessary for electrically driven compressor air-conditioning and
heating systems to operate at full capacity and efficiency. For cooling, compliance
Ssoftware 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, compliance
software calculations set the heating compressor efficiency multiplier to 0.92 to account for
the effect of improper refrigerant charge or 0.96 for proper charge.

PROPOSED DESIGN

The compliance software allows the user to indicate if systems will have diagnostically
tested refrigerant charge or a field-verified fault indicator display (FID). This allowance
applies only to ducted split-systems,-and packaged air-conditioners, and heat pumps.
Refrigerant charge verification is required by Section 150.1(c) and Table 150.1-A for the
proposed cooling system type.

STANDARD DESIGN

The standard design building is modeled with either a diagnostically tested refrigerant
charge or a field-verified FID if—the—bu+lel+ng—|s—|n CI|mate Zones 2 or 8-15 for air--
conditioners in all homes-— iti
floerarea-orless. For heat pumps m—aH—e%hethemes—dlaqnostlcallv tested, refrlqeran
charge or a field-verified FID is modeled in all climate zones except for homes Elimate
Zones1-5-and-8-16 lessgreater than 500 square feet of conditioned floor area.

VERIFICATION AND REPORTING

Refrigerant charge or FID require field verification or diagnostic testing and is reported in
the HERSECC-required verification listings on the CF1R. Details on refrigerant charge
measurement are discussed in Reference Appendices, Residential Appendix RA3.2.
Information on the requirements for FIDs areis in Reference_Appendices, Joint Appendix
JA6.1.

Table 109108: Summary of Space Conditioning Measures Requiring Verification

Measure Description Procedures

Verified Air-cooled air—eenditionersand-air-seuree-heat RA1.2, RA3.2

Refrigerant pumpsmust-be-tested diagnosticallyte-verify

Charge that-the-system-has-thecorrectrefrigerant
charge—The-system-must-alse-meet
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Measure Description Procedures
conditioners, and air-source heat pumps must
be tested diagnostically to verify that the
system has the correct refrigerant charge and
meets the system airflow requirement.
Verified-Faul ) a . . RA3 4
IndicatorDisol I_nleallllaEllsn E.Fl. 1 II a-faut ||||5I|5a Els_| display-can-be

F - —ll I I. _

Verified System  Whenr-compliancerequires-verified-sSystem RA3.3
Airflow airflow must be verified to be greater than or

equal to a specified criterion.
Verified Air- Fo-verify-thatfFan efficacy (watt/CFM) must RA3.3
Handling Unit be verified to beis equal to or less than_a
Fan Efficacy specified criterion.
Verified ICreditfor-inereased-eEfficiency of by RA3.4.4.1

HSPRF/HSPF2, installatien-of specific-installed air-conditioner
SEER/SEER2 or  or heat-pump models_modeled for compliance

EER/EER2 credit must be verified.

Verified Heat Optional verification of heat-pump system RA3.4.4.2
Pump Capacity  capacity.

Evaporatively Must-be-combined-with-vVerification of duct RA3.1.4.3,

Cooled leakage-testing, refrigerant charge, and RA3.2, RA3.4.3,
Condensers verifiedEER/EER?2 is required for compliance RA3.4.4.1
credit.
Whole-House When verification of the whole-house fan is RA3.9
Fan selected or required, airflow, watt draw, and
capacity are verified.
Central Fan When compliance includes this-type-efcentral  RA3.3.4
Ventilation fan ventilation cooling, airflow and fan efficacy

Cooling System  are verified.

Source: California Energy Commission

Verified System Airflow

Adequate airflow to the conditioned space is required te-altewfor ducted air-conditioning
systems to operate at full efficiency and capacity. Air-distribution system Efficierey

efficiency is achieved by the-air-distribution-system-design-by-improvincreasing the
efficiency of motors or by designing and installing air distribution systems thathavewith less
resistance to airflow. Compliance sSoftware calculations account for the effect of airflow on
sensible heat ratio and compressor efficiency.
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Section 150.0(m)13 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. Compliance credit is calculated for

Values-systems with airflow rates greater-higher than the required CFM/ton-may-be-input

for-compliance-—€redit, and the airflow rates must be and-verified by reguire-diagnostic
testing using procedures in Reference Appendices, Residential Appendix RA3.3.

For single-zone systems:

e As an 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
150.0-B or C 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_CF2R.

o If a~valueairflow rates 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
150.0-B or C 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 alternative return duct design method using Fhe-Table 150.0-B or C 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 condltlonlng
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The default cooling airflow rate is 350 CFM/ton-fer-systems-ether-than-small-ductthigh-
velecity-types-or 250-CFM/Aten-for-small-ducthigh-velocibysystems. 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 inef Reference Appendices, Residential Appendix RA3.3.

STANDARD DESIGN

The standard design shall assume a system that complies with the mandatory (Section
150.0) and prescriptive (Section_150.1) 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 CF1R. When there is no cooling system, itthe
verified airflow rate is reported on the CF1R as a special feature.

Verified Air-Handling Unit Fan Efficacy

The mandatory requirement in-Seetien156-8(m)13-+s-for minimum an-air-handling unit fan
efficacy is equalte-ertessthan-0.45 watts/CFM for gas furnace air-handling units, 0.58
watts/CFM for air-handling units that are not gas furnaces, and 0.62 Wwatts/CFM for small-
duct, high-velocity systems as verified by an HERSECC Rater, see Section 150.0(m)13.
Users may model a lower fan efficacy (Wwatts/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:

¢ Installers may elect to use an alternative to HERSECC verification of the watts/CFM
required by Section_150.0(m)13: HERSECC verification of a return duct design that
conforms to the specification given in Table 150.0-B or C.

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 a value less than the watts/CFM required by Section_150.0(m)13 is modeled by the
software user for compliance credit, the alternative return duct design method using
Table 150.0-B or C is not allowed for yse-in-demonstrating compliance.

e Multispeed or variable-speed compressor systems must verify fan efficacy
(watts/CFM) for system operation at the maximum compressor speed and the
maximum air handler fan speed.

For zonally controlled systems:
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e The alternative return duct design method usingFhe Table 150.0-B or C returrduet

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 (watts/CFM) by operating the system
at maximum compressor capacity and maximum system fan speed with all zones
calling for conditioning.

e 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 Wwatts/CFM, depending on the applicable system
type, as described above. 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 Wwatts/CFM is assumed.

STANDARD DESIGN
The standard design shall assume a verified fan efficacy equal to or less than the following:

¢ 0.45 Wwatts/CFM for gas furnace air-handling units, as well as air-handling units that
are not gas furnaces and have a cooling capacity less than 54,000 BTU/h.

¢ 0.58 Wwatts/CFM for air-handling units that are not gas furnaces and have a cooling
capacity greater than or equal to 54,000 BTU/h.

e 0.62 Wwatts/CFM for small duct high velocity forced air systems.

VERIFICATION AND REPORTING

For user inputs lower than the default mandatory requirement, fan efficacy is reported in
the HERSECC-required verification listings of the CF1R.

For default mandatory 0.45, 0.58, or 0.62 watts/cfm, the choice of either fan efficacy or
alternative return duct design according to Table 150.0-B or C is reported in the HERSECC-
required verification listings of the CF1R.

No cooling system is reported as a special feature on the CF1R.
Verified Energy Efficiency Ratio (EER/EER2)

PROPOSED DESIGN

The compliance Seftware-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,

the user W|II enter the EER-}EERZ ?he%ﬁﬁﬁaﬁeeLEﬁﬁefeﬁefReg&/aﬁeﬁs—reqtﬂfe—a—nmmm&m

defauk—nmmmum EER/EERZ is used—|s—|t—|=e1.=>efted—as—an HER—SECC verlﬂed measure. A
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conversion factor is used to convert EER2 to EER2 ratings for modeling. For all ai-
eonditionrerscooling 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 equipment 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

The standard design is based enthe-defaulton minimum efficiency EER/EER2 for the type
of cooling equipment modeled |n the proposed de5|gn based on the appllcable App//ance
Eff/C/ency Regu/at/ons i y

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/EER?2 higher-than-the-default-minimum-efficieney-is modeled in the compliance
software, the EER/EER2 requires field verification. The EER/EER2 rating is verified using

rating data from the AHRI Directory of Certified Product Performance website or another
directory of certified product performance ratings approved by the CEC for determining
compliance. Verified EER2 is reported in the HERSECC-required verification listings on
the CF1R.

Verified Seasonal Energy Efficiency Ratio (SEER/SEER?2)

PROPOSED DESIGN

The compliance software allows the user to specify the SEER/SEER2 value. A conversion
factor is used to convert SEER to SEER2 ratings for modeling. For split-system equipment
the conversion factor is 0.95; for single-package equipment the conversion factor is 0.96;
for small-duct high-velocity equipment the conversion factor is 1.00; and for space-
constrained equipment the conversion factor is 0.99 to convert SEER to SEER2.
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STANDARD DESIGN

The standard design is based on the default minimum efficiency SEER/SEER2 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.

VERIFICATION AND REPORTING

If a SEER/SEER2 higher than the default minimum efficiency is modeled in the compliance
software, the SEER/SEER2 requires field verification. The higher-than-minimum
SEER/SEER? 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? is reported in the HERSECC-
required verification listings on the CF1R.

Verified Evaporatively Cooled Condensers

PROPOSED DESIGN

Compliance Seftware-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_150.1(c) and Table 150.1-A.

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 CF1R.

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. Bi i ii i i
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coolers must comply with RA4.3.2:

e Be indirect or indirect-direct evaporative cooling; direct evaporative cooling is not
allowed to be used for compliance

e Listed under Title 20 Appliance Standards

e Certified to the Commission that water use does not exceed 7.5 gallons per ton hour
based on Title 20 Appliance Standards testing criteria

e Permanently installed

e Provide automatic relief of supply air from the house with maximum air velocity
through relief dampers not exceeding 800 feet per minute

e Bleed systems not allowed

e A water quality management system is required

PROPOSED DESIGN

Compllance Software shall allow users to specn’y one of three types of evaporative cooling:
:-(12) indirect; or

(23) indirect-direct. Product speC|f|cat|ons and other modellng details are found in the CEC

appllance d|rectory for evaporatlve coollng D+Feet—systeﬁ=i—t=y|9es—afe—a551gned—an—ef-ﬁe|eﬂey

system—eype—s—evaeeratwe—dﬁeet—For |nd|rect or |nd|rect direct, seIect the approprlate type

from the CEC appliance directory and input a 13 EER as well as the airflow and media
saturation effectiveness or cooling effectiveness from the CEC appliance directory.

STANDARD DESIGN

The standard design is based on a split-system air--conditioner meeting the requirements of
Section_150.1(c) and Table 150.1-A.

VERIFICATION AND REPORTING

e#rem%ewafehmewn—m—ﬂee—aﬁareeﬁate—seeee&eﬁthee%R—When |nd|rect or |nd|rect direct
evaporative cooling is modeled, the EER/EER?2 verification is shown in the HERSECC

verification section onef the CF1R, along with the system type, airflow, and system
effectiveness.

2.4.7Distribution 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.
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For duct efficiency calculations, the supply duct begins at the exit from the furnace or air-
handler cabinet.

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 locations listed in- Table 11: HVAC Distribution Type and Location
Descriptorstable16+HVAC -Distribution-Type-and-tocation-Descriptorstable 11 HVAC
DistributionType-andlocation-Deseripters. For ducted systems, the default location of the
HVAC ducts and the air handler are in the attic.
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Table 1110811: 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

Source: California Energy Commission

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 Appendices, Residential
Appendix RA3.1.4.3.8.

Ducts with different supply and return duct
locations.
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Table 121112: Summary of Verified Distribution Systems

Measure Description Procedures
Verified Duct Mandatory measures require that space- RA3.1.4.3
Sealing 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.

Verified Duct Compliance credit can be taken for improved RA3.14.1,
Location, supply duct location, reduced surface area, and R- 3.1.4.1.1
Reduced Surface value. Field verification is required to verify that
Area and R-value 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

QII is required, as well as duct sealing.

Low-Leakage When the standards specify use of the procedures RA3.1.4.3.8
Ducts in in Reference Appendices, Residential Appendix

Conditioned RA3.1.4.3.8 to determine if the space-conditioning

Space 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.
Hydronic Delivery Compliance credit can be taken for hydronic RA3.4.5
in Conditioned delivery systems with no ducting or piping in
Space unconditioned space. For radiant ceiling panels,

the verifications in Reference Appendices,
Residential Appendix RA3.4.5 must be completed
to qualify.

Low-Leakage Air- Compliance credit can be taken for installing a RA3.1.4.3.9
Handling Units 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

Verified Return Verification to confirm that the return duct design  RA3.1.4.4
Duct Design conforms to the criteria given in Table 150.0-B or

Table 150.0-C. as an alternative to meeting 0.45

or 0.58 Wwatts/CFM fan efficacy of

Section150.0(m)13.

Verified Bypass Verification to determine if system is zonally RA3.1.4
Duct Condition controlled and confirm that bypass ducts condition
modeled matches installation.

+-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 conditions in the proposed design
(Table 12: Summary of Verified Distribution SystemsFable11:-Summary-of-Verified
Distribution-SystemsTable 12+ Summary-of-Verified Distribution-Systems), including duct
leakage 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 nondesigned
air-distribution ducts located as described in TabIe 13: Summarv of Standard Design Duct
Locationta
Staﬁdafd—DeSJrem—DHet—lzeeatren with duct Ieakage as speC|f|ed in TabIe 21 Duct/Alr Handler
LeakageTable20:DuctfAir HandlerLeakageTable 21 Duct/Air HandlerLeakage. The
standard design duct insulation is determined by Table 150.1-A (assuming attic Option B)
as R-6 in Climate 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 stories as the proposed
design for determining the duct efficiency.
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Table 131213: Summary of Standard Design Duct Location

Configuration of the Standard Design Detailed Specifications
Proposed Design Duct Location

Attic over the dwelling Ducts and air handler Ducts sealed (mandatory
unit located in the attic requirement)

No credit for verified R-
value, location, or duct

design
No attic but crawl space  Ducts and air handler Ducts sealed (mandatory
or basement located in the crawl requirement)

Space or basement No credit for verified R-
value, location, or duct
design

Buildings with no attic, Ducts and air handler Ducts tested to meet verified low
crawl space or basement located indoors leakage ducts in conditioned space
reguirements. Buets—sealed
E s I i }

No credit for verified R-
value, location or duct
design

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 CF1R. If there are no ducts, the absence of ducts is shown as a special
feature on the CF1R. Any duct location other than attic (for example, crawl space) is shown
as a special feature on the CF1R. 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
CF1R.

Duct Location

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
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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.

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 14: Location of Default Duct
Surface Areatable13-tocationof Befault Buct Surface Areatable 14+ oecationof Default
BuetSurface-Area may be used following the verification procedures in Reference
Appendices, Residential Appendix RA3.1.4.1.

STANDARD DESIGN
The standard design duct location is determined from the building conditions (Table 13).

VERIFICATION AND REPORTING

Duct location is reported on the CF1R. Ducts entirely in conditioned space and verified low-
leakage ducts entirely in conditioned space are reported in the HERSECC-required
verification listing on the CF1R.

Default duct locations are shown in Table 14: Locatlon of Default Duct Surface AreaTable

The duct surface area for crawl space and basement applies only to bU|Id|ngs or zones W|th
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 houses with two or
more stories, 35 percent of the default duct area may be assumed to be in conditioned
space, as shown in Table 14: Location of Default Duct Surface Areatable13:tecationof

The surface area of ducts in conditioned space is ignored in calculating conduction losses.

Table 141314: Location of Default Duct Surface Area

Supply Duct One story Two or more stories

Location

All'in crawl 100% crawl space 65% crawl space, 35% conditioned space
space

All in basement  100% basement 65% basement, 35% conditioned space
Other 100% attic 65% attic, 35% conditioned space

Source: California Energy Commission

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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Default Return Duct Surface Area
Default return duct surface area is calculated using:

Ay out = Ki X ApjporArrout——KrxAfloor Equation 4

Where K: (return duct surface area coefficient) is 0.05 for one-story buildings and 0.1 for
two or more stories.

Default Supply Duct Surface Area

STANDARD DESIGN
The standard design and default proposed design supply duct surface area is calculated
using Equation 5.

Asour=027%Asoor ¥ Ks—— A5 oyt = 0.27 X Afjp0r X
K Equation 5

Where Ks (supply duct surface area coefficient) is 1 for one-story buildings and 0.65 for two
or more stories.

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.

Ao yem0-027 “ﬂeefAs"’”t = 0.027 X Afip0r Equation 6
576_ — .

Diagnostic Duct Surface Area

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 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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Bypass Duct

Section 150.1(c)13 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 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 compared to systems that model 350 CFM/ton as
described in 2.4.6 Verified System AirflowSeetion2-4-6-2-Verified-System-Airflow.

PROPOSED DESIGN

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
Section150.1(c) and Table 150.1-A. 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 CF1R.

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+Ay . +AN) .
Refr = M Equation 7
bl gl
Where:
Reff = Area weighted effective R-value of duct system for use in calculating duct efficiency,
(h-ft2-°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-ft2-°F/Btu)
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PROPOSED DESIGN

The software user inputs the R-value of the proposed duct insulation and details. The
default duct thermal resistance is based on Table 150.1-A, attic option B, 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 CF1R. Credits 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 software.
For each duct segment entered, the user must specify Type (supply/return), Buried (yes/no,
per-as specified by 2.4.7 Buried Attic DuctsSeetion2-4-710-Buried-Attie Duets), 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 CF1R when nonstandard values are specified.

STANDARD DESIGN

The required duct insulation R-value for attic Option B is from Table 150.1-A 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 CF1R. Verified duct design is reported in the HERSECC-
required verification listing on the CF1R.

Buried Attic Ducts

Ducts partly, fully, or deeply buried in blown attic insulation in dwelling units meeting the
requirements for verified QII may take credit for increased effective duct insulation. To
qualify for buried duct credit, ducts must meet mandatory insulation levels (R-6) before
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-not
required to meet fremr-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.
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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 software separately from nonburied ducts. For
each buried duct, the user must enter the duct size, R-value, 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 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-values used by the
software are listed in Table 15: Buried Duct Effective R-Values:

R 8 Ducts W|th Blown Flberqlass Attlc Insulat|on3Fable—}4—BuHed—Buet—EFfeetwe—R—Va+ues—

R—S—Duets—WEh—BleWH—FfbeFatass—AtH%I-nsulatieﬁ through Table 20: Buried Duct Effectlve R-
Values:

R 4 2 Ducts W|th Blown CeIIquse Att|c InsulatlonZFable—lr9—Buﬁed—Duet—Eﬁfeetwe—R—Va+ues—

PROPOSED DESIGN

The 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 QII, verified duct
location, reduced surface area and R-value, and verified minimum airflow. The 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 CF1R.
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Table 151415: Buried Duct Effective R-Values:
R-8 Ducts With Blown Fiber

lass Attic Insulation

Duct R-30 R-38 R-40 R-43 R-49 R-60
Diameter | Ceiling Ceiling Ceiling Ceiling Ceiling 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
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 161516: Buried Duct Effective R-Values:
R-8 Ducts with Blown Cellulose Attic Insulation
Duct R-30 R-38 R-40 R-43 R-49 R-60
Diameter | Ceiling Ceiling Ceiling Ceiling Ceiling 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
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Duct R-30 R-38 R-40 R-43 R-49 R-60
Diameter | Ceiling Ceiling Ceiling Ceiling Ceiling Ceiling
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 171617: Buried Duct Effective R-Values:
R-6 Ducts with Blown Fiberglass Attic Insulation
Duct R-30 R-38 R-40 R-43 R-49 R-60
Diameter | Ceiling Ceiling Ceiling Ceiling Ceiling Ceiling
3" R-15 R-24 R-24 R-24 R-24 R-24
4" R-15 R-24 R-24 R-24 R-24 R-24
5" R-11 R-15 R-24 R-24 R-24 R-24
6" R-11 R-15 R-15 R-24 R-24 R-24
7" R-11 R-15 R-15 R-15 R-24 R-24
8" R-11 R-15 R-15 R-15 R-24 R-24
9" R-6 R-11 R-11 R-15 R-24 R-24
10" R-6 R-11 R-11 R-15 R-15 R-24
12" R-6 R-6 R-11 R-11 R-15 R-24
14" R-6 R-6 R-6 R-6 R-11 R-15
16" R-6 R-6 R-6 R-6 R-11 R-15
18" R-6 R-6 R-6 R-6 R-6 R-11
20" R-6 R-6 R-6 R-6 R-6 R-11
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 181718: Buried Duct Effective R-Values:
R-6 Ducts with Blown Cellulose Attic Insulation
Duct R-30 R-38 R-40 R-43 R-49 R-60
Diameter | Ceiling Ceiling Ceiling Ceiling Ceiling Ceiling
3" R-12 R-18 R-18 R-18 R-31 R-31
4" R-12 R-18 R-18 R-18 R-31 R-31
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Duct R-30 R-38 R-40 R-43 R-49 R-60
Diameter | Ceiling Ceiling Ceiling Ceiling Ceiling Ceiling
5" R-12 R-12 R-18 R-18 R-18 R-31
6" R-6 R-12 R-12 R-18 R-18 R-31
7" R-6 R-12 R-12 R-12 R-18 R-31
8" R-6 R-12 R-12 R-12 R-18 R-31
9" R-6 R-6 R-6 R-12 R-12 R-18
10" R-6 R-6 R-6 R-6 R-12 R-18
12" R-6 R-6 R-6 R-6 R-6 R-12
14" R-6 R-6 R-6 R-6 R-6 R-12
16" R-6 R-6 R-6 R-6 R-6 R-6
18" R-6 R-6 R-6 R-6 R-6 R-6
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 191819: Buried Duct Effective R-Values:
R-4.2 Ducts With Blown Fiberglass Attic Insulation
Duct R-30 R-38 R-40 R-43 R-49 R-60
Diameter | Ceiling Ceiling Ceiling Ceiling Ceiling 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
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Duct R-30 R-38 R-40 R-43 R-49 R-60
Diameter | Ceiling Ceiling Ceiling Ceiling Ceiling Ceiling
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 201920: Buried Duct Effective R-Values:
R-4.2 Ducts with Blown Cellulose Attic Insulation
Duct R-30 R-38 R-40 R-43 R-49 R-60
Diameter | Ceiling Ceiling Ceiling Ceiling Ceiling Ceiling
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
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

Duct/Air Handler Leakage
The total duct/air handler leakage shown in Table 21: Duct/Air Handler LeakageFable 20+

BuetfAirHandlerLeakageTable 21+ DuctfAir HandlerLeakage is used in simulating the duct
system. The supply duct leakage for each case is the table value multiplied by 0.585. The
return leakage is the table value multiplied by 0.415.

PROPOSED DESIGN

For each ducted system, the software user specifies one of the duct/air handler leakage
cases shown in Table 21: Duct/Air Handler LeakageFable20:DBuct/AirHandler
LeakageTable 21 Duct/Air Handler Leakage.
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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 ef-on the

CF1R. Duct leakage is measured in accordance with procedures and values specified in
Reference Appendices, Residential Appendix RA3.

Low-Leakage Air Handlers

A low-leakage air handler may be specified as well as a lower duct leakage value. (See
2.4.7 Duct/Air Handler LeakageSeetion2-4-711BuctfAir 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.

Table 212021: Duct/Air Handler Leakage

Duct Air Handler Total Duct/Air

Case Leakage Leakage Handler
Leakage

Duct systems in existing single- | 10% Included in duct 10%

family houses leakage

Sealed and tested new or 5% 2% 7%

altered duct systems in

unconditioned or conditioned

space in a townhome or single-

family home

Verified low-leakage ducts in 0% 0% 0%

conditioned space

Low-leakage air handlers in 5% or as 0% 5% or as

combination with sealed and measured measured

tested 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.
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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.

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 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.

2.4.8Space-Conditioning Fan Subsystems
Fan systems move air for air-conditioning, heating, and ventilation systems. The software
allows the user to define the fans to be used for space-conditioning, IAQ, and ventilation
cooling. TAQ and ventilation cooling are discussed in 2.4.10 Indoor Air Quality
VentilationSeetion2:4-10-Indoer-Air-Quatity-Ventilation and 2.4.11 Ventilation Cooling
SystemSeetion2-4-11-Ventilation-Cooling System.

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 ait-
eonditieningcooling and heating systems, the fan efficacy default is the mandatory
minimum verified efficacy of 0.45, 0.58, or 0.62 Wwatts/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 the following:

0.45 Wwatts/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 Wwatts/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 Wwatts/CFM for small duct high velocity forced air systems
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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 CF1R.

2.4.9Space-Conditioning Systems

This section describes the general procedures for heating and cooling systems in single-
family residential 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.

Multiple System Types Within a Building

PROPOSED DESIGN

For proposed designs using more than one heating system type, equipment type, or fuel
type, if the types do not serve the same floor area, then 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 CF1R.

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 ¥FBV-LSC energy-consuming system serving the space or 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 ¥FBV-LSC energy-consuming
system unless the supplemental heating meets the exception to Section150.1(c)6. See
eligibility criteria in Residential Compliance Manual Section 4.2.2 for conditions under which
the supplemental heat may be ignored.

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.

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 Section150.1(c) and Table 150.1-A. Since the
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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 Section150.1(c) and Table 150.1-A for the
applicable climate zone.

VERIFICATION AND REPORTING
No cooling is reported as a special feature on the CF1R.

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 Wwatts/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 Reference Appendices, Residential Appendix RA3.3.

2.4.10Indoor Air Quality Ventilation

For newly constructed buildings and additions greater than 1,000 ft2, the Energy Code
requires that all dwelling units meet the requirements of ASHRAE Standard 62.2 with
California amendments as specified in Section150.0(0). Providing acceptable TAQ by
mechanical ventilation is one of the requirements of Standard 62.2. For single-family
homes, the required mechanical ventilation rate is equal to the total required ventilation
rate for the dwelling minus the calculated annually averaged infiltration rate.

The total required ventilation rate for the dwelling unit is calculated using Energy Code,
Equation 150.0-B.
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Equation 8 (Equation 150.0-B)
Qtotat = 0.03 X Afjoor + 7.5 X (Np, + 1)Qtetal =0-03Afleor +7-5(Nbr—+1)
Where:
Qutal = Total required ventilation rate (CFM)
Afoor = Conditioned floor area in square feet (ft?)
Nor = Number of bedrooms (not fewer than one)

The effective infiltration rate of the dwelling is calculated using Equation 150.0-C or 150.0-D
of the Energy Code.

Equation 9 (Equation 150.0-C & D)

_ VduXACHso

Qs = WQ%O———\M-H{—AGHW&)—H}PH
Where:
Qso =Leakage rate at 50 Pa
Vau =Dwelling unit conditioned volume (ft3)
ACHso = Air changes per hour at 50 Pa (0.2 inch water).

The software uses a default of 2 ACHso. The user may input dwelling unit leakage less than
2 ACHsy, if the leakage rate is verified by the procedures specified in Reference Appendices,
Residential Appendix RA 3.8.

The effective annual average infiltration rate is calculated using Energy Code, Equation
150.0-E.

Equation 10 (Equation 150.0-E)

Z
Qins = 0.052 X Q50 X WSf X (Hi) Qine-=-0:052-X Qo wsf e [H/H.J*
Where:
Qinr = Effective annual infiltration rate (CFM) (L/s)
Qso = Leakage rate at 50 Pa (from equation 150.0-C or 150.0-D)

wsf = Weather and shielding factor from Table 150.0-D (based on a Climate Zone
representative city)

H = Vertical distance between the lowest and highest above-grade points within the
pressure boundary (ft)

H: = Reference height, 8.2 ft

Z =0.4 for calculating the effective annual average infiltration rate
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For single-family and horizontally attached dwelling units, the required mechanical
ventilation rate is calculated using Equation 150.0-F of the Energy Code.

Equation 11 (Equation 150.0-F)
Qfan = Qrotar — D X (Qing X Acxr)Qtan—=Qtota—B-{Qint ¥-Aext)
Where:
Qfan = Fan flow rate in cubic feet per minute (CFM)
Qtotal = Total required ventilation rate (CFM)
Qinr = Effective annual average infiltration rate, CFM from Equation 150.0-E

Aext = Reduction factor accounting for leaks from adjacent dwelling units; 1 for single-family
detached homes, or the ratio of exterior envelope surface area that is not attached to
garages or other dwelling units to the total envelope surface area for attached dwelling
units not sharing ceilings or floor with other dwelling units, occupiable spaces, public
garages, or commercial spaces

@ = 1 for balanced ventilation systems and Qinf/Qtotal Otherwise

For estimating the energy impact of this requirement in compliance software, the minimum
ventilation rate is met by either a stand-alone IAQ fan system or a central air handler fan
system that can introduce outdoor air.

The simplest TAQ fan system is an exhaust fan/bathroom fan that meets the criteria in
ASHRAE Standard 62.2 for air delivery and minimal noise. More advanced IAQ fan systems
that have a supply or both supply and exhaust fans are possible. To calculate the energy
use of stand-alone IAQ fan systems, the systems are assumed to be on continuously.

To calculate the energy use of central fan integrated ventilation, the systems are assumed
to be on for at least 20 minutes each hour as described below. The fan flow rate and fan
power ratio may be different from the values used when the system is on to provide for
heating or cooling, depending on the design or controls on the IAQ ventilation portion of
the system.

PROPOSED DESIGN

The proposed design shall incorporate a mechanical ventilation system meeting the above
mandatory measures. The compliance software allows the user to specify the TAQ
ventilation type (see Table 22: IAQ Fanstable 21 TAQ-FansTable23), CFM of outdoor
ventilation air equal to or greater than what is required by the Energy Code, and
Wwatts/CFM. The user must also indicate whether the dwelling unit is attached or detached
and the vertical distance between the lowest and highest above-grade points.

The default minimum IAQ fan is a stand-alone unbalanced exhaust system meeting the
above airflow requirements.
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For balanced systems, the software allows the user to specify the Sensible Recovery
Efficiency (SRE) and Adjusted Sensible Recovery Efficiency (ASRE) if the system has energy
or heat recovery. If SRE and ASRE are not available at the ventilation CFM that is input for
the dwelling unit, the user can enter HVI-listed ratings for an airflow less than the
ventilation CFM and greater than the ventilation CFM. The software will interpolate the
values at the ventilation CFM. The Wwatts/CFM for balanced fan systems should be
calculated based on the fan power for both fans and the outdoor ventilation rate.

Systems with supply ducts (balanced and supply-only) are simulated with increased fan
wattage and reduced SRE and ASRE 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), and SRE and ASRE are reduced by a factor of 0.90 (10
percent decrease in recovery efficiencies). For IAQ systems with fault indicator displays
(FID) meeting the belew-specifications_provided in Reference Appendices, Joint Appendix
JA17, Qualification Requirements for Ventilation Irdeer-AirQuality-Systems Fault
Indicattioner Displays, these factors don't apply.
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STANDARD DESIGN

For single-family residential buildings, the standard design mechanical ventilation system
type (balanced, supply, or exhaust) is the same as the proposed. Fan efficacy is 0.35
Wwatts/CFM for exhaust or supply systems and 0.70 Wwatts/CFM for balanced systems.
Airflow rate is equal to the proposed design value or 1.25 times the CFM required by the
Energy Code, whichever is smaller.
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If the proposed IAQ system uses the central air handler fan, the standard design IAQ fan
efficacy is equal to:

e 0.45 Wwatts/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.

e 0.58 Wwatts/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 Wwatts/CFM for small-duct high-velocity forced air systems.

The standard design is assumed to meet the accessibility criteria in_the Energy Code Section

150.0(0)1Civ-Fable 22 TAQ-System-Component-Aecessibility-Criteria and incorporates an
FID meeting the requirements in Reference Appendices, Joint Appendix JA17, Qualification

Requirements for IndeerAirQualityVenitlation Systems Fault Indicationer Displaysthis

VERIFICATION AND REPORTING

The required ventilation rate to comply with the Energy Code and the means to achieve
compliance are indicated on the CF1R. The IAQ system characteristics are reported in the
HERSECC-required verification listing on the CF1R. The diagnostic testing procedures are in
Reference Appendices, Residential Appendix RA3.7.

Special features are reported on the CF1R when the proposed system has heat or energy
recovery or when the proposed fan efficacy is less than (that is, more efficient than) 0.35
Wwatts/CFM for single-family residential buildings.

Table 222123: IAQ Fans

Type Description Inputs

Stand-alone IAQ Fan Dedicated fan system that provides IAQ CFM,

(exhaust, supply, or ventilation to meet or exceed the Wwatts/CFM, and

balanced) requirements of Energy Code SRE and ASRE for
Section150.0(0). balanced systems

Central Fan Automatic operation of the air handler for = CFM,

Integrated (CFI) IAQ ventilation. Ventilation type uses a Wwatts/CFM

(variable- or fixed- special damper to induce outdoor IAQ

speed) ventilation air and distribute it through the

HVAC duct system. Mixing type distributes
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Type Description Inputs

and mixes IAQ ventilation air supplied by a
separate stand-alone IAQ fan system.

Source: California Energy Commission

2.4.11Ventilation Cooling System

Ventilation cooling systems operate at the dwelling-unit level using fans to bring in outside
air to cool the house when the air can reduce cooling loads and save cooling energy. System
operation is limited to single-family dwellings and operate according to the schedule and set
points shown in_Table 24: Hourly Thermostat Set PointsTable 23+ Heurly ThermostatSet
Peints—Fable-25. Whole-house fans require either window operation and attic venting or
ducting to exhaust hot air. Central fan ventilation cooling systems (fixed and variable-speed)
use the HVAC duct system to distribute outside air and require attic venting. Whole-house
fans, which exhaust air through the attic, require at least 1 ft? of free attic ventilation area
per 750 CFM of rated capacity for relief or, if greater, the manufacturer specifications. (See
Section150.1[c]12 of the Energy Code.)

PROPOSED DESIGN

Software allows the user to specify whether a ventilation cooling system ( 7able 24 for
system types) is included in conditioned and living zones. The user can specify the airflow
and Wwatts/CFM (HERSECC verification required) or a default prescriptive whole-house fan
with a capacity of 1.5 CFM/ft? of conditioned floor area. When the default capacity is
selected, the user can select HERSECC verification of the airflow and watts to receive full
credit for the system capacity. When HERSECC verification is not selected, the fan capacity
is reduced by a factor of 0.67 (33 percent reduction). Ventilation cooling airflow is limited to
3.5 CFM/ft? of conditioned area.

STANDARD DESIGN

The standard design building for a newly constructed single-family residential building or for
an addition greater than 1,000 ft? to a single-family residential building has a whole-house
fan in Climate Zones 8-14, and no ventilation cooling in other climate zones. (See
Section150.1[c] and Table 150.1-A.) The whole-house fan has 1.5 CFM/ft? of conditioned
floor area, 0.14 watts/CFM, with 1 ft2 of attic vent free area for each 750 CFM of rated
whole-house fan airflow CFM.

VERIFICATION AND REPORTING

A ventilation cooling system is either a special feature or a HERSECC verification
requirement, the size and type of which are reported on the CF1R (Table 23: Ventilation
Cooling Fanstable22:-Ventilation-Cooling-Fanstable 24 Yentilation-CoolingFans).
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Table 232224: Ventilation Cooling Fans

Measure Description HERSECC
Verification

Whole-House Fan  Traditional whole-house fan mounted in the = Optional RA3.9
ceiling to exhaust air from the house to the
attic, inducing outside air in through open
windows. Whole-house fans are assumed to
operate between dawn and 11 p.m. only at
33 percent of rated CFM to reflect manual
operation of fan and windows by occupant.
Fans must be listed in the CEC’s Whole
House Fan directory. If multiple fans are
used, enter the total CFM.

Central Fan Central fan ventilation cooling system. Required
Ventilation Cooling Ventilation type uses a special damper to RA3.3.4
Variable- or fixed- induce outdoor air and distribute it through

speed the HVAC duct system.

Source: California Energy Commission

2.5 Conditioned Zones

The software requires the user to enter the characteristics of one or more conditioned
zones. Subdividing single-family dwelling units into conditioned zones for input convenience
or increased accuracy is optional.

2.5.1Zone Type

Proposed Design

The zone is defined as conditioned, living, or sleeping. Other zone types include garage,
attic, and crawl space.

Standard Design

The standard design is conditioned.

VERIFICATION AND REPORTING
When the zone type is living or sleeping, this is reported as a special feature on the CF1R.

Heating Zonal Control Credit

With the heating zonal control credit, the sleeping and living areas are modeled separately
for heating, each with its own separate thermostat schedule and internal gain assumptions.
Zonal control cannot be modeled with heat pump heating. The total nonclosable opening
area between zones cannot exceed 40 ft2. Other eligibility criteria for this measure are
presented in the Residential Compliance Manual, Chapter 4.
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PROPOSED DESIGN

The user selects zonal control as a building level input with separate living and sleeping
zones.

STANDARD DESIGN
The standard design building is not zoned for living and sleeping separately.

VERIFICATION AND REPORTING
Zonal control is reported as a special feature on the CF1R.

2.5.2Conditioned Floor Area

The total conditioned floor area (CFA) 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 conditioned floor area of each
conditioned zone.

STANDARD DESIGN

The standard design building has the same conditioned floor area and same conditioned
zones as the proposed design.

VERIFICATION AND REPORTING
The conditioned floor area of each conditioned zone is reported on the CF1R.

2.5.3Number of Stories
Number of Stories of the Zone

PROPOSED DESIGN
The number of stories of the zone.

STANDARD DESIGN
The standard design is the same as the proposed design.

Ceiling Height

PROPOSED DESIGN

The average ceiling height of the proposed design is used to calculate 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
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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 CF1R.

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 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 CF1R.

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-story buildings or one-story
dwelling units and 8 feet for two or more stories (as derived from number of stories and
other zone details).

STANDARD DESIGN
The standard design is the same as the proposed design.

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 software).

Underground zones are indicated with the number of feet below grade (for example, -8).

STANDARD DESIGN
The standard design has the same vertical zone dimensions as the proposed design.
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Mechanical Systems

PROPOSED DESIGN

The software requires the user to specify a previously defined HVAC system to provide
heating and cooling for the zone and an IAQ ventilation system. The user may also specify a
ventilation cooling system that applies to this and other conditioned zones.

STANDARD DESIGN

The software assigns standard design HVAC, IAQ ventilation, and ventilation cooling systems
based on Section150.1(c) and Table 150.1-A for the applicable climate zone.

Natural Ventilation

Natural ventilation (from windows) is available during cooling mode when needed and
available, as shown in Table 24: Hourly Thermostat Set PointsTable23:HourlyThermostat
SetPeintsTable 25: Hourly Thermostat SetPoints. The amount of natural ventilation used by
computer software for natural cooling is the lesser of the maximum potential amount
available and the amount needed to drive the interior zone temperature down to the natural
cooling set point. When natural cooling is not needed or is unavailable, no natural ventilation
is used.

Computer 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 set point
temperature. Only the amount of ventilation required to reduce the zone temperature to the
natural ventilation set point temperature is used, and the natural ventilation set point
temperature is constrained by the compliance software to be greater than the heating
setpoint temperature.
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Hour Cooling Venting

1 78
2 78
3 78
4 78
5 78
6 78
7 78
8 78
9 78
10 78
11 78
12 78
13 78
14 78
15 78
16 78
17 78
18 78
19 78
20 78
21 78
22 78
23 78
24 78

Conditioned Zones

Table 242325: Hourly Thermostat Set Points

Off
Off
Off
Off
Off
68*
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
Off

Heat
Pump
Heating

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68

*Venting starts in the hour the sun comes up.

Source: California Energy Commission

Standard
Gas
Heating
Single-
Zone
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65
65
65
65
65
65
65
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
65

Zonal
Control
Gas
Heating
Living
65
65
65
65
65
65
65
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
65

Zonal
Control Gas
Heating
Sleeping

65
65
65
65
65
65
65
68
68
65
65
65
65
65
65
65
68
68
68
68
68
68
68
65
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2.5.4Conditioned Zone Assumptions

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.

Table 25: Conditioned Zone Thermal Mass ObjectsTable24:CeonditionedZoneThermal-Mass
ObjectsTable26:ConditionedZoneThermal-Mass-Objeets shows the standard interior
conditioned zone thermal mass objects and the calculation of the simulation inputs that
represent them.

Table 252426: Conditioned Zone Thermal Mass Objects

Item Description Simulation Object
Interior The area of one side of the walls completely Wall exposed to the zone
walls inside the conditioned zone is calculated as the  on both sides

conditioned floor area of the zone minus 2 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 Floor/ceiling surface
floors conditioned zone is calculated as the difference = exposed to the zone on
between the CFA of the zone and the sum of both sides

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 Contents of the conditioned zone with Horizontal wood slab
and heavy  significant heat storage capacity and delayed exposed to the zone on
contents thermal response, for example heavy furniture, = both sides

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.
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Item Description Simulation Object

Light and Contents of the conditioned zone that have a Air heat capacity (Gair) =
thin large surface area compared to weight, for CFA * 2
contents 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 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 2.5.6 Exterior
Thermal Mass2:5:6-4-ExteriorThermal-Mass.

STANDARD DESIGN
The standard design has standard conditioned zone thermal mass objects.

Thermostats and Schedules

Thermostat settings are shown in Table 24: Hourly Thermostat Set PointsTable-23:Heurly
Thermostat Set-PointsTable 25 Heurly Thermostat SetPeints. The values for cooling,
venting, and standard heating apply to the standard design run and are the default for the
proposed design run. See the explanation later in this section regarding the values for zonal
control.

Heat pumps equipped with supplementary electric resistance heating are assumed to meet
mandatory control requirements specified in Section110.2(b) and (c).

Systems with no setback required by Section110.2(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 reem—air-conditiorer-heat pumps) are
assumed to have a constant heating set point of 68 degrees Fahrenheit. The cooling set
point from Table 24: Hourly Thermostat Set PointsTable 23+ Heourly Fhermostat-Set
PointsTable 25: Hourly Thermostat Set-Peints is assumed in both the proposed and standard
designs.

PROPOSED DESIGN
The proposed design assumes a mandatory setback thermostat meeting the requirements of

Section110.2(c). Systems exemptfromthat are not required to have -the+eguirementfora

setback thermostat are assumed to have no setback capabilities.

STANDARD DESIGN
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The standard design has setback thermostat conditions based on the mandatory
requirement for a setback thermostat. For equipment that is not required to have exempt
froem-the-a setback thermostat+eguirement, the standard design has no setback thermostat
capabilities.

Determining Heating Mode vs. Cooling Mode

When the building is in the heating mode, the heating set points for each hour are set to the
“heating” values in Table 24: Hourly Thermostat Set PointsTable23: HeurlyThermostat Set
PeintsTable25+Houry-Thermestat-SetPeints, the cooling set point is a constant 78 degrees
Fahrenheit (°F), and the ventilation set point is set to a constant 77°F. When the building is
in the cooling mode, the heating set point is a constant 60°F, and the cooling and venting
set points are set to the values in Table 24: Hourly Thermostat Set PointsTable 23+ 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 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.

2.5.5Internal 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).

Proposed Design

Plug loads and lighting are fixed assumptions that very based on the time of day, day of the
week (for example, weekday vs. weekend), and season.

Standard Design

The standard design internal gains are the same as the proposed design.

2.5.6Exterior 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.

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
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The software allows the user to define ceilings below attic, enter the area, and select a
construction assembly for each.

The compliance software will verify that the area-weighted average U-factor for ceiling and
rafter roof assemblies meets the mandatory maximum U-factor of 0.043. The software will
also verify that the area-weighted average U-factor for roof assemblies that are above
conditioned space in Climate Zones 4, and 8-16 meets the mandatory maximum U-factor of
0.184, unless duct systems meet one of tehthe following:

e Ducts located within the conditioned space (except < 12 linear ft)

e Ducts located entirely in conditioned space below the ceiling separating the
occupieable space from the attic

_ Verifieelowdeal I ol " I

o Distribution system without ducts (none)

e Ducts buried within attic insulation that complies using Section 150.1(b) and verified
according to RA3.1.4.1

If the mandatory requirements are not met, the user will receive an error message and the
simulation will not proceed:

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-performance attic with a ceiling
constructed with 2x4 framed trusses and insulated with the R-values specified in
Section150.1(c) and Table 150.1-A for the applicable climate zone, assuming Option B. The
roof surface is a 10 Ibs/ft? tile rooduf with an air space when the proposed roof is steep
slope or a lightweight roof when the proposed roof is low slope.

Single-family dwelling units: Below-roof-deck insulation has R-0 in Eclimate Zzones 1-3
and 5-7 and R-19 in €climate Zzones 4 and 8-16. Insulation on the ceiling has R-38 in
Eclimate Zzones 1, 2, 4, and 8-16 and R-30 insulation in €climate Zzones 3 and 5-7.
Climate Zzones 2, 3, and 5-7 have a radiant barrier, and €climate Zzones 1, 4, and 8-16
have no radiant barrier.

VERIFICATION AND REPORTING

Ceiling below attic area and constructions are reported on the CF1R. SIP assemblies are
reported as a special feature on the CF1R.

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

The 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.
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STANDARD DESIGN

The standard design has the same area as the proposed design cathedral ceiling modeled as
a cathedral ceiling belew-attie-with the features of Option CB from Section150.1¢€)}(c) and
Table 150.1-A erfor the applicable climate zone._The total cathedral ceiling area is equally
divided among the four main compass points — north, east, south, and west.

ceiling/roofareas-of thepropesed-design—The standard design roof ard-eeiling-surfaces are
modeled with the same eenstruction-assembly-and-characteristies;-aged solar reflectance,
and_thermal emittance characteristics as Section150.1(c), Table 150.1-A for the applicable
roof slope and climate zone.

VERIFICATION AND REPORTING

Non-attic ceiling/roof area and constructions are reported on the CF1R. SIP assemblies are
reported as a special feature on the CF1R.

Exterior Walls

PROPOSED DESIGN

The 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 adjacent to
unconditioned spaces with no solar gains (such as knee walls or garage walls) are entered
as an interior wall with the zone on the other side specified as attic, garage, or another
zone, and the compliance manager treats that wall as a demising wall. An attached
unconditioned space is modeled as an unconditioned zone.

The compliance software will ekeek-verify that the wall assembly entered by the user meets
the mandatory U-factor or insulation requirements. If it does not, the user will receive an
error message: and the simulation will not proceed.

STANDARD DESIGN

The standard design building has high-performance walls modeled with the same area of
framed walls as in the proposed design separating conditioned space and the exterior, with
a U-factor equivalent to that as specified in Section150.1(c)1.B and Table 150.1-A for the
applicable climate zone.

Single-family dwellings: Above-grade framed walls in Climate Zones 1-5 and 8-16 have
2x6 16-in. on center wood framing with R-21 insulation between framing and R-5
continuous insulation (0.048 U-factor). Climate Zones 6 and 7 above-grade walls have 2x4
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16-in. on center wood framing with R-15 insulation between framing and R-4 continuous
insulation (0.065 U-factor). Walls adjacent to unconditioned space, such as garage walls, are
treated the same as exterior walls, except there is no continuous insulation.

Above-grade mass walls are 6-inch concrete with R-13 interior insulation in 3.5-inch wood
furring in Climate Zones 1-15 and R-17 in Climate Zone 16. Below-grade mass walls in
Climate Zones 1-15 have R-13, and Climate Zone 16 has R-15 interior insulation in 3.5-inch
wood furring. When the proposed design is a wall type such as SIP, straw bale, or other
construction type not specifically mentioned above, the standard design wall is a wood-
framed wall meeting the requirements of Section150.1(c) Table 150.1-A.

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. The gross exterior wall area of framed
walls in the standard design (excluding demising walls) is equally divided among the four
main compass points — north, east, south, and west. The gross exterior wall area of mass
walls in the standard design (excluding demising walls and below-grade walls) is equally
divided among these four main compass points. 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 CF1R. Metal-framed and SIP
assemblies are reported as a special feature on the CF1R.

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_2.5.4 Internal Thermal Mass-Seetion-2-5-4-1-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 desigh 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 hard-wood.

STANDARD DESIGN
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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 2.5.4 Internal Thermal MassSeetion2-5-4-1-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:

e 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-ft2-° F, typical of a carpet and pad.

e The “exposed” portion of the conditioned nonslab floor area shall have a thickness of
2.0 inches, a volumetric heat capacity of 28 Btu/ft3-° F, a conductivity of 0.98 Btu-
in/hr- ft2-OF; and a surface conductance of 1.3 Btu/h- ft2-° F (no added thermal
resistance on the surface). These thermal mass properties apply to the “exposed”
portion of nonslab floors for both the proposed design and standard design. The
covered portion of nonslab 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 are reported as a special feature on the CF1R.

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 2.5.6 FenestrationSeetion2-5-6-6Fenestration.) Doors with less than 25 percent
fenestration are considered an opaque door.

PROPOSED DESIGN

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-FenestrationRating-Counei-{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
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The standard design has the same door area for each dwelling unit as the proposed design.
The standard design door area is distributed equally among the four main compass points —
north, east, south, and west. The U-factor for the standard design is taken from
Section150.1(c) and Table 150.1-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 CF1R.

Fenestration
Fenestration is modeled with a U-factor and selar-heat-gain—ceefficienrt{SHGC). Acceptable

sources of these values are NationaHenestration-Rating-Couneil-{NFRC), default tables from
Section110.6 of the Energy Code, and Reference Appendices, Nonresidential Appendix NAG.

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 4 to Section 150.1(c)3A.

There is no detailed model of chromogenic fenestration available. As allowed by Exception 3
to Section 150.1(c)3A, 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, area, orientation, and tilt.

Performance data (U-factors and SHGC) are from NFRC values or from the CEC default
tables from Section110.6 of the Energy Code. In spaces other than sunspaces, solar gains
from windows or skylights use the California Simulation Engine (CSE) default solar gain
targeting.

Skylights are a fenestration with a slope of 60 degrees or more. Skylights are modeled as
part of a roof.

The compliance software will check that the area weighted window U-factor for all
fenestration meets the mandatory U-factor for window requirements. If it does not, the user
will receive an error message and the simulation will not proceed.

STANDARD DESIGN

If the proposed design fenestration area is less than 20 percent of the conditioned floor
area, the standard design fenestration area is set equal to the proposed design fenestration
area. Otherwise, the standard design fenestration area is set equal to 20 percent of the
conditioned floor area. The standard design fenestration area is distributed equally among
the four main compass points — north, east, south, and west.

The standard design has no skylights.
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The net wall area on each orientation is reduced by the fenestration area and door area on
each facade. The U-factor and SHGC performance factors for the standard design are taken
from Section150.1(c) and Table 150.1-A, which is 0.2736 U-factor_except in the following
instances-in-alt-climatezones. Homes with greater than 500 square feet of conditioned floor
area in climate zone 6-10 and 157 have a Y-faeterof-0.3028 U-factor. Homes with 500
square feet or less of conditioned floor area in climate zones 5-10 and 15 have a 0.30 U-
factor. SHGC is 0.23 in Eclimate Zzones 2, 4, and 6—1415 and SHGC is 0.20 in climate zone
15. Where there is no prescriptive requirement (Eclimate Zzones 1, 3, 5, and 16), the SHGC
is set to 0.35.

VERIFICATION AND REPORTING

Fenestration area, U-factor, SHGC, orientation, and tilt are reported on the CF1R._SHGC is
reported on the CF1R as an allowable maximum and minimum for each window calculated
as the SHGC entered by the user plus or minus 0.01.

Overhangs and Sidefins

PROPOSED DESIGN

Software users enter a set of basic parameters for a description of an overhang and sidefin
for each 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 65: Overhang Dimensions
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Figure 76: 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 CF1R.

Interior Shading Devices

For both the proposed and standard designs, 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.

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.

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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Slab on Grade Floors

PROPOSED DESIGN

The 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 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 Eclimate Zzones 1-15 and R-10 in
Eclimate Zzone 16 (Section110.8[g], Table 110.8-A).

STANDARD DESIGN

The standard design perimeter lengths and slab on grade areas are the same as the
proposed design. Eighty 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 Eclimate Zzone 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
Eclimate Zzones 1-15 and R-10 in Eclimate Zzone 16.

VERIFICATION AND REPORTING

Slab areas, perimeter lengths, and inputs of other than the default condition are reported on
the CF1R.

Underground Floors

PROPOSED DESIGN

The 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.

Raised Floors

PROPOSED DESIGN

The 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.
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STANDARD DESIGN

The standard design has the same area and type of construction as the proposed design.
The thermal characteristics meet Section150.1(c) and Table 150.1-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 Eclimate
Zzones 1, 2, 11, 13, 14, 16; Eclimate Zzones 12 and 15 have R-4; Eclimate Zzones 3-10
have R-0.

VERIFICATION AND REPORTING
Raised floor areas and constructions are reported on the CF1R.

2.6 Attics

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 7: Attic Model ComponentsFi i i AL

Cempenents.

Figure 87: Attic Model Components
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Source: California Energy Commission
2.6.1Attic Components

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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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.

Fraction High

This is 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.

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.

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 on the certificate of compliance. 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.

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 the certified aged
thermal emittance value is not available from the Cool Roof Rating Council{ERREefs-erg.
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 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 less than 2 feet in 12) in Climate-climate Zzones 13 and 15
will have a standard design of solar reflectance index (SRI) 75 modeled using an aged solar
reflectance of 0.63 and a thermal emittance of 0.85.
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Steep-sloped roofs in Eclimate Zzones 10-15 will have a standard design roof of SRI 16
modeled using an aged solar reflectance of 0.20 and @ 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/ft2 are assumed to meet the standard design values for solar reflectance and
thermal emittance.

VERIFICATION AND REPORTING

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.

2.6.2Ceiling 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 CF1R.

2.6.3Attic 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
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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.

VERIFICATION AND REPORTING
The roof pitch is reported on the CF1R.

2.6.4Attic 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 150.0[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 CF1R.

2.6.5Attic Edge

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 98: Section at Attic Edge with Standard Truss
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A raised heel truss (Figure 9: Section at Attic Edge with a Raised Heel Truss

Fruss) provides additional height at the attic edge that, depending on the height Y and the
ceiling insulation R, can either reduce or eliminate the attic edge area and the associated
thermal effect.

Figure 309: Section at Attic Edge with a Raised Heel Truss
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Source: California Energy Commission

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
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modeled, it is included in the attic edge cathedral ceiling constructions, but radiant barriers
below the roof deck are not.

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 being a standard truss, as shown
in Figure 8: Section at Attic Edge with Standard TrussFigure-8:-Sectionat-Attic Edge-with
Standard-TrussFigure-9+-Section-at-Attic Edge-with-StandardTruss. If the user selects a
raised heel truss, the compliance software will require the user to specify the vertical
distance between the wall top plate and the bottom of the roof deck (Y in Figure 9: Section
at Attic Edge with a Raised Heel TrussFigure-9:-Sectionat-Attic Edge-with-aRaised-Heel
FrussFigure10:-Sectionat-Attic Edge-with-a-Raised- Heel T+uss).

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 CF1R.

2.6.6The 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 |n quure 10: Components of the Attic Through Roof
DeckFigd : :
A%He?hfeuqh—Reef—Deek WhICh shows a detailed sectlon through the roof deck

Figure 1110: Components of the Attic Through Roof Deck
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Source: California Energy Commission
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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 sheathing in 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 150.1[c] and Table 150.1-A) for the applicable climate zone with Option B.

VERIFICATION AND REPORTING
Radiant barriers are reported as a special feature on the CF1R.

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.

The compliance software will verify that the wall assembly entered by the user meets the
mandatory U-factor or insulation requirements. If it does not, the user will receive an error
message and the simulation will not proceed.

STANDARD DESIGN

The standard design has below-deck insulation as specified in2.5.6 Ceilings Below Attics

VERIFICATION AND REPORTING
The R-value of any below-deck insulation is reported as a special feature on the CF1R.

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
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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.

VERIFICATION AND REPORTING
Nonstandard roof deck framing or spacing is reported as a special feature on the CF1R.

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 CF1R.

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. Tapered cedar shingles do not qualify and are treated as a
conventional roof surface.

Other steep-sloped 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.
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Low-sloped 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

25 Ibs/ft2

STANDARD DESIGN

The roof slope shall match the proposed design. The roof type for a steep slope roof is 10
Ibs/ft? tile. The roof type for low-slope roof is lightweight roof.

VERIFICATION AND REPORTING
The roof type is reported on the CF1R.

Solar Reflectance and Thermal Emittance

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 in the software. 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 the prescriptive standards.

VERIFICATION AND REPORTING

Thermal emittance and solar reflectance shall be reported on the CF1R. 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.
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2.7 Crawl Spaces

PROPOSED DESIGN

The software user will model the crawl space as a separate unconditioned zone, selecting
appropriate vented crawl space (with raised floor insulation), the perimeter of the crawl
space (in linear feet) and the height of the crawl space.

STANDARD DESIGN

The standard design has a typical vented crawl space when a crawl space is modeled in the
proposed design. Otherwise, the raised floor is assumed to be over exterior or unconditioned
space.

VERIFICATION AND REPORTING
The crawl space zone type and characteristics shall be reported on the CF1R.

2.8 Garage/Storage

An attached, unconditioned space is modeled as a separate unconditioned zone. While the
features of this space have no effect on compliance directly, it is modeled to accurately
represent the building. The modeling of the garage/storage area will shade the walls
adjacent to conditioned space and will have a lower air temperature (than the outside)
adjacent to those walls. The walls and door that separate the conditioned zone from the
garage/storage area are modeled as part of the conditioned zone.

PROPOSED DESIGN

The software user will model the area and type for the floor, exterior walls (ignore
windows), large metal roll-up or wood doors (assume a 1.0 U-factor), and roof/ceiling
(typically an attic or the same as the conditioned zone).

STANDARD DESIGN
The standard design building has the same features as the proposed design.

VERIFICATION AND REPORTING

The presence of an attached garage or unconditioned space is reported as general
information on the CF1R. The general characteristics of the unconditioned zone are
reported on the CF1R.

2.9 Domestic Hot Water (DHW)

Water heating energy use is based on the number of bedrooms, fuel type, distribution
system, water heater type, and conditioned floor area. Detailed calculation information is
included in Appendix B.

PROPOSED DESIGN
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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).

Heat pump water heaters are defined by energy factor, volume, and tank location or, for
Northwest Energy Efficiency Alliance (NEEA) rated heat pumps, by selecting the specific
heater brand, model, and tank location.

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.

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 Heat pump water heater: < 24 amps NEEA 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 (for
example, 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 Gas.
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Heat pump.

Dwelling unit distribution system types include:

Standard (all distribution pipes insulated).

Point of use.

Central parallel piping.

Recirculation with non-demand control (continuous pumping).
Recirculation with demand control, push button.

Recirculation with demand control, occupancy/motion sensor.
HERSECC-required pipe insulation, all lines.
HERSECC-required central parallel piping.

HERSECC-required recirculation, demand control, push button.

HERSECC-required recirculation with demand control, occupancy/motion sensor.

Some distribution systems have an option to 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 RA2-1 for a summary of inspection
requirements.

2.9.1Distribution Compactness

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.
Compact distribution basic credit.
Compact distribution expanded credit-(HERS).

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 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 CF2R where the actual fixture distances for the design will
need to be specified.
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2.9.2Drain 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 preheat water can be routed to the served
shower, water heater, or both.

The user specifies the DWHR 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:

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.

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.)

Unequal flow to water heater: The potable-side heat exchanger output feeds only
the associated fixture.

Multiple DWHR devices can be used for a water heater system.

Drain water heat recovery is a HERSECC-verified measure.

2:9-12.9.3Domestic Water Heating Systems
The standard design for all climate zones is-uses a single heat pump water heater (HPWH)
with a-2.0 UEF._If the proposed building has an attached garage, then the standard-design
HPWH location in the standard design is the garage. If the proposed building does not
have an attached garage, then the stardard-design-HPWH location in the standard design

is in the conditioned space with the air inlet and outlet ducted to the outside.Ffthe

Ithe propesed-designinln climate zones 1 or 16-dsesaminimaly-compliantHPWH, the
standard design will additienalty-include the-a compact distribution-basie-eredit system. ¥
thepropesed-designin-In climate zone 16-dsesaminimaly-compliantHPWH, the standard
design will additienalty-include both a compact distribution system and a drain water heat
recovery system.
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patterninstantanecous-water-heater-is-0-81-UEF-_ For buildings that are 500 square feet or
less, if the proposed design is an instantaneous electric water heater, or an electric

consumer storage water heater that is less than or equal to 20 gallons with point of use
distribution, the standard design is the same.

2:9:22.9.4Solar Thermal Water Heating Credit
When a-water heating system-hasis provided by a solar thermal system-te-providepartof
the-water-heating, the user enters information about the Solar Rating and Certification
Corporation (SRCC) OG-100 approved collector (manufacturer, brand, model number),
including details of the installation (azimuth, tilt).

Alternatively, the user can enter the OG-300 rated solar fraction for their specific climate
zone.

2.10 Additions/Alterations

Addition and alteration compliance is based on Energy Code, Section150.2. The energy
budget for additions and alterations is based on FBV-LSC energy. Alterations must model
the entire dwelling unit. Additions may be modeled as addition alone, as
“existing+addition+alteration,” or the entire building may be modeled to meet all of the
requirements for a as-an-entirely-newly constructed building (whole building,
Section150.2(fc)d).

Additions that are 1,000 ft2 or less are exemptfremare not required to meet the dwelling
unit ventilation requirements of Section150.0(0)1C, Section150.0(0)1E, or
Section150.0(0)1F. When an addition to any building creates a new dwelling unit, this
exception does not apply.

The standard design does not include:
e Cool roof when an addition is 300 ft2 or less.
e Ventilation cooling for additions that are 1,000 ft? or less.

e Solar generation/PV requirements.
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2.10.1Accessory Dwelling Units

When an accessory dwelling unit (ADU) is detached and newly constructed, it must
comply using the whole building approach as described in 2.10.2 Whole BuildingSeetien
210 2-WheleBuilding. When an ADU is created by conditioning an existing unconditioned
space and is either attached or detached, it may comply using any of the compliance
approaches allowed for additions as described in 2.10.3 Alteration-Alone Approach or
2.10.4 Addition-Alone ApproachSeetion2-10-3-Alteration-Alone-Approach-or-Section2-164
Addition-Alone-Approach.

2.10.2Whole 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.

2.10.3Alteration-Alone Approach

The proposed alteration alone floor area is modeled. The alteration requirements of
Section150.2(b) are applied to any features that do not exist.

2.10.4Addition-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 (2.10.5238-5 Existing + Addition +
Alteration ApproachSeetion2-10-5-Existing+-Addition—Alteration-Appreach), are given to
the addition-alone approach. (See Energy Code, Section150.2[a]2.B.) The addition
complies if the proposed design uses equal to or less space heating, space cooling, and
water heating ¥BV-LSC energy than the standard design.

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
2.4.1 Heating Subsystems and 2.4.6 Cooling SubsystemsSeetion2-4-1Heating-Subsystems
and-Section24-6-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.
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STANDARD DESIGN

The addition alone is modeled the same as a newly constructed building, with the
following exceptions:

When roofing requirements are included in Table 150.1-A, they are included in the
standard design if the added conditioned floor area is greater than 300 ft2.

When ventilation cooling (whole-house fan) is required by Table 150.1-A, it is
included in the standard design when the added conditioned floor area is greater
than 1,000 ft2. The capacity shall be based on 1.5 CFM/ft? of conditioned floor area
for the entire dwelling unit conditioned floor area.

When compliance with TAQ requirements of Section150.0(0) 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.

PV requirements are not included.

The standard deS|gn HVAC system is a iﬂrattrrat—gas—f—c;rrﬁaee—(e1L|are1aa1=1e—rf—|=ra’eu1=a1l

elesrgﬁ—H%%C—system—rs—a—spllt heat pump Hhe—prepesed—éesrgﬁ—has—aﬁ—eleetﬁe
heating-system. See 2.4.1 Heating SubsystemsSeetion2-4-1-Heating-Subsystems for

equipment efficiencies and operating details for each type of system. The cooling
system for the standard design building is a nonzonal control system, split-system
ducted cooling system, meeting the minimum requirements of the Appliance
Efficiency Regulations. See 2.4.6 Cooling SubsystemsSeetion—2:-4-6-Cooling
Subsystems for equipment efficiencies and operating details for each type of
system.

The domestlc water heatlng system is a Haturat—gas—taﬁkless—(eepreeaﬁe—rf—naturat

staﬁelafd—desrgn—wateleheatmg—system—rs—a—heat pump water heater h‘—the—preeesed
design-has-an-electric-water-heating-system. For additions 500 square feet or less,

the standard design is an instantaneous electric water heater if the proposed design
is an instantaneous electric water heater, or the standard design is an electric
consumer storage water heater less than or equal to 20 gallons if the proposed
design is an electric consumer storage water heater less than or equal to 20 gallons.

2.10.5Existing + Addition + Alteration Approach

Energy Code Section150.2(a)2 contains the provisions for additions and Section150.2(b)2
for alterations when the existing building is included in the calculations. These provisions
are the “Existing + Addition + Alteration” (or "E+A+A") performance approach.

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
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uses this information to create an E+A+A standard design using the rules in the standards
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 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. No verification of
existing conditions is assumed with this designation.

Verified Altered: the surface or system is altered in the proposed design, and the
original condition is verified by a HERSECC Rater (an optional selection).

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 150.2, Table 150.2-GP specifies the details of the standard design for altered
components based on whether verification of existing conditions is selected:

QII

Altered with no third-party verification of existing conditions (the default selection).
This compliance path does not require an on-site inspection of existing conditions
prior to the start of construction. The attributes of the existing condition are
undefined, with the standard design for altered components based on Section150.2,
Table 150.2-GB, and the climate zone. Energy compliance credit or penalty is a
function of the difference between the value for that specific feature allowed in
Table 150.2-GP and the modeled/installed efficiency of the feature.

Verified Altered existing conditions. This compliance path requires that a
HERSECC Rater perform an on-site inspection of pre-alteration conditions prior to
construction. If an altered component or system meets or exceeds the prescriptive
alteration requirements, the compliance software uses the user-defined and verified
existing condition as the standard design value. Energy compliance credit is then
based on the difference between the verified existing condition for that altered
feature and the modeled/installed efficiency of the proposed design.

STANDARD DESIGN

The standard design includes QII for additions greater than 700 ft? in any single-family
residential building in Eclimate Zzones 1-16 (Section150.2[a]1Bv).
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The provisions of Section150.2(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.

PV

STANDARD DESIGN
The standard design does not include PV for additions and alterations.

Roof/Ceilings

STANDARD DESIGN

The standard design roof/ceiling construction assembly is based on the proposed design
assembly type as shown in Table 26: Standard De5|qn for ROOfS/CeIhI’ICIS:FabJre—Zé—

additions equal to or less than 700 ft?, radlant barrier requirements follow Option C
(Section150.1[c]9B). The standard design for unaltered ceilings and roofs is the existing
condition.

Table 262627: Standard Design for Roofs/Ceilings

Proposed Addition Addition > Addition > 700 Altered Verified
Design <300 300 ft>and ft2 Altered
Roof/Ceiling ft2 < 700 ft
Types
Roof Deck NR NR CZ 4, 8-16 = R-19 €&Z23; 5-7=NRCZ1; Existing
Insulation 24816 =R-14/0-
(below-deck, 0-039NR
where
required) at
vented attic
Ceilings Below CzZ1,2, CZ1,2,4, Cz5,7=R-19CZ1- Existing
Attic 4,8-16= 8-16=R-38 (Cz1,2 4,816= 46 816=R-49
R-38 CZ3,5-7 = R-38
CZ3, 57 R-30 CZ 3,57 =R-30
= R-30
Non-Attic R-22/U-  R-22/U-0.043 Same-asabeveR- R-19/U-0.054 Existing
(Cathedral) 0.043 38
Ceilings and
Roofs
Radiant CZ2-15 CZ2-15REQ CZ2,3,57REQ NR Existing
Barrier REQ CZ1,16 NR Cz1,4,8-16 NR
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Proposed Addition Addition > Addition > 700 Altered Verified
Design <300 300 ft2and ft2 Altered
Roof/Ceiling ft2 < 700 ft
Types
Cz1,16
NR
Roofing NR CZ 10-15 CZ 10-15 =0.20 CZ 4, 8-15 Existing
Surface =0.20 Reflectance, =0.20 Reflectance
(Cool Roof) Reflectance, =0.75 Emittance  =0.75 Emittance
Steep-Sloped =0.75
Emittance
Roofing NR Cz13,15= CZ13,15=0.63 CzZ4,6-15 Existing
Surface 0.63 Reflectance, =0.63 Reflectance
(Cool Roof) Reflectance, =0.75 Emittance  =0.75 Emittance
Low-Sloped =0.75
Emittance
Above Deck NR NR NR CZ1, 2,4, 8-16 R-14 Existing
Insulation, continuous
Low-Sloped

Source: California Energy Commission
Exterior Walls and Doors

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
Section150.0[c]1 and Section150.2[a]1).

STANDARD DESIGN

The areas, orientation, and tilt of existing;-rew; and altered net exterior wall areas (with
windows and doors subtracted) in an existing zone are the same in the existingand

additionpertiens-ef-standard design as in the proposed design.
For new framed and unframed walls of an addition or an existing zone, the-propesed

wall-area-is-framed,-the gross exterior wall area (excluding knee walls) is equaIIy divided
among the four bU|Id|ng orlentatlons front Ieft back and rlght
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The standard design exterior wall construction assembly is based on the proposed design
assembly type as shown in Table 27: Standard DeS|qn for WaIIs and DoorsTable 27+

Framed walls 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 272728: Standard Design for Walls and Doors

Proposed Addition Altered Verified
Design Altered
Exterior Wall
Assembly
Type or Door
Framed & Non- CZ 1-5, 8-16 = R-21+R-5 R-153 in 2x4 Existing
Mass Exterior in 2x6 (U0.048) R-216 in 2x6
Walls CZ 6-7 = R-15+R-4 in 2x4

(U-0.065)
Wood framed R-15 in 2x4 R-153 in 2x4 Existing
existing walls ~ R-21 in 2x6 R-216 in 2x6

where siding is
not removed,

or an
extension of an

existing wall

Framed Wall R-15 in 2x4 R-153 in 2x4 Existing
Adjacent to R-21 in 2x6 R-216 in 2x6

Unconditioned
(e.g., Demising
or Garage Wall)

Above Grade CZ 1-15 = R-13 (0.077) N/R Mandatory Existing

Mass Interior CZ 16 = R-17 (0.059) requirements
Insulated have no
insulation for
mass walls
Below Grade CZ 1-15 = R-13 (0.077) N/R Mandatory Existing
Mass Interior CZ 16 = R-15 (0.067) requirements
Insulation have no
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Proposed Addition Altered Verified
Design Altered
Exterior Wall
Assembly
Type or Door

insulation for

mass walls
Swinging Doors  0.20 0.20 Existing

Source: California Energy Commission
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
Section150.2(b)1.B 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 scope of the project
(addition vs. alteration), and for additions, the square footage is taken into consideration
as well, as shown in Table 28: Standard Design for Fenestration (in Walls and Roofs)¥able
29:-Standard-Design-forFenestration{in-Walls-and-Reefs). Vertical glazing includes all
fenestration in exterior walls 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 design is set for fenestration areas and orientations as shown in Table 28:
Standard De5|qn for Fenestration (in WaIIs and Roofs)?able—Z?—Staﬂdafd—Deaeﬂ—Fer

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.)
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In the addition, new fenestration is divided equally among the four project compass points

similar to new gross wall areas in the addition described above.

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
percentage of fenestration allowed in the addition based on the conditioned floor area of

the addition.

Table 282829: Standard Design for Fenestration (in Walls and Roofs)

Proposed
Design
Fenestration
Type

Vertical
Glazing: Area
and
Orientation

West-Facing
Maximum
Allowed

Vertical
Glazing:
U-Factor

Vertical
Glazing: SHGC

Skylight:
Area and
Orientation

Skylight: U-
Factor
Skylight:
SHGC

Addition < Addition > Addition >
400 ft2 400 and < 700 ft2
700 ft2

75 ft2 or 120 ft2 or 175 ft2 or
30% 25% 20%
Cz2,46- Cz2,4,6- CZ2,4,6-
15=60 ft2 15=60 ft2 15=70 ft2 or
5%
CZ 1-54, 636 CZ 1- 636 CZ 1-5,
11-14, 16-= 54, 11-14, 11-14, 16-=
0.2736 16-=-0.27 0.2738
CZ 65-10, CZ 65-10, 15 CZ 6-10, 15-=
15-=-0.30 =-0.30 0.302%#
Cz2,4,6- C(CZ2,46- CZ 2, 4, 6-
145=0.23 145=0.23 15=0.23
CZ 15=0.20 CZ15=0.20 CZ1,3,5&
cz1,3,5& -€z1,3,5& 16=0.35
16=0.35 16=0.35
No skylight  No skylight No skylight
area inthe areain the area in the
standard standard standard
design design design
0.30 0.30 0.30
Cz2,46- Cz2,4,6- CZ2,4,6-
145=0.23 145=0.23 145=0.23
CZ 15=0.20
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Altered

See full
description
below.

NR

0.2748

CZ2,4,6-

15=06350.23

-CZ1,3,5&
16=0.35

NR

0.55

CZ2,4,6-
15=0.30

Verified
Altered

Existing

Existing

Existing

Existing
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Proposed Addition < Addition > Addition > Altered Verified

Design 400 ft2 400 and < 700 ft2 Altered
Fenestration 700 ft2
Type

Cz135& (CZ15=0.20 CZ15=0.20 CZ135&
16=0.35 CZ135& CZ135& 16=0.35
16=0.35 16=0.35

Source: California Energy Commission

Overhangs, Sidefins, and Other Exterior Shading

STANDARD DESIGN

The standard design for a proposed building with overhangs, sidefins, and exterior shades
is shown in Table 29: Standard De5|qn for Overhanqs S|def|ns and Other Exter|or

Exterior shading (I|m|ted to bug screens) is treated dlfferently than fixed overhangs and
sidefins, as explained in Section 2.5.6.9 Exterior Shading.

Table 292930: Standard Design for Overhangs, Sidefins, and Other Exterior

Shading
Proposed Addition Altered Verified Altered
Design
Shading Type
Overhangs and  No overhangs or Proposed altered Same as altered
Sidefins sidefins condition
Exterior Shading Standard (bug Proposed altered Existing exterior
screens on condition shading
fenestration, none
on skylights)
Window Film No window film Proposed altered Existing exterior
condition shading

Source: California Energy Commission
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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Floors

STANDARD DESIGN

Table 150.2-C requires that the standard design be based on the mandatory requirements
from Section150.0(d). The standard design for floors is shown in Table 30: Standard
Designs for FloorsTable-30:-Standard-Designs-for-FloersTable 31+Standard-Designsfor
Hoeors.

Table 303031: Standard Designs for Floors

Proposed Addition Altered Verified Altered
Design (mandatory)

Floor Type

Raised Floor R-19 in 2x6 16" R-19 in 2x6 16" If proposed U < 0.037,
Over Crawl Space  o.c. wood framing  o.c. wood framing  standard design =

or Over Exterior existing raised; if

proposed U > 0.037,
standard design = 0.037

Slab-on-Grade: CZ1-15: R-0 R-0 Existing unheated slab-
Unheated CZ16: R-7 16" on-grade

vertical
Slab-on-Grade: CZ1-15: R-5 16" CZ1-15: R-5 16" Existing heated slab-on-
Heated vertical vertical grade

CZ 16: R-10 16" CZ 16: R-10 16"

vertical vertical
Raised Concrete CZ1,2,11,13,14,16: R-0 Existing raised concrete
Slab R-8 slab

CZ3-10: R-0

CZ12,15: R-4

Source: California Energy Commission
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 2.5.4 Internal Thermal
MassSeetion2-5-4-1nternal- Thermal-Mass.

Air Leakage and Infiltration

STANDARD DESIGN
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Standard design air leakage and infiltration are shown in Table 31: Standard Design for Air
Leakage and InfiltrationTable 31:Standard-Desigh-for-AirLeakageand-InfiltrationTable
32 Standard-Besign-for-Air Leakageand-Infiltration.

Table 313132: Standard Design for Air Leakage and Infiltration

Proposed Air Addition Altered Verified Altered
Leakage and
Infiltration

Single-Family 5 ACH50 5 ACH50 Diagnostic testing of existing
Residential ACH50 value by HERSECC Rater
Buildings

Source: California Energy Commission

Space Conditioning System
STANDARD DESIGN

The standard design for space-conditioning systems is shown in Table 32: Standard
Design for Space-Conditioning Systems¥able 32+Standard-Design-forSpace-Conditioning
SystemsTable-33:-Standard-Design-for-Space-Conditioning-Systems.

When cooling ventilation (whole-house fan) is required by Section150.1 and Section150.2,
the capacity is 1.5 CFM/ft? of conditioned floor area for the entire dwelling unit.

When compliance with TAQ requirements of Section150.0(0) apply to an addition with
greater than 1,000 ft? added, the conditioned floor area of the entire dwelling unit is used
to determine the required ventilation airflow. For additions with 1,000 ft2 or less of added
conditioned floor area, no IAQ requirements shall apply.

Table 323233: Standard Design for Space-Conditioning Systems

Proposed Design Addition Altered Verified Altered
Space-
Conditioning
System Type
Heating System See 2.10.4 Addition- Existing-Proposed = Same as altered.
Efficiency Alone Apprpgch—Seetien heating fuel type
2-10-4-Addition-Alene and equipment
Appreach and 2015 type/efficiency. If
Federal Appliance the existing
Standards based on fuel  equipment is
source and equipment electric resistance
type and none of the

exceptions to
Section150.2(b)1G
are met, the
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Proposed Design
Space-
Conditioning
System Type

Cooling System
Efficiency

Refrigerant Charge

Whole-House Fan
(WHF) applies only
if addition > 1,000
ft2

Indoor Air Quality
applies only if

addition > 1,000 ft2

or if addition is a
dwelling unit

Addition

See 2.10.4 Addition-
Alone ApproachSeetien
Appreaeh and 2015
Federal Appliance
Standards based on fuel
source and equipment

type

€£28-15:-Yes, unless
the addition is 500 ft? or
less

€41+ 3-7Ne

CZ 8-14; 1.5 CFM/ft?

Meet mandatory
ventilation for entire
dwelling

Source: California Energy Commission
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Altered

Standard Design
system shall be a
heat pump
meeting the
requirements of
2.10.4 Addition-
Alone
ApproachSeetien
Alene-Approach.

Same as Addition

AdditionYes

N/A

Same as Addition

Additions/Alterations

Verified Altered

Existing cooling
equipment
type/efficiency

Existing

Existing condition. To
count as Existing, the
WHF must be > 1.5
CFM/ft2 and be CEC-
rated

Existing
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Duct System

PROPOSED DESIGN

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.

STANDARD DESIGN

Table 333334: Standard Design for Duct Systems

Proposed No Verification of Existing Verified Existing
Design Duct Conditions Conditions
System Type

Altered or CZ 1-2, 4, 8-16: Duct insulation R-8 Existing duct R-value and
Extended Ducts  and total leakage of 10% total leakage the lesser of
>25 ft 30% or the existing leakage

CZ 3, 5-7: Duct insulation R-6 and total
leakage of 10%

New Ducts CZ 1-2, 4, 8-16: Duct insulation R-8 N/A
and total leakage of 7%

CZ 3, 5-7: Duct insulation R-6 and total
leakage of 7%

rate

Based on Table 150.2-A
Note 1: Refer to Section150.2(b)1Diia for definition of an "Entirely New or Complete Replacement Duct System.”

Source: California Energy Commission
Water Heating System

STANDARD DESIGN

Table 343435: Standard Design for Water Heater Systems

Proposed Addition (adding Altered Verified Altered

Design water heater)

Water

Heating

System

Type

Single-Family  Prescriptive water Proposed fuel type Existing water heater

Residential heating system per  (heat pump water type(s), efficiency,

Buildings as specified by heater if electric), distribution system.
2.10.4 Seetion proposed tank type,
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Proposed Addition (adding Altered Verified Altered
Design water heater)
Water
Heating
System
Type
210 4-Addition- mandatory
Alene requirements with no
AppreachAddition- solar
Alone Approach

Source: California Energy Commission

2.11 Documentation

The 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 CF1R when generated using the report manager.

See public domain software user guide or vendor software guide for detailed modeling
guidelines.
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3-12.12CALGreen

The software can calculate ar EBR1ard-EPR2LSC and Source Energy results as required
in the CALGreen-energy-proevisionsCalifornia Green Building Standards (CALGreen, {Title
24, Part 11). The EBRI-and-EBR2LSC and Source implementation applies only to newly
constructed single-family residential buildings.
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	1 Introduction 
	1.1 Purpose 
	This manual documents the rules used for modeling single- family residential buildings for performance-based compliance under California’s 20252 Building Energy Efficiency Standards (Energy Code) for residential and nonresidential buildings. This document explains how the proposed design, and standard design, and reference design are established for a building and what is reported on the certificate of compliance (CF1R) compliance document. 
	The 20252 compliance manager is the simulation and compliance rule implementation software specified by the California Energy Commission (CEC). 
	Documentation of detailed calculation algorithms is contained in the companion volume Appendix G, 20252 Residential Alternative Calculation Method Algorithms. 
	This reference manual documents the compliance analysis modeling rules for all aspects of the CEC’s Alternative Calculation Method (ACM) Reference Manual for single-family residential buildings. For modeling rules for multifamily buildings, please refer to the Nonresidential and Multifamily Alternative Calculation Method Reference Manual. This document does not specify the minimum capabilities of vendor-supplied software. The CEC reserves the right to approve vendor software for limited implementations of w
	1.2 Other Documents 
	The basis of this document is the 20252 Energy Code and definitions for terms used in this manual can be found in the 20252 Energy Code. Documents also relied upon include the Reference Appendices for the 20252 Building Energy Efficiency Standards (reference appendices) and the 20252 Single-Family Residential Compliance Manual (CEC-400-2022-006-CMF), 2025 Energy Code Accounting Methodology. 
	Detailed modeling information for the software user can be found in the California Building Energy Code Compliance Residential (CBECC-Res) User Manual.  
	1.3 Compliance for Newly Constructed Buildings 
	Compliance for newly constructed buildings requires calculating the energy use of the proposed design, energy use, and comparing it to the standard design energy budget of the standard designuse, and the reference design energy use. Energy use accounts for regulated energy end uses, including space conditioning, water heating, and mechanical ventilation. There may also be additional internal calculations to establish the standard design photovoltaics (PV) requirement of the standard design, and the respecti
	are specified. There are two EDRs that are considered in the energy budget that are described in more detail in this chapter and Section 1.5 Energy Design Rating. 
	When the energy use of the proposed design is equal to or less than the energy budget of the standard design, the proposed design complies with the standards2025 Energy Code. The compliance margin is the difference between the energy budget of the standard design energy use and the energy use of the proposed design energy use. When the compliance margin is equal to or greater than zero or greater, the project complies with the 2025 Energy Code. 
	The energy use of the proposed design and the energy budget of the standard design isare expressed in units of Source Energy, Long-term System Cost (LSC), Source, and kilowatts per square foot of conditioned floor area (kTDV/ft2)peak cooling energy. The LSC consists of an Efficiency LSC, PV/flexibilityphotovoltaic and BESS LSC and Total LSC. These metrics are described in greater detail in the following sections. andEnergy use accounts for regulated energy end uses, including space heating, space coolingcon
	 
	The proposed building shall separately comply with the sSource eEnergy budget (expressed in British thermal units (BTUtus)) design rating (EDR1), the eEfficiency LSC (expressed in dollars)C energy design rating (Efficiency EDR2), and the tTotal LSC (expressed in dollars)  energy design rating (Total EDR2).and peak cooling energy (expressed in kilowatt hours (kWhs)). No tradeoffs are allowed between EDR1 and EDR2. 
	Compliance with EDR2 requires meeting two criteria. First, the proposed design Efficiency EDR2 must be equal to or less than the standard design Efficiency EDR2. Second, the proposed design Total EDR2 must be equal to or less than the standard design Total EDR2. 
	1.4 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 described in the equation below. Hourly source energy assumes utilities meet all renewables portfolio standards (RPS) and other obligations and is projected over the 30-year life of the building. 𝑆𝑜𝑢𝑟𝑐𝑒 𝐸𝑛𝑒𝑟𝑔𝑦= ∑(𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑈𝑠𝑒𝑖×𝑆𝐸𝑘𝑊ℎ,𝑖)+∑(𝐺𝑎𝑠 𝑈𝑠𝑒𝑖×𝑆𝐸𝑔𝑎𝑠,𝑖) 
	Where: 
	Electricity Usei = The electric energy used in the ith hour. 
	SEkWh, i = The source energy factor for electricity in the ith hour. 
	Gas Usei = The gas energy used in the ith hour. 
	SEgas, i = The source energy factor for gas in the ith hour. 
	1.4HThe hourly source energy provided by the Energy Commission is used to determine compliance. To comply through the performance compliance approach, the sSource eEnergy use of the proposed design must be equal to or less than the sSource eEnergy budget of the standard design. This applies to newly constructed buildings and additions aloneto existing buildings projects. 
	 
	1.5 Long-term System Cost 
	The compliance software shall calculate the LSC for both the standard design and the proposed design by applying an LSC factor for each hour of the reference year and converting the predicted site energy use to LSC toof California’s energy system. LSC factors haves been established by the Energy Commission for residential and nonresidential occupancies, for each of the climate zones, and for each fuel type (electricity, natural gas, and propane). The procedures for LSC approach is are documented in more det
	Where: 
	PVi = The energy generation of the photovoltaic system in the ith hour. Additional informaiton for export considerations are described below. 
	LSCkWh, i = The LSC factor for electricity in the ith hour. 
	BESSi = Battery energy storage system energy in the ith hour. 
	Lunregulated,i = Unregulated lighting energy used in the ith hour. 
	DFi = The demand flexibility energy in the ith hour. 
	PLi = Plug load energy used in the ith hour. 
	SCkwh,i = The space-conditioning electric energy used in the ith hour. 
	SCgas,i = The space-conditioning gas energy used in the ith hour. 
	LSCgas, i = The LSC factor for gas in the ith hour. 
	WHkwh,i = The water heating electric energy used in the ith hour. 
	WHgas,i = The water heating gas energy used in the ith hour. 
	MVkwh,i = The mechanical ventilation electric energy used in the ith hour. 
	MVgas,i = The mechanical ventilation gas energy used in the ith hour. 
	SUCi = The energy associated with the self-utilization credit in the ith hour. 
	 
	Whether generated energy is used on site or exported to the grid will affect the PV/flexibilityphotovoltaic and BESS LSC. If energy is used on site the LSC factor is based on the LSC factors as described in Reference Appendices, Joint Appendix JA3. If energy is exported to the grid, then the LSC hourly export factors provided by the CEC are used. These export factors represent the LSC avoided costs in each hour. 
	To comply through the performance compliance approach, the Total LSC, and the Efficiency LSC of the proposed design must be equal to or less than the Total LSC, and the Efficiency LSC of the standard design. This applies to newly constructed buildings, additions to existing buildings alone, addition plus alteration of existing buildings, and alterations of existing buildings projects. 
	1.6 Peak Cooling Energy 
	The compliance software shall calculate peak cooling energy for both the standard design and the proposed design.  Peak cooling energy is the total annual mechanical cooling site energy, in kWh, that occurs at peak hours between 4 pm and 9 pm in summer months. To comply through the performance compliance approach, the peak cooling energy of the proposed design cannot be greater than 120% of the peak cooling energy of the standard design. Peak cooling is applicable in climate zones 4 and 8 through 15.  
	1.7 Compliance for Additions and Alterations 
	Compliance for additions and alterations to existing buildings requires calculating the energy use of the proposed design,  energy use and the energy budget of the standard design energy budget. 
	When the energy use of the proposed design is equal to or less than the energy budget of the standard design, the addition or alteration or both comply with the standards2025 Energy Code. The compliance margin is the difference between the energy use of the standard design energy use time dependent valuation (LSCTDV) and the energy budget of the proposed design energy use (LSCTDV). When the compliance margin is zero or greater, the project complies. 
	The energy use is expressed in units of thousand TDV (kTDV)LSC per square foot of conditioned floor area (kTDVLSC/ft2) and accounts for regulated energy end uses, including space heating, space cooling, ventilation, and water heating. Unregulated energy end uses are not included, such as interior lighting, appliances, cooking, plug loads, and exterior lighting. PV generation and demand flexibility measures, such as battery energy storage system (BESS), have no effect on additions and alterations to existing
	Energy Design Rating  
	There are two independent EDR metrics based on source energy and TDV. The EDR metric based on source energy is referred to as EDR1, and the EDR metric based on TDV is referred to as EDR2. No tradeoffs are allowed between EDR1 and EDR2. 
	Energy Design Rating 1 (EDR1) 
	EDR1 is a dimensionless metric based on the hourly source energy consumption of a proposed or standard design divided by the hourly source energy consumption of the reference design. EDR1 accounts for the source energy of all end uses, including space heating, space cooling, ventilation, and water heating, interior lighting, appliances, exterior lighting, PV generation and flexibility measures, as well as the Renewables Portfolio Standards (RPS) and similar obligations. 
	In addition to efficiency, projects receive EDR1 benefits from generating renewable energy and shifting energy demand to times when the utility generates low-carbon electricity. The EDR1 is a way to express the energy performance of a building using a scoring system where 100 represents the energy performance of a reference design building meeting the efficiency requirements of the 2006 International Energy Conservation Code (IECC). A lower EDR1 score represents less source energy use. The proposed building
	The physical bounds for source energy are about 10,500 British thermal units per kilowatt-hour (Btu/kWh) upper bound (proxy low-efficiency power plant) and 0 Btu/kWh lower bound (renewable generation). Delivery losses are the same as the delivery losses used for TDV. 
	Avoided source energy from incremental renewable generation varies based on RPS goals. This source energy is a represented as an RPS percentage value that increases annually. The avoided source energy can further vary based on the specific resource used, such as wind, solar or energy storage. 
	Natural gas long-run source energy is based on the percentage of renewable gas used by utilities. Increased use of renewable gas will decrease the source energy impact of retail natural gas consumption. 
	Propane long-run source energy does not vary annually because there are no renewable gas offsets that can be used to support propane. The long-run marginal source energy of 
	propane is constant and considered to be the source energy of propane gas. This long-run marginal source energy is calculated as a direct conversion factor of 100 kBtu/therm. 
	The hourly source energy determined by the CEC is used to determine compliance. 
	Energy Design Rating 2 (EDR2) 
	EDR2 is a dimensionless metric based on the TDV energy consumption of a proposed or standard design divided by the TDV energy consumption of the reference design. 
	The EDR2 is a way to express the energy performance of a building using a scoring system where 100 represents the energy performance of a reference design building meeting the efficiency requirements of the 2006 IECC. The EDR2 is similar to the energy rating index in the 2014 Residential Energy Services Network (RESNET) standard. A score of zero represents a building that has zero-net-energy consumption based on the TDV energy consumption. By combining high levels of energy efficiency with renewable energy 
	Buildings complying with the current California Building Energy Efficiency Standards are more efficient than the 2006 IECC, so most newly constructed buildings will have EDR2 scores below 100. Buildings with renewable generation can achieve a negative score. If an EDR2 is calculated for an older, inefficient home, the score would be more than 100. 
	The Total EDR2 is composed of two components, Efficiency EDR2 and PV/flexibility EDR2. 
	The efficiency EDR2 is based on the energy efficiency features of the building. PV/flexibility EDR2 includes the effects of the PV system, battery storage system, precooling, and other demand-responsive measures. Total EDR2 combines the efficiency EDR2 and PV/flexibility EDR2 into one final score. 
	The efficiency EDR2 does not include solar electric generation but can include a self-utilization credit for batteries. The total EDR2 includes the effects of solar generation and any battery storage beyond the self-utilization credit. 
	1.8 Self-Utilization Credit 
	When a PV system is coupled with a battery storage systemBESS, the compliance software allows a portion of the PV/flexibilityphotovoltaic and BESS EDR2LSC and Source to be traded against the Eefficiency EDR2LSC and /Source. 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  .Section 2.1.5.6 “Self-Utilization Credit.” 
	2.1.5
	2.1.5

	Self-Utilization Credit
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	 Demand Response 
	Appropriate demand response controls allow building operators to reduce LSCTDV energy by automating the response of a building to changes in utility costs. Demand response is an increasingly important function as distributed energy resources become more common, as customers have access to time-of-use (TOU) electricity rates, and incentive programs 
	are designed to encourage customers to reduce energy use during peak demand. Demand response occurs on a range of timescales from seconds to seasons and represents any demand change in response to grid or economic needs. 
	1.9 Heat Pump Water Heating Load Shifting 
	Any Reference Appendices, Joint Appendix JA13-compliant HPWH will receive LSC credit for each climate zone according to Error! Reference source not found.Table 25: JA13 HPWH Basic Control Credit. The LSC percentage reduction is applied upon the completion of the compliant simulation run. Note that this reduction only applies to the water heating LSC values. 
	Table 125: JA13 HPWH Basic Control Credit 
	 
	Climate Zone 
	Climate Zone 
	Climate Zone 
	Climate Zone 
	Climate Zone 

	JA13 Credit (%) 
	JA13 Credit (%) 



	1 
	1 
	1 
	1 

	6.7 
	6.7 


	2 
	2 
	2 

	3.7 
	3.7 


	3 
	3 
	3 

	7.6 
	7.6 


	4 
	4 
	4 

	4.0 
	4.0 


	5 
	5 
	5 

	8.5 
	8.5 


	6 
	6 
	6 

	6.8 
	6.8 


	7 
	7 
	7 

	8.8 
	8.8 


	8 
	8 
	8 

	4.4 
	4.4 


	9 
	9 
	9 

	4.4 
	4.4 


	10 
	10 
	10 

	4.4 
	4.4 


	11 
	11 
	11 

	4.2 
	4.2 


	12 
	12 
	12 

	4.7 
	4.7 


	13 
	13 
	13 

	8.0 
	8.0 


	14 
	14 
	14 

	3.1 
	3.1 


	15 
	15 
	15 

	8.2 
	8.2 


	16 
	16 
	16 

	22.7 
	22.7 




	 
	1.4.1 1.10 Precooling 
	Precooling represents a program where special thermostats in homes receive signals from the local utility that alter the occupant’s normal behavior to reduce air-conditioning energy consumption during peak electricity demand periods. The house is precooled to a lower-than-normal set point in the hours preceding the onset of the peak and then the thermostat is returned to the normal setting for the peak period. The thermal mass of the structure and furnishings absorbs the cooling load as the house warms up, 
	CBECC-Res Pprecooling simulations alter the thermostat set points only during daylight hours on days when the average daily outdoor temperature is greater than 78° F, and the peak hourly TDVelectricity values are in the top 20 for the yearhigh. On those days, the precooling period thermostat setpoint depends on the predicted outdoor temperature for the day as plotted in Figure 1. 
	Figure 1: Precooling Thermostat Set point
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	Figure 1: Precooling Thermostat Set point 
	 
	 
	Figure
	Source: California Energy Commission 
	The savings compliance credit due to Pprecooling are is reduced to 30% of the LSC value of perfect operation by 70% to account for unreliable occupant behavior that might reduce its effectiveness in real actual homes. 
	 
	 
	2 Proposed, and  Standard, and Reference Design 
	2.1 Overview 
	This chapter describes how the EDRs are calculated, how the proposed design is modeled, and how the standard design is established. 
	2.1.1 Energy Design Rating 
	A lower EDR1 score represents lower source energy consumption. The EDR1 score is a metric of the proposed design source energy divided by the reference design source energy budget. An EDR1 score is calculated for the proposed design and a second EDR1 score is calculated for the standard design. The proposed design EDR1 must be equal to or less than the standard design EDR1. 
	An EDR2 score of zero represents a building that has zero-net-energy performance based on the TDV energy consumption, and an EDR2 score of 100 represents a building that is minimally compliant with the 2006 International Energy Conservation Code. The EDR2 score is a ratio of proposed design TDV budget to reference design TDV budget.  
	An Efficiency EDR2 and Total EDR2 score are calculated for the proposed design and a second Efficiency EDR2 and Total EDR2 score are calculated for the standard design. Compliance with EDR2 requires meeting two criteria: 
	•
	•
	•
	 Proposed design Efficiency EDR2 must be equal to or less than standard design Efficiency EDR2. The EDR2 is established by the ratio of the standard design or proposed design space heating, space cooling, indoor air quality (IAQ) ventilation, water heating, self-utilization credit TDV energy consumption, and the reference design TDV energy consumption of the same end uses. 

	•
	•
	 Total EDR2 (Efficiency EDR2, plus PV/flexibility EDR2) of the proposed design must be equal to or less than the Total EDR2 of the standard design. The Total EDR2 is established by the ratio of the standard design or proposed design efficiency end uses plus interior lighting, appliances, cooking, plug loads, exterior lighting, and PV generation and flexibility measures TDV energy consumption and the reference design TDV energy consumption of the same end uses. 
	L
	Span
	•
	•
	 Air handler power. The air handler power is 0.8 watts per cubic feet of airflow per minute (W/CFM). 

	•
	•
	 Air infiltration rate. The air infiltration rate is 7.2 air changes per hour at 50 pascals of pressurization (ACH50). 

	•
	•
	 Cooling airflow. The air handler airflow is 300 cubic feet of airflow per minute per ton of cooling capacity (CFM/ton). 

	•
	•
	 Duct R-value. The duct R-value is R-8. 

	•
	•
	 Duct leakage rate. The duct leakage rate is modeled as a heating, ventilation, and air-conditioning (HVAC) distribution efficiency of 80 percent. 

	•
	•
	 Quality insulation installation (QII). QII is modeled as “Yes.” 

	•
	•
	 Wall construction. Climate Zones 2–15 have 2x4 R-13 walls. Climate Zones 1 and 16 have 2x6 R-19 walls. 

	•
	•
	 Roof/ceiling construction. Climate Zones 2–15 have R-30 ceiling. Climate Zones 1 and 16 have R-38 ceiling. No climate zones include radiant barriers or cool roofs. 

	•
	•
	 Raised floor construction. Climate Zones 2–15 have 2x10 R-19 floors. Climate Zones 1 and 16 have 2x10 R-30 floors. 

	•
	•
	 Slab edge insulation. Climate Zones 1 and 16 include R-10 insulation 24 inches deep. 

	•
	•
	 Window U-factors. Climate Zones 2–15 have 0.65 U-factor. Climate Zones 1 and 16 have 0.35 U-factor. 

	•
	•
	 Window SHGC. All windows have 0.4 SHGC. 

	•
	•
	 Window area. When the window area is below 18 percent of the floor area, the reference design has the same area as the proposed design. Above 18 percent, the reference design has 18 percent. 

	•
	•
	 HVAC equipment efficiencies. HVAC equipment meets National Appliance Energy Conservation Act (NAECA) requirements in effect in 2006 such as 78 percent AFUE for gas central furnace, and 13 SEER for central air conditioning. 

	•
	•
	 Water-heating efficiency. Water heating modeled as a 40-gallon storage water with a 0.594 energy factor (EF) if gas or a 0.9172 EF if electric. 

	•
	•
	 Appliance and plug-load energy use and internal gains. Energy use and internal gains for appliance and miscellaneous plug loads are modeled as specified the ANSI/RESNET/ICC 301-2014 Standard. 





	2.1.22.1.1 Proposed Design 
	The single-family residential building configuration is defined by the user through entries that include floor areas, wall areas, roof areas, ceiling areas, window areas, skylight areas, and door areas. The user also specifies performance characteristics such as R-values, solar heat gain coefficient (SHGC), solar reflectance, and thermal emittance are required inputs. Information about the orientation and tilt is also required for roofs, and exterior walls. Details about the HVAC and water heating systems, 
	and battery storageBESS, are also defined by the user. The user entries for all building elements should be consistent with the actual building design. If the compliance software models the specific geometry of the building by using a coordinate system or graphic entry technique, the data generated should be consistent with the actual building design. 
	2.1.32.1.2 Standard Design 
	The standard design building, from which the energy budget is established, is in the same location and has the same geometry as the proposed design, except the wall and window areas are distributed equally among the four cardinal directions (north, east, south, and west). For additions and alterations, the standard design shall have the same wall and fenestration areas and orientations as the proposed building. The details are described below. 
	The energy budget for the residential standard design is the energy that would be used by a building similar tothat has all of the same features as the proposed design except the if the proposed building met minimally meets 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 fo
	The basis of the standard design is the prescriptive requirements from the Energy Code Section 150.1(c) of the Energy Code, Table 150.1-A. 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 JA2.1.1. 
	The following sections 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 
	2.1.4 Reference Design 
	The reference design is calculated using the same inputs, assumptions, and algorithms as the standard design except for the following requirements: 
	2.1.52.1.3 Photovoltaics Requirements 
	The PV system requirements are applicable to newly constructed single-family residential buildings and describedas specified in Section 150.1(c)14. PV system details are from PVWatts, which is a web applicationbased on the publicly available System Advisor Model algorithms developed by the National Renewable Energy Laboratory. See Appendix F for more information. 
	STANDARD DESIGN 
	The standard design PV system (based on California flexible installation [CFI] assumptions) is sized according to the prescriptive table in xxxmeet the requirements of Section 150.1(c)14.to generate enough electricity to offset the entire annual electricity consumption for a mixed-fuel building that meets all the 2022 prescriptive requirements. 
	The compliance summary tab in CBECC-Res provides energy consumption information for the building, including photovoltaic and battery systems (). 
	Figure 2: Energy Use Details
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	For PV system sizing calculations, the compliance software assumesThe standard design is based on an azimuth of the CFI orientation 170 degrees, standard efficiency for modules, inverter efficiency of 96 percent, fixed tracking, standard zero (excluding horizon) shadingno shading except for horizon shading, roof tilt of 22.61 degrees (5:12 pitch), and annual solar access percentage of 98 percent. 
	 
	PROPOSED DESIGN 
	The proposed PV system is input by the user including sized to offset the entire annual electricity consumption of the proposed design. 
	For PV sizing calculations, the software includesby user-defined values for: 
	•
	•
	•
	 Array orientationazimuth of the actual installation, or including choosing CFI1 (installation of 150–270 degrees), or CFI2 (installation of 105-300 degrees) 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), or thin film (in other words, low efficiency such as 11 percent). 

	•
	•
	 Inverter efficiency. 

	•
	•
	 Array tilt in degrees or rRoof pitch of the actual installation, or choosing CFI1 or CFI2 (installation up to 7:12). 

	•
	•
	 CFI2 reduces PV production by 10% compared to CFI1. 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.  

	•
	•
	 Array tracking type including fixed, single-axis tracking, and two-axis tracking. 

	•
	•
	 Annual solar access percentage, excluding horizon shading, of the modules. 


	The PV system size is reported in kWdc. 
	 
	Figure 2: Energy Use Details 
	 
	Figure
	Source: California Energy Commission 
	COMMUNITY SOLAR 
	For projects that use an approved Neighborhood Solar Shares (NSS) program to provide the required PV system, click the “Use Community Solar” checkbox on the EDR/PV tab and select the NSS program from the drop-down list. The compliance software will automatically use the PV characteristics of the NSS program site and system to size the required NSS shares PV system for the building. 
	Figure 223: Community Solar 
	 
	Figure
	Figure
	Source: California Energy Commission 
	Exceptions to the PV Requirements 
	• No PV system is required if the solar access roof area (SARA) is less than 80 contiguous square feet. The SARA of the building is described in Section150.1(c)14 of the Energy Code. 
	• No PV system is required when the minimum PV system size specified by Section150.1(c)14 of the Energy Code is less than 1.8 kWdc. 
	• Buildings with enforcement-authority-approved roof designs, where the enforcement authority determines it is not possible for the PV system - including panels, modules, components, supports, and attachments to the roof structure - to meet the requirements of the American Society of Civil Engineers (ASCE), Standard 7-16, Chapter 7, Snow Loads. 
	• For buildings that are approved by the local planning department before January 1, 2020, with mandatory conditions for approval, shading from roof designs and configurations for steep-sloped roofs, which are required by the mandatory conditions for approval, shall be considered for the annual solar access calculations and roof areas that are not allowed by the mandatory conditions for approval to have PVs shall not be considered in determining the SARA. 
	• PV system sizes determined using Equation 150.1-C may be reduced by 25 percent if installed in conjunction with a battery storage system. The battery storage system shall meet the qualification requirements specified in Joint Appendix JA12 and have a minimum usable capacity of 7.5 kWh. 
	When the solar electric generation system meets one of the prescriptive exceptions in Section 150.1(c)14, the standard design is modeled with an appropriately sized a PV system dictated by the exception limit. The proposed design is modeled with a system size shall that does not exceed the PV size required by the standard design. When the solar electric generation system size is determined based on a limited SARA, the proposed design system size shall not exceed the SARA-determined size. 
	VERIFICATION AND REPORTING 
	The PV system details are reported as special features on the CF1R. 
	Specifying Target Energy Design Rating 
	The software provides the option of specifying a PV size based on a user-specified target EDR. When this option is selected, the software calculates the required PV size based on the following parameters: 
	 
	 
	 
	The user-defined target EDRW2 

	 
	 
	The size of the battery storage system and the battery control strategy 

	 
	 
	The proposed annual kWh budget of the building 


	2.1.4 Battery Energy Storage System 
	Detailed calculations for PV and battery storageBESS are included in Appendices C and D. When a PV system and BESS are included on site, energy generated by the PV system should first prioritize offsetting site energy usage, followed by charging the BESS to be discharged to offset later site energy usage for load shifting, and lastly be sentexporting to the utility grid. 
	The compliance software provides credit for a battery storage systemBESS, dependent on the compliance cycling capacity as specified in Reference Appendices, Joint Appendix JA12, coupled with a PV system array. If specified, the battery storage sizecompliance cycling 
	capacity must be 5 kWh or larger. For Part 6Energy Code compliance, the PV system has no effect on energy efficiency requirements or the Eefficiency EDR2LSC or Source unless a battery storage systemBESS is included, and the self-utilization credit is modeled. 
	The compliance Including a battery storage system allows downsizing the PV system to reach a specific EDR2 target. 
	Ssoftware includes a checkbox option to allow excess PV system generation credit for above-code programs to the extent that excess generation is allowed by the utility. This option, combined with a battery storage systemBESS, allows any PV system size with to impactfull EDR2 Total LSC and Source Energy credit. 
	BATTERY ENERGY STORAGE SYSTEM CONTROLS 
	The default control strategy used is the basic control strategy as described in Referenced Appendices, Joint Appendix JA12.  
	The controls for separate energy storage systemsBESS strategy as described in Reference Appendices, Joint Appendix JA12 is provided as an alternative control strategy when an energy storage system is installed separate from an on-site solar photovoltaic system. 
	 
	The three control options available are: 
	• Basic (Default Control). A simple control strategy that provides a modest credit. The software assumes that the batteries are charged anytime PV generation (generation) is greater than the house load (load); conversely, the batteries are discharged when load exceeds generation. This control strategy does not allow the batteries to discharge into the grid. 
	• Time of Use. To qualify for the TOU control, the battery storage system shall be installed in the default operation mode to allow charging from an on-site PV system or from the utility grid if a stand-alone battery storage system. The battery storage system shall begin discharging during the highest-priced TOU hours of the day, which varies by time of the year and the local utility. At a minimum, the system shall be capable of programming three seasonal TOU schedules, such as spring, summer, and winter. T
	• Advanced Demand Flexibility Control. To qualify for the advanced demand flexibility control, the battery storage system shall be programmed by default as basic control or TOU control, as described above. The battery storage control shall meet the demand-responsive control requirements specified in Section 110.12(a). The battery storage system shall have the capability to change the charging and discharging periods in response to signals from the local utility or a third-party aggregator. Upon receiving a 
	VERIFICATION AND REPORTING 
	The PV required size and battery system storageBESS details are reported as special features on the CF1R. 
	2.1.5 Self-Utilization Credit 
	The 2022 Energy Code does not allow a tradeoff between the eEfficiency EDR2LSC and Source and the effect of the PV system on the tTotal EDR2LSC/Source unless battery storageBESS is provided. When the PV system is coupled with at least a 5 kWh battery storage systemJA12 BESS, the compliance software allows a portion of the PV/flexibilityphotovoltaic and BESS EDR2LSC and Source to be traded against the Eefficiency EDR2LSC/Source. A modest self-utilization credit can be used for tradeoffs against building enve
	Table 2: Self Utilization CreditsTable 1: Self Utilization Credits
	Table 2: Self Utilization CreditsTable 1: Self Utilization Credits


	The magnitude of the credit is equal to the 90 percent of the difference between the 20252 and 2016 Standards envelope requirements., including:. 
	The following envelope features were used to represent the 2016I Standards: 
	•
	•
	•
	 Below-deck batt roof insulation value of R-19 for the 2022 Standards, and R-13 for the 2016 Standardclimate zones 4 and 8 – 16. 

	•
	•
	 Wall U-factor of 0.048 for the 2022 Standards and U-factor of 0.051 for the 2016 Standards climate zones 1 – 5 and 8 – 16 and U-factor of 0.065 for climate zones 6 and 7. 

	•
	•
	 Window U-factor of 0.3027 for the 20252 Standards, and window U-factor of 0.32 for the 2016 Standardsclimate zones 1 – 16. 

	•
	•
	 In cooling climate zones, wWindow SHGC of 0.23 for the 20252 Standards, and 0.25 for the 2016 Standardsclimate zones 2, 4, and 6-16, and not required in climate zones 1, 3, and 5. 

	•
	•
	 QII requirement in the 2022 standards, and nNo QII requirements in the 2016 Standards. 


	The following envelope features were used to represent the 2025 Standards: 
	L
	Span
	•
	•
	 Below-deck batt roof insulation value of R-19 for climate zones 4 and 8-16. 

	•
	•
	 Wall U-factor of 0.048 for climate zones 1 – 5 and 8 – 16 and U-factor of 0.065 for climate zones 6 and 7. 

	•
	•
	 Window U-factor of 0.27 for climate zones 1 – 5, 11 – 14 and 16, and U-factor of 0.30 for climate zones 6 – 10 and 15.  

	•
	•
	 Window SHGC of 0.23 in climate zones 2, 4, and 6-14, SHGC of 0.20 for climate zone 15, and not required in climate zones 1, 3, 5, and 16. 

	•
	•
	 QII required in all climate zones.  


	Table 21: Self Utilization Credits 
	Climate Zone 
	Climate Zone 
	Climate Zone 
	Climate Zone 
	Climate Zone 

	Single-Family 
	Single-Family 



	01 
	01 
	01 
	01 

	1013% 
	1013% 


	02 
	02 
	02 

	711% 
	711% 


	03 
	03 
	03 

	1011% 
	1011% 


	04 
	04 
	04 

	911% 
	911% 


	05 
	05 
	05 

	1311% 
	1311% 


	06 
	06 
	06 

	84% 
	84% 


	07 
	07 
	07 

	46% 
	46% 


	08 
	08 
	08 

	1016% 
	1016% 


	09 
	09 
	09 

	1013% 
	1013% 


	10 
	10 
	10 

	1013% 
	1013% 


	11 
	11 
	11 

	1013% 
	1013% 


	12 
	12 
	12 

	1014% 
	1014% 


	13 
	13 
	13 

	1012% 
	1012% 


	14 
	14 
	14 

	1012% 
	1012% 


	15 
	15 
	15 

	911% 
	911% 


	16 
	16 
	16 

	12% 
	12% 




	Source: California Energy Commission 
	Carbon Dioxide Emissions 
	For every hour of the year, the compliance software calculates all energy end uses in the house, including HVAC, water heating, indoor air quality (IAQ), plug loads, appliances, inside and exterior lighting, and PV system generation. Based on these hourly calculations, the software calculates photovoltaic PV electricity generation that serves the house loads (which reduces the electricity purchased from the grid) and the hourly exports back to the grid. Next, the software applies source energy factors that 
	The software reports CO2 generation for: 
	1.
	1.
	1.
	 Total CO2 generation. 

	2.
	2.
	 CO2 generation excluding exports to the grid (self-use only). 


	Peak Cooling kWh 
	 
	2.2 The Building 
	PROPOSED DESIGN 
	The building is defined through entries for zones, surfaces, and equipment. Zone types include attic, conditioned space, crawl space, basements, and garages. The roof is defined as either part of the attic or part of a cathedral ceiling (also called a rafter roof). The software models surfaces separating conditioned space from exterior or unconditioned spaces (such as a garage or storage) as interior surfaces adjacent to the unconditioned zone. Exterior surfaces of an attached garage or storage space are mo
	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, and SHGC. The orientation and tilt () are required for envelope elements. 
	Figure 3: Surface Definitions
	Figure 3: Surface Definitions

	Figure 4: Surface Definitions
	Figure 4: Surface Definitions


	Building elements are to be consistent with the actual building design and configuration. 
	STANDARD DESIGN 
	To determine the standard design for single-family residential buildings, the compliance software creates a building with the same general characteristics (number of stories, attached garage, climate zone) and with wall and window areas distributed equally among the four cardinal directions. Envelope and HVAC performance inputs are set to the prescriptive requirements in Section 150.1(c) and Table 150.1-A for single-family residential buildings. For additions and alterations, the standard design for existin
	VERIFICATION AND REPORTING 
	All inputs that are used to establish compliance requirements are reported on the CF1R for verification. 
	REFERENCE DESIGN 
	To determine the reference design for single-family residential buildings, a building with the same general inputs, assumptions, and algorithms as the standard design building is modeled except for the following requirements: 
	L
	Span
	•
	•
	 Duct R-value. The duct R-value is R-8. 

	•
	•
	 Wall construction. Climate Zones 2–15 have 2x4 R-13 walls. Climate Zones 1 and 16 have 2x6 R-19 walls. 

	•
	•
	 Roof/ceiling construction. Climate Zones 2–15 have R-30 ceiling. Climate Zones 1 and 16 have R-38 ceiling. No climate zones include radiant barriers or cool roofs. 


	•
	•
	•
	 Floor construction. Climate Zones 2–15 have 2x10 R-19 floors. Climate Zones 1 and 16 have 2x10 R-30 floors. 

	•
	•
	 Slab edge insulation. Climate Zones 1 and 16 include R-10 insulation 24 inches deep. 

	•
	•
	 Window U-factors. Climate Zones 2–15 have a U-factor of 0.65. Climate Zones 1 and 16 have a U-factor of 0.35. 

	•
	•
	 Window SHGC. All windows have 0.40 SHGC. 

	•
	•
	 Window area. When the window area is below 18 percent of the floor area, the reference design has the same area as the proposed design. Above 18 percent, the reference design has 18 percent. 

	•
	•
	 HVAC equipment efficiencies. HVAC equipment meets NAECA requirements in effect in 2006 such as 78 percent AFUE for gas central furnace, and 13 SEER for central AC. 

	•
	•
	 Water-heating efficiency. Water heating modeled as a 40-gallon storage water with a 0.594 Energy Factor (EF) if gas, or a 0.9172 EF if electric. 


	Figure 334: Surface Definitions 
	 
	InlineShape

	Source: California Energy Commission 
	2.2.1 Climate and Weather 
	PROPOSED DESIGN 
	The user specifies the climate zone based on the zip code of the proposed building. Compliance requirements, weather, design temperatures, and TDV LSC of energy factors are a function of the climate zone. Compliance software assumes that the ground surrounding residential buildings has a reflectivity of 20 percent in summer and winter. 
	STANDARD DESIGN 
	The standard design climate zone is the same as the proposed design. 
	VERIFICATION AND REPORTING 
	The zip code and climate zone of the proposed design are reported on the CF1R for verification. 
	2.2.2 Standards Version 
	This input determines the appropriate federal appliance efficiency requirements for the standard design to compare with the proposed design. 
	PROPOSED DESIGN 
	The user inputs Compliance 20263. 
	STANDARD DESIGN 
	The standard design cooling and heating equipment efficiency is based on the federal requirements where applicable. A minimum SEER/SEER2 and, EER/EER2, HSPF2, Annual Fuel Utilization Efficiency (AFUE) (ifas applicable) that meet the current standard for the type of equipment are modeled. 
	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
	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 1
	VERIFICATION AND REPORTING 
	Compliance version is reported on the CF1R.  
	2.2.3 Existing Condition Verified 
	These inputs are used for additions and alterations. The standard design for existing conditions varies based on whether the existing conditions are verified by an Home Energy Rating System (HERS)ECC rater before construction. See   Section 2.10.5 Existing + Addition + Alteration Approach for more information. 
	2.10.5
	2.10.5

	Existing + Addition + Alteration Approach
	Existing + Addition + Alteration Approach


	PROPOSED DESIGN 
	The user inputs either yes or no. “Yes” indicates that the existing building conditions has been, or will be, verified by a HERSECC Rater. The default assumption is “no.” 
	STANDARD DESIGN 
	The standard design assumption is based on the Energy Code Section150.2(b), Table 150.2-GD. If the user input is “no,” the standard design for the existing component is based on the value in the second column (Standard Design Without Third Party Verification of Existing 
	Conditions Shall be Based On). If the proposed design response is “yes,” the standard design value for the existing components is the value in the third column (Standard Design With Third Party Verification of Existing Conditions Shall be Based On). 
	VERIFICATION AND REPORTING 
	Verification of existing conditions is a special feature and is reported in the HERSECC-required verification listings on the CF1R. 
	2.2.4 Air Leakage and Infiltration 
	Air leakage is a building-level characteristic. 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. 
	Building Air Leakage and Infiltration (ACH50) 
	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. 
	Specific data on ACH50 may be entered if the single-family home or townhouse will have verified building air leakage testing. 
	PROPOSED DESIGN 
	ACH50 defaults to 5 for newly constructed buildings in single-family houses and townhomes and 7 for all other buildings that have heating and cooling system ducts, or both, outside conditioned space, and for buildings with no cooling system. In single-family homes and townhomes with no ducts in unconditioned space, the default ACH50 is 4.4 and 6.2 for all other buildings. 
	Specific data on ACH50 may be entered if the single-family home or townhouse will have verified building air leakage testing. User input of an ACH50 that is less than the default value becomes a special feature requiring HERSECC verification. 
	STANDARD DESIGN 
	The standard design shall have five ACH50 for single-family homes and seven for other buildings (ducted space-conditioning). 
	VERIFICATION AND REPORTING 
	When the user chooses verified building air leakage testing (any value less than the standard design), diagnostic testing for reduced infiltration, with details and target values modeled in the proposed design, is reported in the HERSECC-required verification listing on the CF1R. 
	Defining Air Net Leakage Distribution 
	The compliance software creates an air leakage network for the proposed and standard design using the building description. Air leakage is distributed by the compliance software across the envelope surfaces according to the factors in . The air network is insensitive to wind direction. For buildings modeled with multiple conditioned zones, either a 20-square-foot open door or 30-square-foot open stairwell (in a multistory building) is assumed between any two conditioned zones. 
	Table 3: Air Leakage Distribution (Percentage of Total Leakage by Surface)Table 2: Air Leakage Distribution (Percentage of Total Leakage by Surface)Table 2: Air Leakage Distribution (Percentage of Total Leakage by Surface)
	Table 3: Air Leakage Distribution (Percentage of Total Leakage by Surface)Table 2: Air Leakage Distribution (Percentage of Total Leakage by Surface)Table 2: Air Leakage Distribution (Percentage of Total Leakage by Surface)


	 Table 32: Air Leakage Distribution (Percentage of Total Leakage by Surface) 
	Building Configuration 
	Building Configuration 
	Building Configuration 
	Building Configuration 
	Building Configuration 

	Ceilings 
	Ceilings 

	Floors 
	Floors 

	Exterior Walls 
	Exterior Walls 

	House to Garage 
	House to Garage 



	Slab on Grade 
	Slab on Grade 
	Slab on Grade 
	Slab on Grade 

	50 
	50 

	0 
	0 

	N/A 
	N/A 

	N/A 
	N/A 


	Raised Floor 
	Raised Floor 
	Raised Floor 

	40 
	40 

	10 
	10 

	N/A 
	N/A 

	N/A 
	N/A 


	No Garage 
	No Garage 
	No Garage 

	N/A 
	N/A 

	N/A 
	N/A 

	50 
	50 

	0 
	0 


	Attached Garage 
	Attached Garage 
	Attached Garage 

	N/A 
	N/A 

	N/A 
	N/A 

	40 
	40 

	10 
	10 




	Source: California Energy Commission 
	The only difference between the air network for the proposed and standard designs is the ACH50 if the user specifies a value lower than the default. 
	2.2.5 Quality Insulation Installation 
	The compliance software user may specify quality insulation installation (QII) for the proposed design as “yes” or “no.” The effective R-value of cavity insulation is reduced, as shown in   in buildings with no QII. When set to “no,” framed walls, ceilings, and floors are modeled with added winter heat flow between the conditioned zone and attic to represent construction cavities open to the attic. QII does not affect the performance of continuous sheathing in any construction. 
	Table 4: Modeling Rules for Unverified Insulation Installation QualityTable 3: Modeling Rules for Unverified Insulation Installation Quality
	Table 4: Modeling Rules for Unverified Insulation Installation QualityTable 3: Modeling Rules for Unverified Insulation Installation Quality

	Table 3

	PROPOSED DESIGN 
	The compliance software user may specify compliance with QII. The default is “no” for QII. 
	STANDARD DESIGN 
	The standard design is modeled with “yes” for verified QII for newly constructed single-family residential buildings and additions greater than 700 square feet in all climate zones.  
	VERIFICATION AND REPORTING 
	The presence of QII is reported in the HERSECC-required verification listings on the CF1R. Verified QII is certified by the installer and field verified to comply with RA3.5. Credit for verified QII 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 43: Modeling Rules for Unverified Insulation Installation Quality 
	Component 
	Component 
	Component 
	Component 
	Component 

	Modification  
	Modification  



	Walls, Floors, Attic Roofs, Cathedral Ceilings 
	Walls, Floors, Attic Roofs, Cathedral Ceilings 
	Walls, Floors, Attic Roofs, Cathedral Ceilings 
	Walls, Floors, Attic Roofs, Cathedral Ceilings 

	Multiply the cavity insulation R-value/inch by 0.7. 
	Multiply the cavity insulation R-value/inch by 0.7. 


	Ceilings Below Attic 
	Ceilings Below Attic 
	Ceilings Below Attic 

	Multiply the blown and batt insulation R-value/inch by 0.96-0.00347*R. 
	Multiply the blown and batt insulation R-value/inch by 0.96-0.00347*R. 


	Ceilings Below Attic 
	Ceilings Below Attic 
	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. 
	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 
	2.2.6 Number of Bedrooms 
	PROPOSED DESIGN 
	The number of bedrooms in a building is used to establish the IAQ mechanical ventilation requirements and determine if a building qualifies as a compact building for incentive programs. The number of bedrooms has a direct effect on water heating use. 
	For non-dwelling units, the number of bedrooms is zero. In this case, there is no water heating load. 
	STANDARD DESIGN 
	The standard design shall have the same number of bedrooms as the proposed design. 
	VERIFICATION AND REPORTING 
	The number of bedrooms is reported on the CF1R for use in field verification. 
	2.2.7 Front Orientation 
	The input for the building front orientation is the actual azimuth of the front of the building. This azimuth will generally be the side of the building facing the street or where the front door is located. The orientations of the other sides of a building viewed from the outside looking at the front door are called front, left, right, back, or a value relative to the front, and the compliance software calculates the actual azimuth from this input.  
	For homes that may be built in any orientation, such as a subdivision, multiple orientation compliance can be selected for newly constructed buildings only. When selected the software will model the building using the four cardinal directions (north, east, south, and west). 
	PROPOSED DESIGN 
	The user specifies whether compliance is for multiple orientations or a site-specific orientation. For site-specific orientation, the user inputs the actual azimuth of the front in degrees from true north. 
	STANDARD DESIGN 
	The compliance software constructs a standard design building that has 25 percent of the proposed model wall and window areas facing each cardinal orientation regardless of the proposed model distribution of wall and window area. 
	VERIFICATION AND REPORTING 
	A typical reported value would be “290 degrees.” This value would indicate that the front of the building faces north 70° west in surveyors’ terms. When compliance is shown for multiple orientations, “all orientations” or “cardinal” is reported as on the CF1R, and the energy use results are reported for four orientations including north, east, south, and west. 
	2.2.8 Fuel Type 
	For newly constructed single-family residential buildings, the standard design fuel type is based on the proposed design fuel type. Tthe user specifies natural gas if available (see Energy Code, Section 100.1[b] for definition of Natural Gas Availability), or propane, if natural gas is not available. The user also identifies the fuel type for cooking appliances, clothes dryer, heating equipment, and water-heating equipment. This specification is to establish the LSCTDV values from Reference Appendices, Join
	For projects with a run scope of “addition alone,” natural gas is available if a gas service line can be connected to the site without a gas main extension. Natural gas is considered available for additions or alteration projects or both if a gas service line is connected to the existing building. 
	PROPOSED DESIGN 
	The user specifies either natural gas, or propane. 
	Standard Design 
	The standard design assumptions for space heating are as defined in  Section 2.4.1 Heating Subsystems, and those for water heating are defined in   Section 2.9 Domestic Hot Water (DHW). 
	2.4.1
	2.4.1

	Heating Subsystems
	Heating Subsystems

	2.9
	2.9

	Domestic Hot Water (DHW)
	Domestic Hot Water (DHW)


	2.2.9 Attached Garage 
	The user specifies whether there is an attached garage. The garage zone is modeled as an unconditioned zone ( ). 
	2.8Section 2.8 Garage/Storage
	2.8Section 2.8 Garage/Storage

	Garage/Storage
	Garage/Storage


	PROPOSED DESIGN 
	The user specifies whether there is an attached unconditioned space or garage. 
	STANDARD DESIGN 
	The standard design has the same assumption as the proposed design. 
	VERIFICATION AND REPORTING 
	Features of an attached unconditioned space that affect compliance are reported on the CF1R. 
	2.2.10  Lighting 
	The details of the calculation assumptions for lighting loads included in Appendix E are based on the Codes and Standards Enhancement (CASE) report on plug loads and lighting (Rubin 2016, see Appendix F). 
	PROPOSED DESIGN 
	Fraction of portable lighting, power adjustment multiplier, and the exterior lighting power adjustment multiplier (watts/ft2 — watts per square foot) are fixed assumptions. 
	STANDARD DESIGN 
	The standard design lighting is set equal to the proposed design lighting. 
	VERIFICATION AND REPORTING 
	No lighting information is reported on the CF1R for compliance with Title 24, Part 6the Energy Code. 
	2.2.11   Appliances 
	The details of the calculation assumptions for appliances and plug loads contained in Appendix E are based on the Codes and Standards Enhancement (CASE) report on plug loads and lighting (Rubin 2016, see Appendix F). 
	PROPOSED DESIGN 
	All buildings with kitchens are assumed to have a refrigerator, dishwasher, and cooking appliance. Optionally, buildings can have a clothes washer and clothes dryer in the conditioned space. The user can select fuel type as gas or electric for the clothes dryer and cooking appliance. 
	STANDARD DESIGN 
	The standard design appliances are set equal to the proposed appliances. 
	VERIFICATION AND REPORTING 
	No information for the appliance types listed above is reported on the CF1R for compliance with Title 24, Part 6the Energy Code. 
	2.3 Building Materials and Construction 
	2.3.1 Materials 
	Only materials approved by the CEC may be used in defining constructions. Additional materials may be added to the compliance manager through an exceptional method application, as outlined in Section 10-109(e) and Section 10-110. 
	 shows a partial list of the materials available for construction assemblies. 
	Table 5: Materials ListTable 4: Materials List
	Table 5: Materials ListTable 4: Materials List

	Table 4
	Table 4


	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 54: Materials List 
	Material Name 
	Material Name 
	Material Name 
	Material Name 
	Material Name 

	Thickness (in.) 
	Thickness (in.) 

	Conductivity (Btu/h-°F-ft) 
	Conductivity (Btu/h-°F-ft) 

	Coefficient for Temperature Adjustment of Conductivity (°F (-1)) 
	Coefficient for Temperature Adjustment of Conductivity (°F (-1)) 

	Specific Heat (Btu/lb-°F) 
	Specific Heat (Btu/lb-°F) 

	Density (lb/ft3) 
	Density (lb/ft3) 

	R-Value per Inch (°F-ft2-h/ Btu-in) 
	R-Value per Inch (°F-ft2-h/ Btu-in) 



	Gypsum Board  
	Gypsum Board  
	Gypsum Board  
	Gypsum Board  

	0.5 
	0.5 

	0.09167 
	0.09167 

	0.00122 
	0.00122 

	0.27 
	0.27 

	40 
	40 

	0.9091 
	0.9091 


	Wood Layer 
	Wood Layer 
	Wood Layer 

	Varies 
	Varies 

	0.06127 
	0.06127 

	0.0012 
	0.0012 

	0.45 
	0.45 

	41 
	41 

	1.36 
	1.36 


	Synthetic Stucco 
	Synthetic Stucco 
	Synthetic Stucco 

	0.375 
	0.375 

	0.2 
	0.2 

	N/A 
	N/A 

	0.2 
	0.2 

	58 
	58 

	0.2 
	0.2 


	3 Coat Stucco 
	3 Coat Stucco 
	3 Coat Stucco 

	0.875 
	0.875 

	0.4167 
	0.4167 

	N/A 
	N/A 

	0.2 
	0.2 

	116 
	116 

	0.2 
	0.2 


	All other siding 
	All other siding 
	All other siding 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	0.21 
	0.21 


	Carpet 
	Carpet 
	Carpet 

	0.5 
	0.5 

	0.02 
	0.02 

	N/A 
	N/A 

	0.34 
	0.34 

	12.3 
	12.3 

	4.1667 
	4.1667 


	Light Roof 
	Light Roof 
	Light Roof 

	0.2 
	0.2 

	1 
	1 

	N/A 
	N/A 

	0.2 
	0.2 

	120 
	120 

	0.0833 
	0.0833 




	Material Name 
	Material Name 
	Material Name 
	Material Name 
	Material Name 

	Thickness (in.) 
	Thickness (in.) 

	Conductivity (Btu/h-°F-ft) 
	Conductivity (Btu/h-°F-ft) 

	Coefficient for Temperature Adjustment of Conductivity (°F (-1)) 
	Coefficient for Temperature Adjustment of Conductivity (°F (-1)) 

	Specific Heat (Btu/lb-°F) 
	Specific Heat (Btu/lb-°F) 

	Density (lb/ft3) 
	Density (lb/ft3) 

	R-Value per Inch (°F-ft2-h/ Btu-in) 
	R-Value per Inch (°F-ft2-h/ Btu-in) 



	5 PSF Roof 
	5 PSF Roof 
	5 PSF Roof 
	5 PSF Roof 

	0.5 
	0.5 

	1 
	1 

	N/A 
	N/A 

	0.2 
	0.2 

	120 
	120 

	0.0833 
	0.0833 


	10 PSF Roof 
	10 PSF Roof 
	10 PSF Roof 

	1 
	1 

	1 
	1 

	N/A 
	N/A 

	0.2 
	0.2 

	120 
	120 

	0.0833 
	0.0833 


	15 PSF Roof 
	15 PSF Roof 
	15 PSF Roof 

	1.5 
	1.5 

	1 
	1 

	N/A 
	N/A 

	0.2 
	0.2 

	120 
	120 

	0.0833 
	0.0833 


	25 PSF Roof 
	25 PSF Roof 
	25 PSF Roof 

	2.5 
	2.5 

	1 
	1 

	N/A 
	N/A 

	0.2 
	0.2 

	120 
	120 

	0.0833 
	0.0833 


	TileGap 
	TileGap 
	TileGap 

	0.75 
	0.75 

	0.07353 
	0.07353 

	N/A 
	N/A 

	0.24 
	0.24 

	0.075 
	0.075 

	1.1333 
	1.1333 


	SlabOnGrade 
	SlabOnGrade 
	SlabOnGrade 

	3.5 
	3.5 

	1 
	1 

	N/A 
	N/A 

	0.2 
	0.2 

	144 
	144 

	0.0833 
	0.0833 


	Earth 
	Earth 
	Earth 

	N/A 
	N/A 

	1 
	1 

	N/A 
	N/A 

	0.2 
	0.2 

	115 
	115 

	0.0833 
	0.0833 


	SoftWood 
	SoftWood 
	SoftWood 

	N/A 
	N/A 

	0.08167 
	0.08167 

	0.0012 
	0.0012 

	0.39 
	0.39 

	35 
	35 

	1.0204 
	1.0204 


	Concrete 
	Concrete 
	Concrete 

	N/A 
	N/A 

	1 
	1 

	N/A 
	N/A 

	0.2 
	0.2 

	144 
	144 

	0.0833 
	0.0833 


	Foam Sheathing  
	Foam Sheathing  
	Foam Sheathing  

	varies 
	varies 

	varies 
	varies 

	0.00175 
	0.00175 

	0.35 
	0.35 

	1.5 
	1.5 

	Varies 
	Varies 


	Ceiling Insulation 
	Ceiling Insulation 
	Ceiling Insulation 

	varies 
	varies 

	varies 
	varies 

	0.00418 
	0.00418 

	0.2 
	0.2 

	1.5 
	1.5 

	Varies 
	Varies 


	Cavity Insulation 
	Cavity Insulation 
	Cavity Insulation 

	Varies 
	Varies 

	varies 
	varies 

	0.00325 
	0.00325 

	0.2 
	0.2 

	1.5 
	1.5 

	Varies 
	Varies 


	Vertical Wall Cavity 
	Vertical Wall Cavity 
	Vertical Wall Cavity 

	3.5 
	3.5 

	0.314 
	0.314 

	0.00397 
	0.00397 

	0.24 
	0.24 

	0.075 
	0.075 

	N/A 
	N/A 


	GHR Tile 
	GHR Tile 
	GHR Tile 

	1.21 
	1.21 

	0.026 
	0.026 

	0.00175 
	0.00175 

	0.2 
	0.2 

	38 
	38 

	N/A 
	N/A 


	ENSOPRO 
	ENSOPRO 
	ENSOPRO 

	0.66 
	0.66 

	0.03 
	0.03 

	0.00175 
	0.00175 

	0.35 
	0.35 

	2 
	2 

	N/A 
	N/A 


	ENSOPRO Plus 
	ENSOPRO Plus 
	ENSOPRO Plus 

	1.36 
	1.36 

	0.025 
	0.025 

	0.00175 
	0.00175 

	0.35 
	0.35 

	2 
	2 

	N/A 
	N/A 


	Door 
	Door 
	Door 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	5 
	5 




	Source: California Energy Commission 
	COEFFICIENT FOR TEMPERATURE ADJUSTMENT OF CONDUCTIVITY 
	The conductivity of some materials varies with temperature according to the coefficient listed. Materials that have a coefficient of zero (0) do 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/lb-°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 per inch is the resistance to heat flow for a 1-inch thick material. 
	2.3.2 Construction Assemblies 
	“Constructions” are defined by the compliance software user to characterize the envelope performance of the building. The user assembles a construction from one or more layers of materials, as shown in . 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 manager calculates a winter design U-factor that is compared to a construction that meets the prescrip
	Figure 4: Example Construction Data ScreenFigure 4: Example Construction Data Screen
	Figure 4: Example Construction Data ScreenFigure 4: Example Construction Data Screen

	Figure 5: Example Construction Data Screen
	Figure 5: Example Construction Data Screen


	Figure 445: Example Construction Data Screen 
	 
	Figure
	Source: California Energy Commission 
	ASSEMBLY TYPES 
	The types of assemblies are: 
	 
	 
	 
	Exterior wall. 

	 
	 
	Interior wall. 

	 
	 
	Underground wall. 

	 
	 
	Attic roof. 

	 
	 
	Cathedral roof. 

	 
	 
	Ceiling below attic. 

	 
	 
	Interior ceiling.cons 

	 
	 
	Interior floor. 

	 
	 
	Exterior floor (over unconditioned space or exterior). 

	 
	 
	Floor over crawl space. 


	CONSTRUCTION TYPE 
	The types of construction are: 
	 
	 
	 
	Ceiling below attic (the roof structure is not defined here, but is part of the attic), wood-framed. 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 (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  . 
	2.6.2Section 2.6.2 Ceiling Below Attic
	2.6.2Section 2.6.2 Ceiling Below Attic

	Ceiling Below Attic
	Ceiling Below Attic



	 
	 
	Cathedral ceiling (with the roof defined as part of the assembly), wood-framed. Since there is no attic, the roof structure is connected to the insulated assembly at this point. 

	 
	 
	Roof, structurally insulated panels (SIP). 

	 
	 
	Walls (interior, exterior, underground), wood- or metal-framed, or SIP. 

	 
	 
	Floors (over exterior, over crawl space, or interior). 

	 
	 
	Party surfaces separate conditioned space included in the analysis from conditioned space not included in the analysis. 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 carpet whose properties are not compliance variables are included as generic layers with st
	Walls separating the house from an attached unconditioned attic or garage are modeled as interior walls with unconditioned space as the adjacent zone, which the compliance manager recognizes as a “demising wall.” Floors over a garage are modeled as an interior or demising floor. The exterior walls, floor, and ceiling/roof of the garage are modeled as part of the unconditioned garage zone. 
	STANDARD DESIGN 
	The compliance software assembles a construction that meets the prescriptive standards for each user-defined construction or assembly. 
	VERIFICATION AND REPORTING 
	All proposed constructions, including insulation, frame type, frame size, and exterior finish or exterior condition, are listed on the CF1R. Nonstandard framing (for example, 24” on center wall framing, advanced wall framing) is reported as a special feature. 
	2.3.3 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
	2.3.3Section 2.3.3 Spray-Foam Insulation
	2.3.3Section 2.3.3 Spray-Foam Insulation

	Spray-Foam InsulationSpray-Foam Insulation
	Spray-Foam InsulationSpray-Foam Insulation

	Table 6: Required Thickness Spray-Foam Insulation (in inches)Table 5: Required Thickness Spray-Foam Insulation (in inches)
	Table 6: Required Thickness Spray-Foam Insulation (in inches)Table 5: Required Thickness Spray-Foam Insulation (in inches)

	Table 5: Required Thickness Spray-Foam Insulation (in inches)
	Table 5: Required Thickness Spray-Foam Insulation (in inches)


	Table 65: Required Thickness Spray-Foam Insulation (in inches) 
	1.Required Equivalent R-values for SPF iInsulation 
	1.Required Equivalent R-values for SPF iInsulation 
	1.Required Equivalent R-values for SPF iInsulation 
	1.Required Equivalent R-values for SPF iInsulation 
	1.Required Equivalent R-values for SPF iInsulation 

	2. 11R-11 
	2. 11R-11 

	3. 13R-13 
	3. 13R-13 

	4. 15R-15 
	4. 15R-15 

	5. 19R-19 
	5. 19R-19 

	6. 21R-21 
	6. 21R-21 

	7. 22R-22 
	7. 22R-22 

	8. 25R-25 
	8. 25R-25 

	9. 30R-30 
	9. 30R-30 

	10. 38R-38 
	10. 38R-38 



	11.Required thickness closed cell @ R5.8/inch 
	11.Required thickness closed cell @ R5.8/inch 
	11.Required thickness closed cell @ R5.8/inch 
	11.Required thickness closed cell @ R5.8/inch 

	12. 2.002.00 
	12. 2.002.00 

	13. 2.252.25 
	13. 2.252.25 

	14. 2.752.75 
	14. 2.752.75 

	15. 3.503.50 
	15. 3.503.50 

	16. 3.753.75 
	16. 3.753.75 

	17. 4.004.00 
	17. 4.004.00 

	18. 4.504.50 
	18. 4.504.50 

	19. 5.255.25 
	19. 5.255.25 

	20. 6.756.75 
	20. 6.756.75 


	21.Required thickness open cell @ R3.6/inch 
	21.Required thickness open cell @ R3.6/inch 
	21.Required thickness open cell @ R3.6/inch 

	22. 3.03.0 
	22. 3.03.0 

	23. 3.53.5 
	23. 3.53.5 

	24. 4.24.2 
	24. 4.24.2 

	25. 5.35.3 
	25. 5.35.3 

	26. 5.85.8 
	26. 5.85.8 

	27. 6.16.1 
	27. 6.16.1 

	28. 6.96.9 
	28. 6.96.9 

	29. 8.38.3 
	29. 8.38.3 

	30. 10.610.6 
	30. 10.610.6 




	Source: California Energy Commission 
	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). 
	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 pounds per cubic foot (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 
	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 CF1R requiring documentation requirements specified in Reference Appendices, Joint Appendix JA4.1.7. Furthermore, a HERSECC Vverification requirement for the installation of spray-foam insulation using higher-than-default values is included on the CF1R. 
	2.4  Building Mechanical Systems 
	A space-conditioning system (also referred to as 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 at the building level for single-family residential buildings. (See also   and  Section 2.4.11 Ventilation Cooling System.) 
	2.4.10Section 2.4.10 Indoor Air Quality Ventilation
	2.4.10Section 2.4.10 Indoor Air Quality Ventilation

	Indoor Air Quality Ventilation
	Indoor Air Quality Ventilation

	2.4.11
	2.4.11

	Ventilation Cooling System
	Ventilation Cooling System


	2.4.1 Heating Subsystems 
	The heating subsystem describes the equipment that supplies heat to a space-conditioning system. Heating subsystems are categorized according to the types shown in  and . A conversion factor is used to convert heating seasonal performance factor (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.  
	Table 7: HVAC Heating Equipment TypesTable 6: HVAC Heating Equipment Types
	Table 7: HVAC Heating Equipment TypesTable 6: HVAC Heating Equipment Types

	Table 7: HVAC Heating Equipment Types
	Table 7: HVAC Heating Equipment Types

	Table 8: Heat Pump Equipment TypesTable 7: Heat Pump Equipment Types
	Table 8: Heat Pump Equipment TypesTable 7: Heat Pump Equipment Types

	Table 8: Heat Pump Equipment Types
	Table 8: Heat Pump Equipment Types


	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 for to meet 110 percent of the cooling load at the cooling design temperature, or the compressor size calculated to meet with a 47 °F rating that is 110 percent of the heating load (at the heating design temperature). If the maximum heat pump heating capacity is insuff
	A parasitic load for the heat pump crankcase heater (CCH) is modeled and the capacity is calculated as 33 Watts for systems with a capacity under 3 tons and 11 Watts per ton for systems with a capacity 3 tons or larger. The CCH operates whenever the outdoor dry bulb temperature is below 50°F and the compressor is not operating. 
	Defrost for the heat pump occurs between 45°F and 17°F outdoor temperature with electric resistance auxiliary heat assumedused to compensate for heat lost during the defrost cycle. 
	PROPOSED DESIGN 
	The user selects the type of heating subsystem and supplies required inputs for the heating subsystem, including the appropriately rated heating efficiency. Except for heat pumps, tThe rated heating capacity is not used as a compliance variable by the compliance software to size the standard design system. 
	When the proposed space-conditioning system is a heat pump, the user specifies the rated heating capacity at 47°F and 17°F for the heat-pump compressor. The capacity is used to determine the effect of backup electric resistance heat in the simulation. The specified capacities are listed on the CF1R for verification by a HERS Rater.Crankcase heater energy depends on option selected: 
	 
	 
	 
	Occupant controlled smart thermostat (OCST) and disclosure – Model OCST and calculate crankcase heater energy use based on off mode power consumption. 

	 
	 
	OCST and no disclosure – Model OCST, and calculate crankcase heater energy use based on off mode power consumption assuming on whenever compressor is off. 

	 
	 
	No OCST and no disclosure – Do not model OCST, and calculate crankcase heater energy use based on off mode power consumption assuming on whenever the compressor is off. 

	 
	 
	No OCST and disclosure – Don’t model OCST, and calculated crankcase heater energy use based on off mode power consumption. 


	STANDARD DESIGN 
	The standard design heating subsystem is a heat pump if the proposed water heating system is gas-fired in climate zones 3, 4, 13, and 14. Otherwise, the heating system is a gas-heating system. 
	When the standard design is a heat pump, the equipment used in the standard design building is aan electric split-system heat pump with default ducts in the attic and a heating seasonal performance factor (HSPF/HSPF2) meeting the current Appliance Efficiency Regulations minimum efficiency for heat pumps as defined in the Appliance Efficiency Regulations. 
	 The standard design heat-pump compressor size is determined by the software as the larger of the compressor size calculated for air-conditioning load, or the compressor with a 47°F rating that is 75 percent of the heating load (at the heating design temperature).Crankcase heater energy is calculated as OCST and no disclosure. 
	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) with default ducts in the attic and an annual fuel utilization efficiency (AFUE) meeting the Appliance Efficiency Regulations minimum efficiency for central systems. 
	See  for complete details on heating systems noted above. 
	Table 6: Standard Design Heating System
	Table 6: Standard Design Heating System


	Table 6: Standard Design Heating System 
	Proposed Design 
	Proposed Design 
	Proposed Design 
	Proposed Design 
	Proposed Design 

	Standard Design 
	Standard Design 



	Climate Zones 1–2, 5–12, and 15–16 
	Climate Zones 1–2, 5–12, and 15–16 
	Climate Zones 1–2, 5–12, and 15–16 
	Climate Zones 1–2, 5–12, and 15–16 

	80 percent AFUE central furnace, default duct 
	80 percent AFUE central furnace, default duct 


	Climate Zones 3–4, and 13–14 (if the water heating system is not a gas-fired system) 
	Climate Zones 3–4, and 13–14 (if the water heating system is not a gas-fired system) 
	Climate Zones 3–4, and 13–14 (if the water heating system is not a gas-fired system) 

	80 percent AFUE central furnace, default duct 
	80 percent AFUE central furnace, default duct 


	Climate Zones 3–4, and 13–14 (if the water heating system is a gas-fired system) 
	Climate Zones 3–4, and 13–14 (if the water heating system is a gas-fired system) 
	Climate Zones 3–4, and 13–14 (if the water heating system is a gas-fired system) 

	8.2 HSPF or 7.5 HSPF2 central heat pump, auto size capacity, default duct 
	8.2 HSPF or 7.5 HSPF2 central heat pump, auto size capacity, default duct 




	Source: California Energy Commission 
	VERIFICATION AND REPORTING 
	The proposed heating subsystem type and rated efficiency are reported in the compliance document,ation on the CF1R. For heat pumps, which are supplemented by electric resistance backup heating, the HERS-verified rated heating capacity of each proposed heat pump is reported on the CF1R. Installed capacities must be equal to or larger than the capacities reported for modeled at 47° and 17° (RA 3.4.4.2).Measures requiring verification are listed in (, and) are also listed in the ECC verification section ofon t
	Table 10: Summary of Space Conditioning Measures Requiring Verification
	Table 10: Summary of Space Conditioning Measures Requiring Verification


	Table 767: HVAC Heating Equipment Types 
	Name 
	Name 
	Name 
	Name 
	Name 

	Heating Equipment Description 
	Heating Equipment Description 



	CntrlFurnace 
	CntrlFurnace 
	CntrlFurnace 
	CntrlFurnace 

	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% when manufactured before December 18, 2028 and 95% when manufactured on or after December 18, 2028. Distribution can be gravity flow or use any of the ducted systems.  
	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% when manufactured before December 18, 2028 and 95% when manufactured on or after December 18, 2028. Distribution can be gravity flow or use any of the ducted systems.  


	PkgGasFurnace 
	PkgGasFurnace 
	PkgGasFurnace 

	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. 
	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. 


	WallFurnace Gravity 
	WallFurnace Gravity 
	WallFurnace Gravity 

	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, gravity flow. Equipment has varying efficiency requirements by capacity. Distribution is ductless.  


	WallFurnace Fan 
	WallFurnace Fan 
	WallFurnace Fan 

	Noncentral gas- or oil-fired wall furnace, fan-forced. 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.  


	FloorFurnace 
	FloorFurnace 
	FloorFurnace 

	Noncentral gas- or oil-fired floor furnace. 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.  




	Name 
	Name 
	Name 
	Name 
	Name 

	Heating Equipment Description 
	Heating Equipment Description 



	RoomHeater 
	RoomHeater 
	RoomHeater 
	RoomHeater 

	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.  
	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.  


	WoodHeat 
	WoodHeat 
	WoodHeat 

	Wood-fired stove. In areas with no natural gas available, a wood-heating system with any backup supplemental heating system is allowed to be installed if exceptional method criteria described in the Residential Compliance Manual are met. 
	Wood-fired stove. In areas with no natural gas available, a wood-heating system with any backup supplemental heating system is allowed to be installed if exceptional method criteria described in the Residential Compliance Manual are met. 


	Boiler 
	Boiler 
	Boiler 

	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.  
	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.  


	Electric 
	Electric 
	Electric 

	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.  
	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.  


	CombHydro 
	CombHydro 
	CombHydro 

	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).  
	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).  


	Single-zone dual-fuel heat pump 
	Single-zone dual-fuel heat pump 
	Single-zone dual-fuel heat pump 

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




	Source: California Energy Commission 
	Table 878: Heat Pump Equipment Types 
	Name 
	Name 
	Name 
	Name 
	Name 

	Heat Pump Equipment Description 
	Heat Pump Equipment Description 



	SplitHeatPump 
	SplitHeatPump 
	SplitHeatPump 
	SplitHeatPump 

	Central split heat pump system. Distribution system is one of the ducted systems.  
	Central split heat pump system. Distribution system is one of the ducted systems.  


	SDHV SplitHeat Pump 
	SDHV SplitHeat Pump 
	SDHV SplitHeat Pump 

	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 minutefpm that have less than 6.0 square inches of free area.  
	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 minutefpm that have less than 6.0 square inches of free area.  


	Ductless MiniSplit HeatPump 
	Ductless MiniSplit HeatPump 
	Ductless MiniSplit HeatPump 

	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 one or more ductless indoor sections. The indoor section(s) cycle on and off in unison in response to an indoor thermostat.  




	Name 
	Name 
	Name 
	Name 
	Name 

	Heat Pump Equipment Description 
	Heat Pump Equipment Description 



	Ductless MultiSplit HeatPump 
	Ductless MultiSplit HeatPump 
	Ductless MultiSplit HeatPump 
	Ductless MultiSplit HeatPump 

	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 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.  


	DuctlessVRF HeatPump 
	DuctlessVRF HeatPump 
	DuctlessVRF HeatPump 

	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. 
	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. 


	PkgHeatPump 
	PkgHeatPump 
	PkgHeatPump 

	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.  
	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.  


	LrgPkgHeatPump 
	LrgPkgHeatPump 
	LrgPkgHeatPump 

	Large central packaged heat pump systems, rated above 65,000 Btu/h. 
	Large central packaged heat pump systems, rated above 65,000 Btu/h. 


	RoomHeatPump 
	RoomHeatPump 
	RoomHeatPump 

	Noncentral room air-conditioning systems. These include packaged terminal (commonly called “through-the-wall”) units and any other ductless heat pump systems.  
	Noncentral room air-conditioning systems. These include packaged terminal (commonly called “through-the-wall”) units and any other ductless heat pump systems.  


	SglPkgVertHeatPump 
	SglPkgVertHeatPump 
	SglPkgVertHeatPump 

	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. 
	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. 


	PkgTermHeatPump 
	PkgTermHeatPump 
	PkgTermHeatPump 

	Packaged terminal heat pump. This is a package terminal air- conditioner that uses reverse cycle refrigeration as the prime heat source; has a supplementary heating source available, with the choice of electric resistant heat; and is industrial equipment. 
	Packaged terminal heat pump. This is a package terminal air- conditioner that uses reverse cycle refrigeration as the prime heat source; has a supplementary heating source available, with the choice of electric resistant heat; and is industrial equipment. 


	DuctedMiniSplitHeat Pump 
	DuctedMiniSplitHeat Pump 
	DuctedMiniSplitHeat Pump 

	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 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. 


	DuctedMultiSplitHeat Pump 
	DuctedMultiSplitHeat Pump 
	DuctedMultiSplitHeat Pump 

	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. 
	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. 


	Ducted+DuctlessMulti SplitHeatPump 
	Ducted+DuctlessMulti SplitHeatPump 
	Ducted+DuctlessMulti SplitHeatPump 

	Multi-split heat pump system with a combination of ducted and ductless indoor units. 
	Multi-split heat pump system with a combination of ducted and ductless indoor units. 




	Name 
	Name 
	Name 
	Name 
	Name 

	Heat Pump Equipment Description 
	Heat Pump Equipment Description 



	AirToWater HeatPump 
	AirToWater HeatPump 
	AirToWater HeatPump 
	AirToWater HeatPump 

	An indoor conditioning coil, a compressor, and a refrigerant-to-water heat exchanger that provides heating and cooling functions. May also have the ability to heat domestic hot water. 
	An indoor conditioning coil, a compressor, and a refrigerant-to-water heat exchanger that provides heating and cooling functions. May also have the ability to heat domestic hot water. 


	Ground Source HeatPump 
	Ground Source HeatPump 
	Ground Source HeatPump 

	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.  
	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.  


	Variable Capacity Heat Pump 
	Variable Capacity Heat Pump 
	Variable Capacity Heat Pump 

	VCHP — Meets all the requirements of the VCHP Variable Capacity Heat Pump Compliance Option or meets performance values specified in the Northeast Energy Efficiency Partnerships, Inc. (NEEP) database. 
	VCHP — Meets all the requirements of the VCHP Variable Capacity Heat Pump Compliance Option or meets performance values specified in the Northeast Energy Efficiency Partnerships, Inc. (NEEP) database. 


	Single zone dDual fFuel Hheat pPump 
	Single zone dDual fFuel Hheat pPump 
	Single zone dDual fFuel Hheat pPump 

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


	HeatPumpDHWCombo 
	HeatPumpDHWCombo 
	HeatPumpDHWCombo 

	Combined space heating and domestic water heating system (harvest thermal). 
	Combined space heating and domestic water heating system (harvest thermal). 




	Source: California Energy Commission 
	 Variable-Capacity Heat Pump 
	The performance of variable capacity heat pumps (VCHP) depends on outdoor dry bulb temperature, compressor speed, entering air conditions, and equipment controls. 
	Detailed performance of VCHP equipment shall be based on statistical analysis of entries in the Northeast Energy Efficiency Partnerships, Inc. (NEEP) cold climate air source heat pump database, and AHRI 210/240-2023 certified rating data as described in Appendix H. 
	Heating performance shall remain constant for temperatures above 47 F. Cooling performance shall be linearly extrapolated for temperatures below 82 F and above 95 F.  
	All values shall be converted to gross capacities within the model. The operational capacity is defined by the combination of heating or cooling load in the space, heat loss or gain due to duct losses, and heat gain due to air handler fan energy. When the unit is cycled, a degradation coefficient of 0.25 shall be applied for both heating and cooling.  
	When the capacity required of the VCHP to meet the building load and overcome duct losses is greater than the minimum capacity, it is assumed the VCHP operates continuously using interpolated performance based on the required capacity. When the required capacity is less than the minimum capacity, it is assumed that the VCHP is operating at minimum capacity and cycling. Indoor airflow is assumed to modulate in proportion to the VCHP capacity. If VCHP maximum heating capacity is insufficient to meet the load,
	 Normalized data from the NEEP database as described in Appendix H shall be used to translate from AHRI certified rating data to full performance at all combinations of compressor speed and outdoor dry bulb temperatures. Appendix H also includes eligibility criteria for modeled VCHPs.  
	The performance of variable-capacity heat pumps (VCHP) varies widely depending on a number of factors.  
	A simplified compliance option is available. To use this compliance option, the VCHP must meet all the requirements of the VCHP Compliance Option. 
	For detailed analysis of VCHP, energy usage for VCHP systems shall be based on minimum and maximum cooling capacity and corresponding input power at hot ambient and mild ambient conditions. The minimum and maximum heating capacity and corresponding input power at cold and ambient conditions shall also be considered. These values are found in the Northeast Energy Efficiency Partnerships, Inc. (NEEP) database. The mandatory efficiencies of HSPF/HSPF2, SEER/SEER2, and EER/EER2 are also considered for verificat
	VCHP performance at specific at a specific heating or cooling load is calculated by interpolating between the minimum and maximum performance indicated in the NEEP data. For outdoor conditions outside the range represented in the NEEP data, extrapolation, assuming a linear relationship, is used. To account for variations in indoor conditions, the algorithm applies the same variation as it does for single speed systems normalized to take out the effect of the outdoor temperature.  
	The operational capacity is defined by the combination of the heating or cooling load in the space, heat loss or gain due to duct losses, and heat gain due to air handler fan energy. When the capacity required of the VCHP to meet the building load and overcome duct losses is greater than the minimum capacity, it is assumed the VCHP operates continuously. When the required capacity is less than the minimum capacity, it is assumed that the VCHP is operating at minimum capacity and cycling. When the unit is cy
	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 auxiliary heat assumed to compensate for heat lost during the defrost cycle. The crankcase heater is assumed to operate at 40 W whenever the temperature is below 50°F. 
	2.4.2 Combined Hydronic Space/Water Heating 
	Combined hydronic space/water heating is a system whereby a water heater is used to provide space heating and water heating. Dedicated hydronic space-heating systems are 
	also a modeling capability. Space-heating terminals may include fan coils, baseboards, and radiant floors. 
	For combined hydronic systems, the water-heating portion is modeled normally. 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  . Duct efficiency is accounted for when the distribution type is ducted. 
	2.4.7Section 2.4.7 Distribution Systems
	2.4.7Section 2.4.7 Distribution Systems

	Distribution Subsystems
	Distribution Subsystems


	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: 
	 𝑨𝑭𝑼𝑬𝒆𝒇𝒇=𝑹𝑬−𝑷𝑳𝑹𝑰 ￼  Equation 1 
	Where: 
	AFUEeff =  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 appliance directory. 
	PL = Pipe losses (kBtu/h). This can be assumed to be 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. 
	RI = The rated input of the gas water heater (kBtu/h) available from the CEC appliance directory. 
	Instantaneous Gas Water Heater 
	When instantaneous gas water heaters are used in combined hydronic applications, the effective AFUE is given by the following equation: 
	 𝑨𝑭𝑼𝑬𝒆𝒇𝒇=𝑼𝑬𝑭￼  Equation 2 
	Where: 
	AFUEeff =   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. 
	Storage Electric Water Heater 
	The effective HSPF2 of the storage electric water heaters used for space heating in a combined hydronic system is given by the following equations. 
	𝑯𝑺𝑷𝑭𝟐𝒆𝒇𝒇=𝟑.𝟒𝟏𝟑(𝟏−𝑷𝑳𝟑.𝟒𝟏𝟑×𝒌𝑾𝒊) ￼ Equation 3 
	Where: 
	HSPF2eff =  The effective HSPF2 of the storage 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. 
	kWi = The kilowatts of input to the water heater available from the CEC’s appliance directory. 
	STANDARD DESIGN 
	When a hydronic system used for heating is proposed to use electricity, the heating equipment for the standard design is an electric split-system heat pump with an 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. 
	2.4.3 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  . 
	2.4.1Section 2.4.1 Heating Subsystems
	2.4.1Section 2.4.1 Heating Subsystems

	Heating Subsystems
	Heating Subsystems


	VERIFICATION AND REPORTING 
	A hydronic or combined hydronic system is reported on the CF1R. 
	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-ft2-°F/Btu). The installed R-value of the pipe insulation. Minimum pipe insulation for hydronic systems is as specified in Section 150.0(j). 
	•
	•
	•
	 As an 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 150.0-B or C may be used to demonstrate compliance. 

	•
	•
	 The return duct design alternative is not an input to the compliance software but must be documented on the certificate of installation CF2R. 

	•
	•
	 If a valueairflow rates 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 150.0-B or C is not allowed for demonstrating compliance. 

	•
	•
	 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. 





	2.4.4 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. A conversion factor is used to convert EER2 to EER2 ratings for modeling. For all air- condi
	2.4.5 Air-to-Water Heat Pumps 
	Air-to-water heat pumps (AWHPs) must be listed in the Title 20 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 would be treated with a 2 percent reduction in hourly heating energy use and an 8 percent reduction in hourly cooling energy use relative to the prescriptive air source heat pump. 
	2.4.6 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 110 percent of the heating load or 110 percent of the cooling load, whichever is larger.  
	A parasitic load for the air- conditioner crankcase heater (CCH) is modeled and the capacity is calculated as 30 Watts for systems with a capacity under 3 tons and 10 Watts per ton for systems with a capacity 3 tons or larger. The CCH operates whenever the outdoor dry bulb temperature is below 50°F and the compressor is not operating. 
	PROPOSED DESIGN 
	Cooling subsystems are categorized according to the types shown in  and in  and in . The user selects the type of cooling equipment and supplies required inputs for the cooling subsystem, including the rated cooling efficiencyenters basic information to model the energy use of the equipment. Enter tThe cooling equipment type and additional information is based on the equipment type and zoning, such as the SEER/SEER2 and EER/EER2. A conversion factor is used to convert EER2 to EER2 ratings for modeling. For 
	Table 9: HVAC Cooling Equipment Types (Other Than Heat Pumps)
	Table 9: HVAC Cooling Equipment Types (Other Than Heat Pumps)

	Table 9: HVAC Cooling Equipment Types (Other Than Heat Pumps)
	Table 9: HVAC Cooling Equipment Types (Other Than Heat Pumps)

	Table 8: Heat Pump Equipment TypesTable 7: Heat Pump Equipment Types
	Table 8: Heat Pump Equipment TypesTable 7: Heat Pump Equipment Types


	Until there is an approved compliance option for ductless heat pumps (ducted and ductless mini-split, multi-split, and variable-refrigerant-flow [VRF] systems), these systems are simulated as a minimum efficiency split-system equivalent to the standard design with default duct conditions. 
	See sections below for the details of specific inputs. 
	STANDARD DESIGN 
	The cooling subsystem for the standard design building is a nonzonal controlsingle zone system,ducted split heat pump-system ducted for cooling system meeting the minimum requirements of the 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 1
	 The standard design system shall assume verified refrigerant charge in Climate Zones 2 and 8–15 for all systems. Mandatory fFan efficacy meeting the 2025 Energy Code’s mandatory requirements is assumed in all climate zones. 
	Table 989: HVAC Cooling Equipment Types (Other Than Heat Pumps) 
	Name 
	Name 
	Name 
	Name 
	Name 

	Cooling Equipment Description 
	Cooling Equipment Description 



	NoCooling 
	NoCooling 
	NoCooling 
	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 equivalent building and the proposed design use the same default. (Rrefer to   Section 2.4.9.3 No Cooling) 
	Entered when the proposed building is not cooled or when cooling is optional (to be installed at some future date). Both the standard design equivalent building and the proposed design use the same default. (Rrefer to   Section 2.4.9.3 No Cooling) 
	2.4.9
	2.4.9

	No Cooling
	No Cooling




	SplitAirCond 
	SplitAirCond 
	SplitAirCond 

	Split air-conditioning systems. Distribution system is one of the ducted systems. (Efficiency metric: SEER/SEER2 and EER/EER2) 
	Split air-conditioning systems. Distribution system is one of the ducted systems. (Efficiency metric: SEER/SEER2 and EER/EER2) 


	PkgAirCond 
	PkgAirCond 
	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) 
	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 
	LrgPkgAirCond 
	LrgPkgAirCond 

	Large, packaged air-conditioning systems rated at or above 65,000 Btu/h cooling capacity. Distribution system is one of the ducted systems.  
	Large, packaged air-conditioning systems rated at or above 65,000 Btu/h cooling capacity. Distribution system is one of the ducted systems.  


	SDHVSplitAirCond 
	SDHVSplitAirCond 
	SDHVSplitAirCond 

	Small-duct, high-velocity, split air-conditioningA/C system.  
	Small-duct, high-velocity, split air-conditioningA/C system.  


	DuctlessMiniSplitAirCond 
	DuctlessMiniSplitAirCond 
	DuctlessMiniSplitAirCond 

	Ductless minisplit air-conditioningA/C 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 minisplit air-conditioningA/C 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. 


	DuctlessMultiSplitAirCond 
	DuctlessMultiSplitAirCond 
	DuctlessMultiSplitAirCond 

	Ductless multisplit air-conditioningA/C system having an outdoor section and two or more indoor sections. The indoor 
	Ductless multisplit air-conditioningA/C system having an outdoor section and two or more indoor sections. The indoor 




	Name 
	Name 
	Name 
	Name 
	Name 

	Cooling Equipment Description 
	Cooling Equipment Description 
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	sections operate independently and can be used to condition multiple zones in response to multiple indoor thermostats. 
	sections operate independently and can be used to condition multiple zones in response to multiple indoor thermostats. 


	DuctlessVRFAirCond 
	DuctlessVRFAirCond 
	DuctlessVRFAirCond 

	Ductless variable refrigerant flow (VRF) air-conditioningA/C system.  
	Ductless variable refrigerant flow (VRF) air-conditioningA/C system.  




	Name 
	Name 
	Name 
	Name 
	Name 

	Cooling Equipment Description 
	Cooling Equipment Description 



	SglPkgVertAirCond 
	SglPkgVertAirCond 
	SglPkgVertAirCond 
	SglPkgVertAirCond 

	Single-packaged vertical air-conditioningA/C 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. They are rated using ANSI/AHRI 390(I-P)-2003. 
	Single-packaged vertical air-conditioningA/C 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. They are rated using ANSI/AHRI 390(I-P)-2003. 


	PkgTermAirCond 
	PkgTermAirCond 
	PkgTermAirCond 

	Packaged terminal air-conditioningA/C (PTAC) is a self-contained cooling system that is installed through the wall. These systems do not use ducts. They are rated using AHRI 310/380-2017. 
	Packaged terminal air-conditioningA/C (PTAC) is a self-contained cooling system that is installed through the wall. These systems do not use ducts. They are rated using AHRI 310/380-2017. 


	DuctedMiniSplitAirCond 
	DuctedMiniSplitAirCond 
	DuctedMiniSplitAirCond 

	Ducted minisplit air-conditioningA/C 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 minisplit air-conditioningA/C 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. 


	DuctedMultiSplitAirCond 
	DuctedMultiSplitAirCond 
	DuctedMultiSplitAirCond 

	Ducted multisplit 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. 
	Ducted multisplit 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. 


	Ducted+DuctlessMulti SplitAirCond 
	Ducted+DuctlessMulti SplitAirCond 
	Ducted+DuctlessMulti SplitAirCond 

	Combination of ducted and ductless multisplit air-conditioningA/C 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. 
	Combination of ducted and ductless multisplit air-conditioningA/C 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. 


	RoomAirCond 
	RoomAirCond 
	RoomAirCond 

	Room air- conditioner is a self-contained cooling system other than a packaged terminal air conditioner that is installed through the wall for the purpose of providing delivery of conditioned air to an enclosed space. These systems do not use ducts. They are rated using ANSI/ASHRAE Standard 16-2016. 
	Room air- conditioner is a self-contained cooling system other than a packaged terminal air conditioner that is installed through the wall for the purpose of providing delivery of conditioned air to an enclosed space. These systems do not use ducts. They are rated using ANSI/ASHRAE Standard 16-2016. 
	Same as DuctlessSplitAirCond except that cooling is not supplied to each habitable space in the dwelling unit.  


	EvapCondenser 
	EvapCondenser 
	EvapCondenser 

	Evaporatively cooled condensers. A split mechanical system, with a water-cooled condenser coil. This system must conform with RA4.3.2.  
	Evaporatively cooled condensers. A split mechanical system, with a water-cooled condenser coil. This system must conform with RA4.3.2.  




	Source: California Energy Commission 
	VERIFICATION AND REPORTING 
	Information shown on the CF1R includes cooling equipment type and cooling efficiency (SEER/SEER2 or EER/EER2 or both). Measures requiring verification (are listed in ), and  are listed in the HERSECC verification section of on the CF1R. 
	Table 10: Summary of Space Conditioning Measures Requiring VerificationTable 9: Summary of Space Conditioning Measures Requiring VerificationTable 10: Summary of Space Conditioning Measures Requiring Verification
	Table 10: Summary of Space Conditioning Measures Requiring VerificationTable 9: Summary of Space Conditioning Measures Requiring VerificationTable 10: Summary of Space Conditioning Measures Requiring Verification


	Verified Refrigerant Charge or Fault Indicator Display 
	Proper refrigerant charge is necessary for electrically driven compressor air-conditioning and heating systems to operate at full capacity and efficiency. For cooling, compliance Ssoftware 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, compliance software calculations set the heating compressor efficiency multiplier to 0.92 to account for the effect of improper refrigerant charge or 0.96 f
	PROPOSED DESIGN 
	The compliance software allows the user to indicate if systems will have diagnostically tested refrigerant charge or a field-verified fault indicator display (FID). This allowance applies only to ducted split-systems, and packaged air-conditioners, and heat pumps. Refrigerant charge verification is required by Section 150.1(c) and Table 150.1-A for the proposed cooling system type. 
	STANDARD DESIGN 
	The standard design building is modeled with either a diagnostically tested refrigerant charge or a field-verified FID if the building is in Climate Zones 2 or 8–15 for air -conditioners in all homes and heat pumps in homes with 500 square feet of conditioned floor area or less. For heat pumps in all other homes diagnostically tested, refrigerant charge or a field-verified FID is modeled in all climate zones except for homes Climate Zones 1-5 and 8-16 lessgreater than 500 square feet of conditioned floor ar
	VERIFICATION AND REPORTING 
	Refrigerant charge or FID require field verification or diagnostic testing and is reported in the HERSECC-required verification listings on the CF1R. Details on refrigerant charge measurement are discussed in Reference Appendices, Residential Appendix RA3.2. Information on the requirements for FIDs areis in Reference Appendices, Joint Appendix JA6.1. 
	Table 10910: Summary of Space Conditioning Measures Requiring Verification 
	Measure 
	Measure 
	Measure 
	Measure 
	Measure 

	Description 
	Description 

	Procedures  
	Procedures  



	Verified Refrigerant Charge 
	Verified Refrigerant Charge 
	Verified Refrigerant Charge 
	Verified Refrigerant Charge 

	Air-cooled air- conditioners and air-source heat pumps must be tested diagnostically to verify that the system has the correct refrigerant charge. The system must also meet 
	Air-cooled air- conditioners and air-source heat pumps must be tested diagnostically to verify that the system has the correct refrigerant charge. The system must also meet 

	RA1.2, RA3.2 
	RA1.2, RA3.2 




	Measure 
	Measure 
	Measure 
	Measure 
	Measure 

	Description 
	Description 

	Procedures  
	Procedures  
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	conditioners, and air-source heat pumps must be tested diagnostically to verify that the system has the correct refrigerant charge and meets the system airflow requirement.  
	conditioners, and air-source heat pumps must be tested diagnostically to verify that the system has the correct refrigerant charge and meets the system airflow requirement.  


	Verified Fault Indicator Display 
	Verified Fault Indicator Display 
	Verified Fault Indicator Display 

	Installation of A a fault indicator display can be installed verified as an alternative to refrigerant charge testing.  
	Installation of A a fault indicator display can be installed verified as an alternative to refrigerant charge testing.  

	RA3.4.2 
	RA3.4.2 


	Verified System Airflow 
	Verified System Airflow 
	Verified System Airflow 

	When compliance requires verified sSystem airflow must be verified to be greater than or equal to a specified criterion. 
	When compliance requires verified sSystem airflow must be verified to be greater than or equal to a specified criterion. 

	RA3.3 
	RA3.3 


	Verified Air-Handling Unit Fan Efficacy 
	Verified Air-Handling Unit Fan Efficacy 
	Verified Air-Handling Unit Fan Efficacy 

	To verify that fFan efficacy (watt/CFM) must be verified to beis equal to or less than a specified criterion. 
	To verify that fFan efficacy (watt/CFM) must be verified to beis equal to or less than a specified criterion. 

	RA3.3 
	RA3.3 


	Verified HSPF/HSPF2, SEER/SEER2 or EER/EER2 
	Verified HSPF/HSPF2, SEER/SEER2 or EER/EER2 
	Verified HSPF/HSPF2, SEER/SEER2 or EER/EER2 

	ICredit for increased eEfficiency of by installation of specific installed air-conditioner or heat-pump models modeled for compliance credit must be verified. 
	ICredit for increased eEfficiency of by installation of specific installed air-conditioner or heat-pump models modeled for compliance credit must be verified. 

	RA3.4.4.1 
	RA3.4.4.1 


	Verified Heat Pump Capacity 
	Verified Heat Pump Capacity 
	Verified Heat Pump Capacity 

	Optional verification of heat-pump system capacity. 
	Optional verification of heat-pump system capacity. 

	RA3.4.4.2 
	RA3.4.4.2 


	Evaporatively Cooled Condensers 
	Evaporatively Cooled Condensers 
	Evaporatively Cooled Condensers 

	Must be combined with vVerification of duct leakage testing, refrigerant charge, and verified EER/EER2 is required for compliance credit. 
	Must be combined with vVerification of duct leakage testing, refrigerant charge, and verified EER/EER2 is required for compliance credit. 

	RA3.1.4.3, RA3.2, RA3.4.3, RA3.4.4.1 
	RA3.1.4.3, RA3.2, RA3.4.3, RA3.4.4.1 


	Whole-House Fan 
	Whole-House Fan 
	Whole-House Fan 

	When verification of the whole-house fan is selected or required, airflow, watt draw, and capacity are verified. 
	When verification of the whole-house fan is selected or required, airflow, watt draw, and capacity are verified. 

	RA3.9 
	RA3.9 


	Central Fan Ventilation Cooling System 
	Central Fan Ventilation Cooling System 
	Central Fan Ventilation Cooling System 

	When compliance includes this type ofcentral fan ventilation cooling, airflow and fan efficacy are verified. 
	When compliance includes this type ofcentral fan ventilation cooling, airflow and fan efficacy are verified. 

	RA3.3.4 
	RA3.3.4 




	Source: California Energy Commission 
	Verified System Airflow 
	Adequate airflow to the conditioned space is required to allowfor ducted air-conditioning systems to operate at full efficiency and capacity. Air-distribution system Efficiency efficiency is achieved by the air-distribution system design by improvincreasing the efficiency of motors or by designing and installing air distribution systems that havewith less resistance to airflow. Compliance sSoftware 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 150.0(m)13 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. Compliance credit is calculated for Values systems with airflow rates greater higher than the required CFM/ton may be input for compliance credit, and the airflow rates must be and verified by require diagnostic testing using procedures in Reference Appendices, Residential 
	For single-zone systems: 
	For zonally controlled systems: 
	•
	•
	•
	 The alternative return duct design method using The Table 150.0-B or C return duct design alternative is not allowed for zonally controlled systems. 

	•
	•
	 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. 

	•
	•
	 Single-speed compressor systems must also verify airflow rate (CFM/ton) in every zonal control mode. 

	•
	•
	 For systems that input less than 350 CFM/ton, HERS 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 Section150.0(m)13 will be penalized in the compliance calculation. 
	The default cooling airflow rate 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 inof Reference Appendices, Residential Appendix RA3.3. 
	STANDARD DESIGN 
	The standard design shall assume a system that complies with the mandatory (Section 150.0) and prescriptive (Section 150.1) 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 CF1R. When there is no cooling system, it the verified airflow rate is reported on the CF1R as a special feature. 
	Verified Air-Handling Unit Fan Efficacy 
	The mandatory requirement in Section150.0(m)13 is for minimum an air-handling unit fan efficacy is 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 not gas furnaces, and 0.62 Wwatts/CFM for small-duct, high-velocity systems as verified by an HERSECC Rater, see Section 150.0(m)13. Users may model a lower fan efficacy (Wwatts/CFM) and receive credit in the compliance calculation if the proposed fan efficacy value is diagnostically tested u
	For single-zone systems: 
	•
	•
	•
	 Installers may elect to use an alternative to HERSECC verification of the watts/CFM required by Section 150.0(m)13: HERSECC verification of a return duct design that conforms to the specification given in Table 150.0-B or C. 

	•
	•
	 The return duct design alternative is not an input to the compliance software but must be documented on the certificate of installation. 

	•
	•
	 If a value less than the watts/CFM required by Section 150.0(m)13 is modeled by the software user for compliance credit, the alternative return duct design method using Table 150.0-B or C is not allowed for use in demonstrating compliance. 

	•
	•
	 Multispeed or variable-speed compressor systems must verify fan efficacy (watts/CFM) for system operation at the maximum compressor speed and the maximum air handler fan speed. 


	For zonally controlled systems: 
	•
	•
	•
	 The alternative return duct design method usingThe Table 150.0-B or C return duct design alternative is not allowed for zonally controlled systems. 

	•
	•
	 Variable-capacity systems including multispeed, variable-speed, and single-speed compressor systems must all verify fan efficacy (watts/CFM) by operating the system at maximum compressor capacity and maximum system fan speed with all zones calling for conditioning. 

	•
	•
	 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 Wwatts/CFM, depending on the applicable system type, as described above. 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 Wwatts/CFM is assumed. 
	STANDARD DESIGN 
	The standard design shall assume a verified fan efficacy equal to or less than the following: 
	•
	•
	•
	 0.45 Wwatts/CFM for gas furnace air-handling units, as well as air-handling units that are not gas furnaces and have a cooling capacity less than 54,000 BTU/h. 

	•
	•
	 0.58 Wwatts/CFM for air-handling units that are not gas furnaces and have a cooling capacity greater than or equal to 54,000 BTU/h. 

	•
	•
	 0.62 Wwatts/CFM for small duct high velocity forced air systems. 


	VERIFICATION AND REPORTING 
	For user inputs lower than the default mandatory requirement, fan efficacy is reported in the HERSECC-required verification listings of the CF1R. 
	For default mandatory 0.45, 0.58, or 0.62 watts/cfm, the choice of either fan efficacy or alternative return duct design according to Table 150.0-B or C is reported in the HERSECC-required verification listings of the CF1R. 
	No cooling system is reported as a special feature on the CF1R. 
	Verified Energy Efficiency Ratio (EER/EER2) 
	PROPOSED DESIGN 
	The compliance Software 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, 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 an HERSECC-verified measure. A 
	conversion factor is used to convert EER2 to EER2 ratings for modeling. For all air-conditionerscooling 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 equipment the conversion factor is 1.00; and for space-constrained equipment the conversion factor is 1/0.99 to c
	STANDARD DESIGN 
	The standard design is based on the default on minimum efficiency EER/EER2 for the type of cooling equipment modeled in the proposed design, based on the applicable Appliance Efficiency Regulations. The efficiency of standard design for central air-conditioningcooling equipment in the standard design is 11.7 EER/11.2 EER2 for applicable equipment. 
	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
	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 1
	VERIFICATION AND REPORTING 
	If an EER/EER2 higher than the default minimum efficiency is modeled in the compliance software, the EER/EER2 requires field verification. The EER/EER2 rating is verified using rating data from the  website or another directory of certified product performance ratings approved by the CEC for determining compliance. Verified EER/EER2 is reported in the HERSECC-required verification listings on the CF1R. 
	AHRI Directory of Certified Product Performance
	AHRI Directory of Certified Product Performance


	Verified Seasonal Energy Efficiency Ratio (SEER/SEER2) 
	PROPOSED DESIGN 
	The compliance software allows the user to specify the SEER/SEER2 value. A conversion factor is used to convert SEER to SEER2 ratings for modeling. For split-system equipment the conversion factor is 0.95; for single-package equipment the conversion factor is 0.96; for small-duct high-velocity equipment the conversion factor is 1.00; and for space-constrained equipment the conversion factor is 0.99 to convert SEER to SEER2. 
	STANDARD DESIGN 
	The standard design is based on the default minimum efficiency SEER/SEER2 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. 
	VERIFICATION AND REPORTING 
	If a SEER/SEER2 higher than the default minimum efficiency is modeled in the compliance software, the SEER/SEER2 requires field verification. The higher-than-minimum SEER/SEER2 rating is verified using rating data from  website or another directory of certified product performance ratings approved by the CEC for determining compliance. Verified SEER/SEER2 is reported in the HERSECC-required verification listings on the CF1R. 
	AHRI Directory of Certified Product Performance
	AHRI Directory of Certified Product Performance


	Verified Evaporatively Cooled Condensers 
	PROPOSED DESIGN 
	Compliance Software 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 150.1(c) and Table 150.1-A. 
	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 CF1R. 
	Evaporative Cooling 
	Evaporative cooling technology is best suited for dry climates where direct, indirect, or indirect-direct cooling of the supply air stream can occur without compromising indoor comfort. Direct evaporative coolers are the most common system type available but provide less comfort and deliver more moisture to the indoor space. They are assumed equivalent to a minimum-efficiency  split-system air-conditioner. The evaporative cooling modeling method addresses two performance issues. The first performance issue 
	Since evaporative coolers are 100 percent outdoor air systems, the related capacity is limited by the outdoor wet bulb temperature. Each hour with calculated cooling load, the algorithm will verify that the cooling capacity is greater than the calculated cooling load and flag the system if the cooling capacity is less than the calculated cooling load. Evaporative coolers must comply with RA4.3.2: 
	•
	•
	•
	 Be indirect or indirect-direct evaporative cooling; direct evaporative cooling is not allowed to be used for compliance 

	•
	•
	 Listed under Title 20 Appliance Standards 

	•
	•
	 Certified to the Commission that water use does not exceed 7.5 gallons per ton hour based on Title 20 Appliance Standards testing criteria 

	•
	•
	 Permanently installed 

	•
	•
	 Provide automatic relief of supply air from the house with maximum air velocity through relief dampers not exceeding 800 feet per minute 

	•
	•
	 Bleed systems not allowed 

	•
	•
	 A water quality management system is required  


	PROPOSED DESIGN 
	Compliance sSoftware shall allow users to specify one of three types of evaporative cooling: (1) direct evaporative cooler, the most commonly available system type; (12) indirect; or (23) indirect-direct. Product specifications and other modeling details are found in the CEC appliance directory for evaporative cooling. Direct system types are assigned an efficiency of 14 SEER (or minimum appliance efficiency standard for split-system cooling). The default system type is evaporative direct. For indirect or i
	STANDARD DESIGN 
	The standard design is based on a split-system air- conditioner meeting the requirements of Section 150.1(c) and Table 150.1-A. 
	VERIFICATION AND REPORTING 
	When a direct evaporative cooling system is modeled, the system type and minimum efficiency are shown in the appropriate section of the CF1R. When indirect or indirect-direct evaporative cooling is modeled, the EER/EER2 verification is shown in the HERSECC verification section onof the CF1R, along with the system type, airflow, and system effectiveness. 
	2.4.7 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. 
	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 locations listed in  . For ducted systems, the default location of the HVAC ducts and the air handler are in the attic. 
	Table 11: HVAC Distribution Type and Location DescriptorsTable 10: HVAC Distribution Type and Location Descriptors
	Table 11: HVAC Distribution Type and Location DescriptorsTable 10: HVAC Distribution Type and Location Descriptors

	Table 11: HVAC Distribution Type and Location Descriptors
	Table 11: HVAC Distribution Type and Location Descriptors


	Table 111011: HVAC Distribution Type and Location Descriptors 
	Name 
	Name 
	Name 
	Name 
	Name 

	HVAC Distribution Type and Location Description  
	HVAC Distribution Type and Location Description  



	 Ducts located in attic (ventilated and unventilated) 
	 Ducts located in attic (ventilated and unventilated) 
	 Ducts located in attic (ventilated and unventilated) 
	 Ducts located in attic (ventilated and unventilated) 

	Ducts located overhead in the attic space. 
	Ducts located overhead in the attic space. 


	 Ducts located in a crawl space 
	 Ducts located in a crawl space 
	 Ducts located in a crawl space 

	Ducts located under floor in the crawl space. 
	Ducts located under floor in the crawl space. 


	 Ducts located in a garage 
	 Ducts located in a garage 
	 Ducts located in a garage 

	Ducts located in an unconditioned garage space. 
	Ducts located in an unconditioned garage space. 


	 Ducts located within the conditioned space (except < 12 linear ft) 
	 Ducts located within the conditioned space (except < 12 linear ft) 
	 Ducts located within the conditioned space (except < 12 linear ft) 

	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. 
	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. 


	 Ducts located entirely in conditioned space 
	 Ducts located entirely in conditioned space 
	 Ducts located entirely 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. 
	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. 


	Distribution system without ducts (none) 
	Distribution system without ducts (none) 
	Distribution system without ducts (none) 

	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.  
	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 located in outdoor locations 
	 Ducts located in outdoor locations 
	 Ducts located in outdoor locations 

	Ducts in exposed locations outdoors. 
	Ducts in exposed locations outdoors. 


	Verified low-leakage ducts located entirely in conditioned space 
	Verified low-leakage ducts located entirely in conditioned space 
	Verified low-leakage ducts located entirely in conditioned space 

	Duct systems for which air leakage to outside is equal to or less than 25 CFM when measured in accordance with Reference Appendices, Residential Appendix RA3.1.4.3.8. 
	Duct systems for which air leakage to outside is equal to or less than 25 CFM when measured in accordance with Reference Appendices, Residential Appendix RA3.1.4.3.8. 


	Ducts located in multiple places 
	Ducts located in multiple places 
	Ducts located in multiple places 

	Ducts with different supply and return duct locations. 
	Ducts with different supply and return duct locations. 




	Source: California Energy Commission 
	Table 121112: Summary of Verified Distribution Systems 
	Measure 
	Measure 
	Measure 
	Measure 
	Measure 

	Description 
	Description 

	Procedures 
	Procedures 



	Verified Duct Sealing 
	Verified Duct Sealing 
	Verified Duct Sealing 
	Verified Duct Sealing 

	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. 
	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. 

	RA3.1.4.3 
	RA3.1.4.3 


	Verified Duct Location, Reduced Surface Area and R-value 
	Verified Duct Location, Reduced Surface Area and R-value 
	Verified Duct Location, Reduced Surface Area and R-value 

	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.1 For buried duct measures, verified QII is required, as well as duct sealing. 
	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.1 For buried duct measures, verified QII is required, as well as duct sealing. 

	RA3.1.4.1, 3.1.4.1.1 
	RA3.1.4.1, 3.1.4.1.1 


	Low-Leakage Ducts in Conditioned Space 
	Low-Leakage Ducts in Conditioned Space 
	Low-Leakage Ducts in Conditioned Space 

	When the standards 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
	When the standards 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

	RA3.1.4.3.8 
	RA3.1.4.3.8 


	Hydronic Delivery in Conditioned Space 
	Hydronic Delivery in Conditioned Space 
	Hydronic Delivery in Conditioned Space 

	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 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. 

	RA3.4.5 
	RA3.4.5 


	Low-Leakage Air-Handling Units 
	Low-Leakage Air-Handling Units 
	Low-Leakage Air-Handling Units 

	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. 
	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. 

	RA3.1.4.3.9 
	RA3.1.4.3.9 




	Measure 
	Measure 
	Measure 
	Measure 
	Measure 

	Description 
	Description 

	Procedures 
	Procedures 



	Verified Return Duct Design 
	Verified Return Duct Design 
	Verified Return Duct Design 
	Verified Return Duct Design 

	Verification to confirm that the return duct design conforms to the criteria given in Table 150.0-B or Table 150.0-C. as an alternative to meeting 0.45 or 0.58 Wwatts/CFM fan efficacy of Section150.0(m)13. 
	Verification to confirm that the return duct design conforms to the criteria given in Table 150.0-B or Table 150.0-C. as an alternative to meeting 0.45 or 0.58 Wwatts/CFM fan efficacy of Section150.0(m)13. 

	RA3.1.4.4 
	RA3.1.4.4 


	Verified Bypass Duct Condition 
	Verified Bypass Duct Condition 
	Verified Bypass Duct Condition 

	Verification to determine if system is zonally controlled and confirm that bypass ducts condition modeled matches installation. 
	Verification to determine if system is zonally controlled and confirm that bypass ducts condition modeled matches installation. 

	RA3.1.4 
	RA3.1.4 




	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 conditions in the proposed design (), including duct leakage target, R-value, supply and return duct area, diameter, and location. 
	Table 12: Summary of Verified Distribution SystemsTable 11: Summary of Verified Distribution SystemsTable 12: Summary of Verified Distribution Systems
	Table 12: Summary of Verified Distribution SystemsTable 11: Summary of Verified Distribution SystemsTable 12: Summary of Verified Distribution Systems


	STANDARD DESIGN 
	The standard heating and cooling system for central systems is modeled with nondesigned air-distribution ducts located as described in , with duct leakage as specified in . The standard design duct insulation is determined by Table 150.1-A (assuming attic Option B) as R-6 in Climate 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 stories as the proposed design for determining the duct efficiency. 
	Table 13: Summary of Standard Design Duct LocationTable 12: Summary of Standard Design Duct LocationTable 13: Summary of Standard Design Duct Location
	Table 13: Summary of Standard Design Duct LocationTable 12: Summary of Standard Design Duct LocationTable 13: Summary of Standard Design Duct Location

	Table 21: Duct/Air Handler LeakageTable 20: Duct/Air Handler LeakageTable 21: Duct/Air Handler Leakage
	Table 21: Duct/Air Handler LeakageTable 20: Duct/Air Handler LeakageTable 21: Duct/Air Handler Leakage


	Table 131213: Summary of Standard Design Duct Location 
	Configuration of the  Proposed Design  
	Configuration of the  Proposed Design  
	Configuration of the  Proposed Design  
	Configuration of the  Proposed Design  
	Configuration of the  Proposed Design  

	Standard Design Duct Location 
	Standard Design Duct Location 

	Detailed Specifications 
	Detailed Specifications 



	Attic over the dwelling unit 
	Attic over the dwelling unit 
	Attic over the dwelling unit 
	Attic over the dwelling unit 

	Ducts and air handler located in the attic 
	Ducts and air handler located in the attic 

	Ducts sealed (mandatory requirement) 
	Ducts sealed (mandatory requirement) 
	No credit for verified R-value, location, or duct design 


	No attic but crawl space or basement 
	No attic but crawl space or basement 
	No attic but crawl space or basement 

	Ducts and air handler located in the crawl space or basement 
	Ducts and air handler located in the crawl space or basement 

	Ducts sealed (mandatory requirement) 
	Ducts sealed (mandatory requirement) 
	No credit for verified R-value, location, or duct design 


	Buildings with no attic, crawl space or basement  
	Buildings with no attic, crawl space or basement  
	Buildings with no attic, crawl space or basement  

	Ducts and air handler located indoors 
	Ducts and air handler located indoors 

	Ducts tested to meet verified low leakage ducts in conditioned space requirements. Ducts sealed (mandatory requirement) 
	Ducts tested to meet verified low leakage ducts in conditioned space requirements. Ducts sealed (mandatory requirement) 
	No credit for verified R-value, location or duct design 




	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 CF1R. If there are no ducts, the absence of ducts is shown as a special feature on the CF1R. Any duct location other than attic (for example, crawl space) is shown as a special feature on the CF1R. 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-requir
	Duct Location 
	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. 
	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  may be used following the verification procedures in Reference Appendices, Residential Appendix RA3.1.4.1. 
	Table 14: Location of Default Duct Surface AreaTable 13: Location of Default Duct Surface AreaTable 14: Location of Default Duct Surface Area
	Table 14: Location of Default Duct Surface AreaTable 13: Location of Default Duct Surface AreaTable 14: Location of Default Duct Surface Area


	STANDARD DESIGN 
	The standard design duct location is determined from the building conditions (). 
	Table 13
	Table 13


	VERIFICATION AND REPORTING 
	Duct location is reported on the CF1R. Ducts entirely in conditioned space and verified low-leakage ducts entirely in conditioned space are reported in the HERSECC-required verification listing on the CF1R. 
	Default duct locations are shown in . The duct surface area for crawl space and basement applies only to buildings 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 houses with two or more stories, 35 percent of the default duct area may be assumed to be in conditioned space, as shown in . 
	Table 14: Location of Default Duct Surface AreaTable 13: Location of Default Duct Surface AreaTable 14: Location of Default Duct Surface Area
	Table 14: Location of Default Duct Surface AreaTable 13: Location of Default Duct Surface AreaTable 14: Location of Default Duct Surface Area

	Table 14: Location of Default Duct Surface AreaTable 13: Location of Default Duct Surface AreaTable 14: Location of Default Duct Surface Area
	Table 14: Location of Default Duct Surface AreaTable 13: Location of Default Duct Surface AreaTable 14: Location of Default Duct Surface Area


	The surface area of ducts in conditioned space is ignored in calculating conduction losses. 
	Table 141314: Location of Default Duct Surface Area 
	Supply Duct Location 
	Supply Duct Location 
	Supply Duct Location 
	Supply Duct Location 
	Supply Duct Location 

	One story 
	One story 

	Two or more stories 
	Two or more stories 



	All in crawl space 
	All in crawl space 
	All in crawl space 
	All in crawl space 

	100% crawl space 
	100% crawl space 

	65% crawl space, 35% conditioned space  
	65% crawl space, 35% conditioned space  


	All in basement 
	All in basement 
	All in basement 

	100% basement 
	100% basement 

	65% basement, 35% conditioned space 
	65% basement, 35% conditioned space 


	Other  
	Other  
	Other  

	100% attic 
	100% attic 

	65% attic, 35% conditioned space 
	65% attic, 35% conditioned space 




	 Source: California Energy Commission 
	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. 
	Default Return Duct Surface Area 
	Default return duct surface area is calculated using: 
	 𝐴𝑟,𝑜𝑢𝑡=𝐾𝑟×𝐴𝑓𝑙𝑜𝑜𝑟Ar,out = Kr x Afloor Equation 4 
	Where Kr (return duct surface area coefficient) is 0.05 for one-story buildings and 0.1 for two or more stories. 
	Default Supply Duct Surface Area 
	STANDARD DESIGN 
	The standard design and default proposed design supply duct surface area is calculated using . 
	Equation 5
	Equation 5


	 As,out =0.27 x Afloor x Ks 𝐴𝑠,𝑜𝑢𝑡=0.27×𝐴𝑓𝑙𝑜𝑜𝑟×𝐾𝑠 Equation 5 
	Where Ks (supply duct surface area coefficient) is 1 for one-story buildings and 0.65 for two or more stories. 
	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 . The return duct area remains the default for this case. 
	Equation 6
	Equation 6


	 As,o ut = 0.027 x Afloor𝐴𝑠,𝑜𝑢𝑡=0.027×𝐴𝑓𝑙𝑜𝑜𝑟 Equation 6 
	Diagnostic Duct Surface Area 
	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 cavi
	Simulated Duct System Area = 1.1765 multiplied by the total user entered duct system area 
	Bypass Duct 
	Section 150.1(c)13 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 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 compared to systems that model 350 CFM/ton as described in  Section 2.4.6.2 Verified System Airflow. 
	2.4.6
	2.4.6

	Verified System Airflow
	Verified System Airflow


	PROPOSED DESIGN 
	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 Section150.1(c) and Table 150.1-A. 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 CF1R. 
	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 , including each segment of the duct system that has a different R-value. 
	Equation 7
	Equation 7


	 𝑅𝑒𝑓𝑓=(𝐴1+𝐴2…+𝐴𝑁)(𝐴1𝑅1+𝐴2𝑅2…+𝐴𝑁𝑅𝑁)￼ Equation 7 
	Where: 
	Reff =  Area weighted effective R-value of duct system for use in calculating duct efficiency,  (h-ft²-°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-ft²-°F/Btu) 
	PROPOSED DESIGN 
	The software user inputs the R-value of the proposed duct insulation and details. The default duct thermal resistance is based on Table 150.1-A, attic option B, 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 CF1R. Credits 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 software. For each duct segment entered, the user must specify Type (supply/return), Buried (yes/no, per as specified by  Section 2.4.7.10 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
	2.4.7
	2.4.7

	Buried Attic Ducts
	Buried Attic Ducts


	STANDARD DESIGN 
	The required duct insulation R-value for attic Option B is from Table 150.1-A 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 CF1R. Verified duct design is reported in the HERSECC-required verification listing on the CF1 R. 
	Buried Attic Ducts 
	Ducts partly, fully, or deeply buried in blown attic insulation in dwelling units meeting the requirements for verified QII may take credit for increased effective duct insulation. To qualify for buried duct credit, ducts must meet mandatory insulation levels (R-6) before 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
	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 software separately from nonburied ducts. For each buried duct, the user must enter the duct size, R-value, 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 software calculates the weighted average effective duct system R-value based on the user-entered duct information, bl
	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-values used by the software are listed in  through . 
	Table 15: Buried Duct Effective R-Values:  R-8 Ducts With Blown Fiberglass Attic InsulationTable 14: Buried Duct Effective R-Values:  R-8 Ducts With Blown Fiberglass Attic InsulationTable 15: Buried Duct Effective R-Values: R-8 Ducts With Blown Fiberglass Attic Insulation
	Table 15: Buried Duct Effective R-Values:  R-8 Ducts With Blown Fiberglass Attic InsulationTable 14: Buried Duct Effective R-Values:  R-8 Ducts With Blown Fiberglass Attic InsulationTable 15: Buried Duct Effective R-Values: R-8 Ducts With Blown Fiberglass Attic Insulation

	Table 20: Buried Duct Effective R-Values:  R-4.2 Ducts with Blown Cellulose Attic InsulationTable 19: Buried Duct Effective R-Values:  R-4.2 Ducts with Blown Cellulose Attic InsulationTable 20: Buried Duct Effective R-Values: R-4.2 Ducts with Blown Cellulose Attic Insulation
	Table 20: Buried Duct Effective R-Values:  R-4.2 Ducts with Blown Cellulose Attic InsulationTable 19: Buried Duct Effective R-Values:  R-4.2 Ducts with Blown Cellulose Attic InsulationTable 20: Buried Duct Effective R-Values: R-4.2 Ducts with Blown Cellulose Attic Insulation


	PROPOSED DESIGN 
	The 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 QII, verified duct location, reduced surface area and R-value, and verified minimum airflow. The software will allow any combination of duct runs and the associated buried cond
	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 CF1R. 
	Table 151415: Buried Duct Effective R-Values:  R-8 Ducts With Blown Fiberglass Attic Insulation 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 

	R-30 Ceiling 
	R-30 Ceiling 

	R-38 Ceiling 
	R-38 Ceiling 

	R-40 Ceiling 
	R-40 Ceiling 

	R-43 Ceiling 
	R-43 Ceiling 

	R-49 Ceiling 
	R-49 Ceiling 

	R-60 Ceiling 
	R-60 Ceiling 



	3" 
	3" 
	3" 
	3" 

	R-18 
	R-18 

	R-26 
	R-26 

	R-26 
	R-26 

	R-26 
	R-26 

	R-26 
	R-26 

	R-26 
	R-26 


	4" 
	4" 
	4" 

	R-13 
	R-13 

	R-18 
	R-18 

	R-26 
	R-26 

	R-26 
	R-26 

	R-26 
	R-26 

	R-26 
	R-26 


	5" 
	5" 
	5" 

	R-13 
	R-13 

	R-18 
	R-18 

	R-18 
	R-18 

	R-26 
	R-26 

	R-26 
	R-26 

	R-26 
	R-26 


	6" 
	6" 
	6" 

	R-13 
	R-13 

	R-18 
	R-18 

	R-18 
	R-18 

	R-18 
	R-18 

	R-26 
	R-26 

	R-26 
	R-26 


	7" 
	7" 
	7" 

	R-13 
	R-13 

	R-13 
	R-13 

	R-18 
	R-18 

	R-18 
	R-18 

	R-26 
	R-26 

	R-26 
	R-26 


	8" 
	8" 
	8" 

	R-8 
	R-8 

	R-13 
	R-13 

	R-13 
	R-13 

	R-18 
	R-18 

	R-18 
	R-18 

	R-26 
	R-26 


	9" 
	9" 
	9" 

	R-8 
	R-8 

	R-13 
	R-13 

	R-13 
	R-13 

	R-13 
	R-13 

	R-18 
	R-18 

	R-26 
	R-26 


	10" 
	10" 
	10" 

	R-8 
	R-8 

	R-13 
	R-13 

	R-13 
	R-13 

	R-13 
	R-13 

	R-18 
	R-18 

	R-26 
	R-26 


	12" 
	12" 
	12" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-13 
	R-13 

	R-13 
	R-13 

	R-26 
	R-26 


	14" 
	14" 
	14" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-13 
	R-13 

	R-18 
	R-18 


	16" 
	16" 
	16" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-13 
	R-13 


	18" 
	18" 
	18" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-13 
	R-13 


	20" 
	20" 
	20" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 


	22" 
	22" 
	22" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 


	24" 
	24" 
	24" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 




	Source: California Energy Commission 
	Table 161516: Buried Duct Effective R-Values:  R-8 Ducts with Blown Cellulose Attic Insulation 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 

	R-30 Ceiling 
	R-30 Ceiling 

	R-38 Ceiling 
	R-38 Ceiling 

	R-40 Ceiling 
	R-40 Ceiling 

	R-43 Ceiling 
	R-43 Ceiling 

	R-49 Ceiling 
	R-49 Ceiling 

	R-60 Ceiling 
	R-60 Ceiling 



	3" 
	3" 
	3" 
	3" 

	R-14 
	R-14 

	R-20 
	R-20 

	R-20 
	R-20 

	R-20 
	R-20 

	R-32 
	R-32 

	R-32 
	R-32 


	4" 
	4" 
	4" 

	R-14 
	R-14 

	R-14 
	R-14 

	R-20 
	R-20 

	R-20 
	R-20 

	R-20 
	R-20 

	R-32 
	R-32 


	5" 
	5" 
	5" 

	R-8 
	R-8 

	R-14 
	R-14 

	R-14 
	R-14 

	R-20 
	R-20 

	R-20 
	R-20 

	R-32 
	R-32 


	6" 
	6" 
	6" 

	R-8 
	R-8 

	R-14 
	R-14 

	R-14 
	R-14 

	R-14 
	R-14 

	R-20 
	R-20 

	R-32 
	R-32 


	7" 
	7" 
	7" 

	R-8 
	R-8 

	R-14 
	R-14 

	R-14 
	R-14 

	R-14 
	R-14 

	R-20 
	R-20 

	R-20 
	R-20 


	8" 
	8" 
	8" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-14 
	R-14 

	R-14 
	R-14 

	R-20 
	R-20 


	9" 
	9" 
	9" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-14 
	R-14 

	R-20 
	R-20 


	10" 
	10" 
	10" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-14 
	R-14 

	R-20 
	R-20 


	12" 
	12" 
	12" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-14 
	R-14 


	14" 
	14" 
	14" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 




	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 

	R-30 Ceiling 
	R-30 Ceiling 

	R-38 Ceiling 
	R-38 Ceiling 

	R-40 Ceiling 
	R-40 Ceiling 

	R-43 Ceiling 
	R-43 Ceiling 

	R-49 Ceiling 
	R-49 Ceiling 

	R-60 Ceiling 
	R-60 Ceiling 



	16" 
	16" 
	16" 
	16" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 


	18" 
	18" 
	18" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 


	20" 
	20" 
	20" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 


	22" 
	22" 
	22" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 


	24" 
	24" 
	24" 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 

	R-8 
	R-8 




	Source: California Energy Commission 
	Table 171617: Buried Duct Effective R-Values:  R-6 Ducts with Blown Fiberglass Attic Insulation 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 

	R-30 Ceiling 
	R-30 Ceiling 

	R-38 Ceiling 
	R-38 Ceiling 

	R-40 Ceiling 
	R-40 Ceiling 

	R-43 Ceiling 
	R-43 Ceiling 

	R-49 Ceiling 
	R-49 Ceiling 

	R-60 Ceiling 
	R-60 Ceiling 



	3" 
	3" 
	3" 
	3" 

	R-15 
	R-15 

	R-24 
	R-24 

	R-24 
	R-24 

	R-24 
	R-24 

	R-24 
	R-24 

	R-24 
	R-24 


	4" 
	4" 
	4" 

	R-15 
	R-15 

	R-24 
	R-24 

	R-24 
	R-24 

	R-24 
	R-24 

	R-24 
	R-24 

	R-24 
	R-24 


	5" 
	5" 
	5" 

	R-11 
	R-11 

	R-15 
	R-15 

	R-24 
	R-24 

	R-24 
	R-24 

	R-24 
	R-24 

	R-24 
	R-24 


	6" 
	6" 
	6" 

	R-11 
	R-11 

	R-15 
	R-15 

	R-15 
	R-15 

	R-24 
	R-24 

	R-24 
	R-24 

	R-24 
	R-24 


	7" 
	7" 
	7" 

	R-11 
	R-11 

	R-15 
	R-15 

	R-15 
	R-15 

	R-15 
	R-15 

	R-24 
	R-24 

	R-24 
	R-24 


	8" 
	8" 
	8" 

	R-11 
	R-11 

	R-15 
	R-15 

	R-15 
	R-15 

	R-15 
	R-15 

	R-24 
	R-24 

	R-24 
	R-24 


	9" 
	9" 
	9" 

	R-6 
	R-6 

	R-11 
	R-11 

	R-11 
	R-11 

	R-15 
	R-15 

	R-24 
	R-24 

	R-24 
	R-24 


	10" 
	10" 
	10" 

	R-6 
	R-6 

	R-11 
	R-11 

	R-11 
	R-11 

	R-15 
	R-15 

	R-15 
	R-15 

	R-24 
	R-24 


	12" 
	12" 
	12" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-11 
	R-11 

	  R-11 
	  R-11 

	R-15 
	R-15 

	R-24 
	R-24 


	14" 
	14" 
	14" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-11 
	R-11 

	R-15 
	R-15 


	16" 
	16" 
	16" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-11 
	R-11 

	R-15 
	R-15 


	18" 
	18" 
	18" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-11 
	R-11 


	20" 
	20" 
	20" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-11 
	R-11 


	22" 
	22" 
	22" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 


	24" 
	24" 
	24" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 




	Source: California Energy Commission 
	Table 181718: Buried Duct Effective R-Values:  R-6 Ducts with Blown Cellulose Attic Insulation 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 

	R-30 Ceiling 
	R-30 Ceiling 

	R-38 Ceiling 
	R-38 Ceiling 

	R-40 Ceiling 
	R-40 Ceiling 

	R-43 Ceiling 
	R-43 Ceiling 

	R-49 Ceiling 
	R-49 Ceiling 

	R-60 Ceiling 
	R-60 Ceiling 



	3" 
	3" 
	3" 
	3" 

	R-12 
	R-12 

	R-18 
	R-18 

	R-18 
	R-18 

	R-18 
	R-18 

	R-31 
	R-31 

	R-31 
	R-31 


	4" 
	4" 
	4" 

	R-12 
	R-12 

	R-18 
	R-18 

	R-18 
	R-18 

	R-18 
	R-18 

	R-31 
	R-31 

	R-31 
	R-31 




	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 

	R-30 Ceiling 
	R-30 Ceiling 

	R-38 Ceiling 
	R-38 Ceiling 

	R-40 Ceiling 
	R-40 Ceiling 

	R-43 Ceiling 
	R-43 Ceiling 

	R-49 Ceiling 
	R-49 Ceiling 

	R-60 Ceiling 
	R-60 Ceiling 



	5" 
	5" 
	5" 
	5" 

	R-12 
	R-12 

	R-12 
	R-12 

	R-18 
	R-18 

	R-18 
	R-18 

	R-18 
	R-18 

	R-31 
	R-31 


	6" 
	6" 
	6" 

	R-6 
	R-6 

	R-12 
	R-12 

	R-12 
	R-12 

	R-18 
	R-18 

	R-18 
	R-18 

	R-31 
	R-31 


	7" 
	7" 
	7" 

	R-6 
	R-6 

	R-12 
	R-12 

	R-12 
	R-12 

	R-12 
	R-12 

	R-18 
	R-18 

	R-31 
	R-31 


	8" 
	8" 
	8" 

	R-6 
	R-6 

	R-12 
	R-12 

	R-12 
	R-12 

	R-12 
	R-12 

	R-18 
	R-18 

	R-31 
	R-31 


	9" 
	9" 
	9" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-12 
	R-12 

	R-12 
	R-12 

	R-18 
	R-18 


	10" 
	10" 
	10" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-12 
	R-12 

	R-18 
	R-18 


	12" 
	12" 
	12" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-12 
	R-12 


	14" 
	14" 
	14" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-12 
	R-12 


	16" 
	16" 
	16" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 


	18" 
	18" 
	18" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 


	20" 
	20" 
	20" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 


	22" 
	22" 
	22" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 


	24" 
	24" 
	24" 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 

	R-6 
	R-6 




	Source: California Energy Commission 
	Table 191819: Buried Duct Effective R-Values:  R-4.2 Ducts With Blown Fiberglass Attic Insulation 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 

	R-30 Ceiling 
	R-30 Ceiling 

	R-38 Ceiling 
	R-38 Ceiling 

	R-40 Ceiling 
	R-40 Ceiling 

	R-43 Ceiling 
	R-43 Ceiling 

	R-49 Ceiling 
	R-49 Ceiling 

	R-60 Ceiling 
	R-60 Ceiling 



	3" 
	3" 
	3" 
	3" 

	R-13 
	R-13 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 


	4" 
	4" 
	4" 

	R-13 
	R-13 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 


	5" 
	5" 
	5" 

	R-13 
	R-13 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 


	6" 
	6" 
	6" 

	R-13 
	R-13 

	R-13 
	R-13 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 


	7" 
	7" 
	7" 

	R-9 
	R-9 

	R-13 
	R-13 

	R-13 
	R-13 

	R-22 
	R-22 

	R-22 
	R-22 

	R-22 
	R-22 


	8" 
	8" 
	8" 

	R-9 
	R-9 

	R-13 
	R-13 

	R-13 
	R-13 

	R-13 
	R-13 

	R-22 
	R-22 

	R-22 
	R-22 


	9" 
	9" 
	9" 

	R-9 
	R-9 

	R-13 
	R-13 

	R-13 
	R-13 

	R-13 
	R-13 

	R-22 
	R-22 

	R-22 
	R-22 


	10" 
	10" 
	10" 

	R-4.2 
	R-4.2 

	R-9 
	R-9 

	R-13 
	R-13 

	R-13 
	R-13 

	R-13 
	R-13 

	R-22 
	R-22 


	12" 
	12" 
	12" 

	R-4.2 
	R-4.2 

	R-9 
	R-9 

	R-9 
	R-9 

	R-9 
	R-9 

	R-9 
	R-9 

	R-22 
	R-22 


	14" 
	14" 
	14" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-9 
	R-9 

	R-9 
	R-9 

	R-22 
	R-22 


	16" 
	16" 
	16" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-9 
	R-9 

	R-13 
	R-13 


	18" 
	18" 
	18" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-9 
	R-9 


	20" 
	20" 
	20" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-9 
	R-9 




	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 

	R-30 Ceiling 
	R-30 Ceiling 

	R-38 Ceiling 
	R-38 Ceiling 

	R-40 Ceiling 
	R-40 Ceiling 

	R-43 Ceiling 
	R-43 Ceiling 

	R-49 Ceiling 
	R-49 Ceiling 

	R-60 Ceiling 
	R-60 Ceiling 



	22" 
	22" 
	22" 
	22" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 


	24" 
	24" 
	24" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 




	Source: California Energy Commission 
	Table 201920: Buried Duct Effective R-Values:  R-4.2 Ducts with Blown Cellulose Attic Insulation 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 
	Duct Diameter 

	R-30 Ceiling 
	R-30 Ceiling 

	R-38 Ceiling 
	R-38 Ceiling 

	R-40 Ceiling 
	R-40 Ceiling 

	R-43 Ceiling 
	R-43 Ceiling 

	R-49 Ceiling 
	R-49 Ceiling 

	R-60 Ceiling 
	R-60 Ceiling 



	3" 
	3" 
	3" 
	3" 

	R-15 
	R-15 

	R-15 
	R-15 

	R-29 
	R-29 

	R-29 
	R-29 

	R-29 
	R-29 

	R-29 
	R-29 


	4" 
	4" 
	4" 

	R-9 
	R-9 

	R-15 
	R-15 

	R-15 
	R-15 

	R-15 
	R-15 

	R-29 
	R-29 

	R-29 
	R-29 


	5" 
	5" 
	5" 

	R-9 
	R-9 

	R-15 
	R-15 

	R-15 
	R-15 

	R-15 
	R-15 

	R-29 
	R-29 

	R-29 
	R-29 


	6" 
	6" 
	6" 

	R-9 
	R-9 

	R-9 
	R-9 

	R-15 
	R-15 

	R-15 
	R-15 

	R-15 
	R-15 

	R-29 
	R-29 


	7" 
	7" 
	7" 

	R-4.2 
	R-4.2 

	R-9 
	R-9 

	R-9 
	R-9 

	R-15 
	R-15 

	R-15 
	R-15 

	R-29 
	R-29 


	8" 
	8" 
	8" 

	R-4.2 
	R-4.2 

	R-9 
	R-9 

	R-9 
	R-9 

	R-9 
	R-9 

	R-15 
	R-15 

	R-29 
	R-29 


	9" 
	9" 
	9" 

	R-4.2 
	R-4.2 

	R-9 
	R-9 

	R-9 
	R-9 

	R-9 
	R-9 

	R-15 
	R-15 

	R-15 
	R-15 


	10" 
	10" 
	10" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-9 
	R-9 

	R-9 
	R-9 

	R-9 
	R-9 

	R-15 
	R-15 


	12" 
	12" 
	12" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-9 
	R-9 

	R-15 
	R-15 


	14" 
	14" 
	14" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-9 
	R-9 


	16" 
	16" 
	16" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-9 
	R-9 


	18" 
	18" 
	18" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 


	20" 
	20" 
	20" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 


	22" 
	22" 
	22" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 


	24" 
	24" 
	24" 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 

	R-4.2 
	R-4.2 




	Source: California Energy Commission 
	Duct/Air Handler Leakage 
	The total duct/air handler leakage shown in  is used in simulating the duct system. The supply duct leakage for each case is the table value multiplied by 0.585. The return leakage is the table value multiplied by 0.415. 
	Table 21: Duct/Air Handler LeakageTable 20: Duct/Air Handler LeakageTable 21: Duct/Air Handler Leakage
	Table 21: Duct/Air Handler LeakageTable 20: Duct/Air Handler LeakageTable 21: Duct/Air Handler Leakage


	PROPOSED DESIGN 
	For each ducted system, the software user specifies one of the duct/air handler leakage cases shown in . 
	Table 21: Duct/Air Handler LeakageTable 20: Duct/Air Handler LeakageTable 21: Duct/Air Handler Leakage
	Table 21: Duct/Air Handler LeakageTable 20: Duct/Air Handler LeakageTable 21: 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 on the CF1R. Duct leakage is measured in accordance with procedures and values specified in Reference Appendices, Residential Appendix RA3. 
	Low-Leakage Air Handlers 
	A low-leakage air handler may be specified as well as a lower duct leakage value. (See  Section 2.4.7.11 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. 
	2.4.7
	2.4.7

	Duct/Air Handler Leakage
	Duct/Air Handler Leakage


	Table 212021: Duct/Air Handler Leakage 
	Case 
	Case 
	Case 
	Case 
	Case 

	Duct Leakage 
	Duct Leakage 

	Air Handler Leakage 
	Air Handler Leakage 

	Total Duct/Air Handler Leakage 
	Total Duct/Air Handler Leakage 



	Duct systems in existing single-family houses 
	Duct systems in existing single-family houses 
	Duct systems in existing single-family houses 
	Duct systems in existing single-family houses 

	10% 
	10% 

	Included in duct leakage 
	Included in duct leakage 

	10% 
	10% 


	Sealed and tested new or altered duct systems in unconditioned or conditioned space in a townhome or single-family home 
	Sealed and tested new or altered duct systems in unconditioned or conditioned space in a townhome or single-family home 
	Sealed and tested new or altered duct systems in unconditioned or conditioned space in a townhome or single-family home 

	5% 
	5% 

	2% 
	2% 

	7% 
	7% 


	Verified low-leakage ducts in conditioned space 
	Verified low-leakage ducts in conditioned space 
	Verified low-leakage ducts in conditioned space 

	0% 
	0% 

	0% 
	0% 

	0% 
	0% 


	Low-leakage air handlers in combination with sealed and tested new duct systems 
	Low-leakage air handlers in combination with sealed and tested new duct systems 
	Low-leakage air handlers in combination with sealed and tested new duct systems 

	5% or as measured 
	5% or as measured 

	0% 
	0% 

	5% or as measured 
	5% or as measured 




	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. 
	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 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. 
	2.4.8 Space-Conditioning Fan Subsystems 
	Fan systems move air for air-conditioning, heating, and ventilation systems. The 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  Section 2.4.10 Indoor Air Quality Ventilation and  Section 2.4.11 Ventilation Cooling System. 
	2.4.10
	2.4.10

	Indoor Air Quality Ventilation
	Indoor Air Quality Ventilation

	2.4.11
	2.4.11

	Ventilation Cooling System
	Ventilation Cooling System


	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-conditioningcooling and heating systems, the fan efficacy default is the mandatory minimum verified efficacy of 0.45, 0.58, or 0.62 Wwatts/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 the following: 
	L
	Span
	 
	 
	0.45 Wwatts/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 Wwatts/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 Wwatts/CFM for small duct high velocity forced air systems 


	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 CF1R. 
	2.4.9 Space-Conditioning Systems 
	This section describes the general procedures for heating and cooling systems in single-family residential 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. 
	Multiple System Types Within a Building 
	PROPOSED DESIGN 
	For proposed designs using more than one heating system type, equipment type, or fuel type, if the types do not serve the same floor area, then 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 CF1R. 
	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 TDV LSC energy-consuming system serving the space or 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 TDV LSC energy-consuming system unless the supplemental heating meets the exception to Section150.1(c)6. See eligibility criteria in Residential Compliance Manual Section 4.2.2 for conditions under 
	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. 
	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 Section150.1(c) and Table 150.1-A. 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 Section150.1(c) and Table 150.1-A for the applicable climate zone. 
	VERIFICATION AND REPORTING 
	No cooling is reported as a special feature on the CF1R. 
	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 Wwatts/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 Reference Appendices, Residential Appendix RA3.3. 
	2.4.10 Indoor Air Quality Ventilation 
	For newly constructed buildings and additions greater than 1,000 ft2, the Energy Code requires that all dwelling units meet the requirements of ASHRAE Standard 62.2 with California amendments as specified in Section150.0(o). Providing acceptable IAQ by mechanical ventilation is one of the requirements of Standard 62.2. For single-family homes, the required mechanical ventilation rate is equal to the total required ventilation rate for the dwelling minus the calculated annually averaged infiltration rate.  
	The total required ventilation rate for the dwelling unit is calculated using Energy Code, Equation 150.0-B. 
	Equation 8 (Equation 150.0-B) 
	 𝑸𝒕𝒐𝒕𝒂𝒍=𝟎.𝟎𝟑×𝑨𝒇𝒍𝒐𝒐𝒓+𝟕.𝟓×(𝑵𝒃𝒓+𝟏)𝐐𝐭𝐨𝐭𝐚𝐥 = 𝟎.𝟎𝟑𝐀𝐟𝐥𝐨𝐨𝐫 + 𝟕.𝟓(𝐍𝐛𝐫 + 𝟏) 
	Where: 
	Qtotal =  Total required ventilation rate (CFM) 
	Afloor =  Conditioned  floor area in square feet (ft2) 
	Nbr =  Number of bedrooms (not fewer than one) 
	The effective infiltration rate of the dwelling is calculated using Equation 150.0-C or 150.0-D of the Energy Code. 
	Equation 9 (Equation 150.0-C & D) 
	𝑸𝟓𝟎=𝑽𝒅𝒖×𝑨𝑪𝑯𝟓𝟎𝟔𝟎 𝒎𝒊𝒏𝐐𝟓𝟎 = 𝐕𝐝𝐮 𝐱 𝐀𝐂𝐇𝟓𝟎 / 𝟔𝟎 𝐦𝐢𝐧  
	Where: 
	Q50 = Leakage rate at 50 Pa 
	Vdu = Dwelling unit conditioned volume (ft3) 
	ACH50 =  Air changes per hour at 50 Pa (0.2 inch water). 
	The software uses a default of 2 ACH50. The user may input dwelling unit leakage less than 2 ACH50, if the leakage rate is verified by the procedures specified in Reference Appendices, Residential Appendix RA 3.8.  
	The effective annual average infiltration rate is calculated using Energy Code, Equation 150.0-E. 
	Equation 10 (Equation 150.0-E) 
	𝑸𝒊𝒏𝒇=𝟎.𝟎𝟓𝟐×𝑸𝟓𝟎×𝒘𝒔𝒇×(𝑯𝑯𝒓)𝒁 Qinf = 0.052 X Q50 x wsf x [H/Hr]z  
	Where: 
	Qinf = Effective annual infiltration rate (CFM) (L/s) 
	Q50 =  Leakage rate at 50 Pa (from equation 150.0-C or 150.0-D) 
	wsf =  Weather and shielding factor from Table 150.0-D (based on a Climate Zone representative city) 
	H =  Vertical distance between the lowest and highest above-grade points within the pressure boundary (ft) 
	Hr = Reference height, 8.2 ft 
	Z = 0.4 for calculating the effective annual average infiltration rate 
	For single-family and horizontally attached dwelling units, the required mechanical ventilation rate is calculated using Equation 150.0-F of the Energy Code. 
	Equation 11  (Equation 150.0-F) 
	𝑸𝒇𝒂𝒏=𝑸𝒕𝒐𝒕𝒂𝒍−∅×(𝑸𝒊𝒏𝒇×𝑨𝒆𝒙𝒕)Qfan = Qtotal – ∅ (Qinf x Aext)  
	Where: 
	Qfan =  Fan flow rate in cubic feet per minute (CFM) 
	Qtotal =  Total required ventilation rate (CFM) 
	Qinf = Effective annual average infiltration rate, CFM from Equation 150.0-E 
	Aext = Reduction factor accounting for leaks from adjacent dwelling units; 1 for single-family detached homes, or the ratio of exterior envelope surface area that is not attached to garages or other dwelling units to the total envelope surface area for attached dwelling units not sharing ceilings or floor with other dwelling units, occupiable spaces, public garages, or commercial spaces 
	∅ = 1 for balanced ventilation systems and Qinf/Qtotal otherwise 
	For estimating the energy impact of this requirement in compliance software, the minimum ventilation rate is met by either a stand-alone IAQ fan system or a central air handler fan system that can introduce outdoor air. 
	The simplest IAQ fan system is an exhaust fan/bathroom fan that meets the criteria in ASHRAE Standard 62.2 for air delivery and minimal noise. More advanced IAQ fan systems that have a supply or both supply and exhaust fans are possible. To calculate the energy use of stand-alone IAQ fan systems, the systems are assumed to be on continuously. 
	To calculate the energy use of central fan integrated ventilation, the systems are assumed to be on for at least 20 minutes each hour as described below. The fan flow rate and fan power ratio may be different from the values used when the system is on to provide for heating or cooling, depending on the design or controls on the IAQ ventilation portion of the system. 
	PROPOSED DESIGN 
	The proposed design shall incorporate a mechanical ventilation system meeting the above mandatory measures. The compliance software allows the user to specify the IAQ ventilation type (see ), CFM of outdoor ventilation air equal to or greater than what is required by the Energy Code, and Wwatts/CFM. The user must also indicate whether the dwelling unit is attached or detached and the vertical distance between the lowest and highest above-grade points.  
	Table 22: IAQ FansTable 21: IAQ Fans
	Table 22: IAQ FansTable 21: IAQ Fans

	Table 23
	Table 23


	The default minimum IAQ fan is a stand-alone unbalanced exhaust system meeting the above airflow requirements. 
	For balanced systems, the software allows the user to specify the Sensible Recovery Efficiency (SRE) and Adjusted Sensible Recovery Efficiency (ASRE) if the system has energy or heat recovery. If SRE and ASRE are not available at the ventilation CFM that is input for the dwelling unit, the user can enter HVI-listed ratings for an airflow less than the ventilation CFM and greater than the ventilation CFM. The software will interpolate the values at the ventilation CFM. The Wwatts/CFM for balanced fan systems
	Systems with supply ducts (balanced and supply-only) are simulated with increased fan wattage and reduced SRE and ASRE 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), and SRE and ASRE are reduced by a factor of 0.90 (10 percent decrease in recovery efficiencies). For IAQ systems with fault indicator displays (FID) meeting the below specifications provided in Reference Appendices, 
	IAQ System Fault Indicator Display Requirements 
	Installation factors affecting system efficacy do not apply if the following specifications are met. 
	1.
	1.
	1.
	 Fault indication responding to the following categories: 
	a.
	a.
	a.
	 Filter check or maintenance, either based on performance or a predetermined schedule. 

	b.
	b.
	 Low supply airflow. 

	c.
	c.
	 Low exhaust airflow. 

	d.
	d.
	 Sensor failure for sensors that assist in monitoring or controlling for the following operations, where such operations are provided: airflow regulation, frost control, supply air tempering, and economizing. 




	2.
	2.
	 Fault indication using one or more of the following means: 
	a.
	a.
	a.
	 A visual display that is readily accessible to occupants of the dwelling unit and located on or within one foot of the IAQ system control. 

	b.
	b.
	 An electronic application. 

	c.
	c.
	 An audible alarm accompanied by a visual display. 




	3.
	3.
	 Instrumentation and reporting of the following: 
	a.
	a.
	a.
	 Airflow. 

	b.
	b.
	 Fan power. 




	4.
	4.
	 FID certified to CEC by the manufacturer as meeting the above requirements. 


	To receive compliance credit relative to the standard design, balanced and supply-only systems must have accessible supply air filters, outside air inlets, and heat/energy recovery cores (if applicable) as specified in . 
	Table 22: IAQ System Component Accessibility Criteria
	Table 22: IAQ System Component Accessibility Criteria


	For systems not meeting these requirements, compliance credit will be neutralized. (See IAQ system standard design for details.) 
	Table 22: IAQ System Component Accessibility Criteria 
	Dwelling Unit Ventilation System Component 
	Dwelling Unit Ventilation System Component 
	Dwelling Unit Ventilation System Component 
	Dwelling Unit Ventilation System Component 
	Dwelling Unit Ventilation System Component 

	Location 
	Location 

	Accessible Determination 
	Accessible Determination 



	Outdoor Air Intake 
	Outdoor Air Intake 
	Outdoor Air Intake 
	Outdoor Air Intake 

	All locations 
	All locations 

	Intake louvers, grilles, or screens shall be >3/8 inches except where prohibited by local jurisdictions or other code requirements. 
	Intake louvers, grilles, or screens shall be >3/8 inches except where prohibited by local jurisdictions or other code requirements. 


	Outdoor Air Intake  
	Outdoor Air Intake  
	Outdoor Air Intake  

	Exterior wall, soffit, or gable end 
	Exterior wall, soffit, or gable end 

	A point on the perimeter of the outdoor air intake shall be located within 10 feet of a walking surface or grade or the system shall meet the IAQ System FID requirements in the ACM Reference Manual.  
	A point on the perimeter of the outdoor air intake shall be located within 10 feet of a walking surface or grade or the system shall meet the IAQ System FID requirements in the ACM Reference Manual.  


	Outdoor Air Intake 
	Outdoor Air Intake 
	Outdoor Air Intake 

	Roof 
	Roof 

	Access shall be provided in accordance with California Mechanical Code Section 304.3.1 requirements for appliances. 
	Access shall be provided in accordance with California Mechanical Code Section 304.3.1 requirements for appliances. 


	Filters and Heat Exchangers 
	Filters and Heat Exchangers 
	Filters and Heat Exchangers 

	Serviceable from conditioned space, unconditioned basements, or mechanical closets. Heat exchangers may also be serviceable from unconditioned attics if the IAQ system meets the FID requirements in the RACM Reference Manual. 
	Serviceable from conditioned space, unconditioned basements, or mechanical closets. Heat exchangers may also be serviceable from unconditioned attics if the IAQ system meets the FID requirements in the RACM Reference Manual. 

	The H/ERV or supply ventilation system access panel shall be located within 10 feet of the walking surface. 
	The H/ERV or supply ventilation system access panel shall be located within 10 feet of the walking surface. 




	Source: California Energy Commission 
	STANDARD DESIGN 
	For single-family residential buildings, the standard design mechanical ventilation system type (balanced, supply, or exhaust) is the same as the proposed. Fan efficacy is 0.35 Wwatts/CFM for exhaust or supply systems and 0.70 Wwatts/CFM for balanced systems. Airflow rate is equal to the proposed design value or 1.25 times the CFM required by the Energy Code, whichever is smaller. 
	If the proposed IAQ system uses the central air handler fan, the standard design IAQ fan efficacy is equal to: 
	•
	•
	•
	 0.45 Wwatts/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 Wwatts/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 Wwatts/CFM for small-duct high-velocity forced air systems. 


	The standard design is assumed to meet the accessibility criteria in the Energy Code Section 150.0(o)1Civ  and incorporates an FID meeting the requirements in Reference Appendices, Joint Appendix JA17, Qualification Requirements for Indoor Air QualityVenitlation Systems Fault Indicationor Displaysthis section. 
	Table 22: IAQ System Component Accessibility Criteria
	Table 22: IAQ System Component Accessibility Criteria


	If the proposed design is balanced or supply-only and doesn’t meet the accessible requirements listed in , the standard design W/CFM equals the proposed or the default value whichever is lower. Furthermore if the proposed system has heat recovery the standard will have heat recovery with SRE and ASRE equal to the proposed system. Otherwise, the standard design does not have heat recovery. 
	Table 22: IAQ System Component Accessibility Criteria
	Table 22: IAQ System Component Accessibility Criteria


	VERIFICATION AND REPORTING 
	The required ventilation rate to comply with the Energy Code and the means to achieve compliance are indicated on the CF1R. The IAQ system characteristics are reported in the HERSECC-required verification listing on the CF1R. The diagnostic testing procedures are in Reference Appendices, Residential Appendix RA3.7. 
	Special features are reported on the CF1R when the proposed system has heat or energy recovery or when the proposed fan efficacy is less than (that is, more efficient than) 0.35 Wwatts/CFM for single-family residential buildings. 
	Table 222123: IAQ Fans 
	Type 
	Type 
	Type 
	Type 
	Type 

	Description 
	Description 

	Inputs 
	Inputs 



	Stand-alone IAQ Fan 
	Stand-alone IAQ Fan 
	Stand-alone IAQ Fan 
	Stand-alone IAQ Fan 
	(exhaust, supply, or balanced)  

	Dedicated fan system that provides IAQ ventilation to meet or exceed the requirements of Energy Code Section150.0(o).  
	Dedicated fan system that provides IAQ ventilation to meet or exceed the requirements of Energy Code Section150.0(o).  

	CFM, Wwatts/CFM, and SRE and ASRE for balanced systems 
	CFM, Wwatts/CFM, and SRE and ASRE for balanced systems 


	Central Fan Integrated (CFI) 
	Central Fan Integrated (CFI) 
	Central Fan Integrated (CFI) 
	(variable- or fixed-speed) 

	Automatic operation of the air handler for IAQ ventilation. Ventilation type uses a special damper to induce outdoor IAQ ventilation air and distribute it through the HVAC duct system. Mixing type distributes 
	Automatic operation of the air handler for IAQ ventilation. Ventilation type uses a special damper to induce outdoor IAQ ventilation air and distribute it through the HVAC duct system. Mixing type distributes 

	CFM, Wwatts/CFM 
	CFM, Wwatts/CFM 




	Type 
	Type 
	Type 
	Type 
	Type 

	Description 
	Description 

	Inputs 
	Inputs 



	TBody
	TR
	and mixes IAQ ventilation air supplied by a separate stand-alone IAQ fan system. 
	and mixes IAQ ventilation air supplied by a separate stand-alone IAQ fan system. 




	Source: California Energy Commission 
	2.4.11 Ventilation Cooling System 
	Ventilation cooling systems operate at the dwelling-unit level using fans to bring in outside air to cool the house when the air can reduce cooling loads and save cooling energy. System operation is limited to single-family dwellings and operate according to the schedule and set points shown in  . Whole-house fans require either window operation and attic venting or ducting to exhaust hot air. Central fan ventilation cooling systems (fixed and variable-speed) use the HVAC duct system to distribute outside a
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set Points
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set Points

	Table 25

	PROPOSED DESIGN 
	Software allows the user to specify whether a ventilation cooling system ( for system types) is included in conditioned and living zones. The user can specify the airflow and Wwatts/CFM (HERSECC verification required) or a default prescriptive whole-house fan with a capacity of 1.5 CFM/ft2 of conditioned floor area. When the default capacity is selected, the user can select HERSECC verification of the airflow and watts to receive full credit for the system capacity. When HERSECC verification is not selected
	Table 24

	STANDARD DESIGN 
	The standard design building for a newly constructed single-family residential building or for an addition greater than 1,000 ft2 to a single-family residential building has a whole-house fan in Climate Zones 8–14, and no ventilation cooling in other climate zones. (See Section150.1[c] and Table 150.1-A.) The whole-house fan has 1.5 CFM/ft2 of conditioned floor area, 0.14 watts/CFM, with 1 ft2 of attic vent free area for each 750 CFM of rated whole-house fan airflow CFM. 
	VERIFICATION AND REPORTING 
	A ventilation cooling system is either a special feature or a HERSECC verification requirement, the size and type of which are reported on the CF1R (). 
	Table 23: Ventilation Cooling FansTable 22: Ventilation Cooling FansTable 24: Ventilation Cooling Fans
	Table 23: Ventilation Cooling FansTable 22: Ventilation Cooling FansTable 24: Ventilation Cooling Fans


	Table 232224: Ventilation Cooling Fans 
	Measure 
	Measure 
	Measure 
	Measure 
	Measure 

	Description 
	Description 

	HERSECC Verification 
	HERSECC Verification 



	Whole-House Fan 
	Whole-House Fan 
	Whole-House Fan 
	Whole-House Fan 

	Traditional whole-house fan mounted in the ceiling to exhaust air from the house to the attic, inducing outside air in through open windows. Whole-house fans are assumed to operate between dawn and 11 p.m. only at 33 percent of rated CFM to reflect manual operation of fan and windows by occupant. Fans must be listed in the CEC’s Whole House Fan directory. If multiple fans are used, enter the total CFM. 
	Traditional whole-house fan mounted in the ceiling to exhaust air from the house to the attic, inducing outside air in through open windows. Whole-house fans are assumed to operate between dawn and 11 p.m. only at 33 percent of rated CFM to reflect manual operation of fan and windows by occupant. Fans must be listed in the CEC’s Whole House Fan directory. If multiple fans are used, enter the total CFM. 

	Optional RA3.9 
	Optional RA3.9 


	Central Fan Ventilation Cooling 
	Central Fan Ventilation Cooling 
	Central Fan Ventilation Cooling 
	Variable- or fixed-speed 

	Central fan ventilation cooling system. Ventilation type uses a special damper to induce outdoor air and distribute it through the HVAC duct system.  
	Central fan ventilation cooling system. Ventilation type uses a special damper to induce outdoor air and distribute it through the HVAC duct system.  

	Required RA3.3.4 
	Required RA3.3.4 




	Source: California Energy Commission   
	2.5 Conditioned Zones 
	The software requires the user to enter the characteristics of one or more conditioned zones. Subdividing single-family dwelling units into conditioned zones for input convenience or increased accuracy is optional. 
	2.5.1 Zone Type 
	Proposed Design 
	The zone is defined as conditioned, living, or sleeping. Other zone types include garage, attic, and crawl space. 
	Standard Design 
	The standard design is conditioned. 
	VERIFICATION AND REPORTING 
	When the zone type is living or sleeping, this is reported as a special feature on the CF1R. 
	Heating Zonal Control Credit 
	With the heating zonal control credit, the sleeping and living areas are modeled separately for heating, each with its own separate thermostat schedule and internal gain assumptions. Zonal control cannot be modeled with heat pump heating. The total nonclosable opening area between zones cannot exceed 40 ft2. Other eligibility criteria for this measure are presented in the Residential Compliance Manual, Chapter 4. 
	PROPOSED DESIGN 
	The user selects zonal control as a building level input with separate living and sleeping zones. 
	STANDARD DESIGN 
	The standard design building is not zoned for living and sleeping separately. 
	VERIFICATION AND REPORTING 
	Zonal control is reported as a special feature on the CF1R. 
	2.5.2 Conditioned Floor Area 
	The total conditioned floor area (CFA) 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 conditioned floor area of each conditioned zone. 
	STANDARD DESIGN 
	The standard design building has the same conditioned floor area and same conditioned zones as the proposed design. 
	VERIFICATION AND REPORTING 
	The conditioned floor area of each conditioned zone is reported on the CF1R. 
	2.5.3 Number of Stories 
	Number of Stories of the Zone 
	PROPOSED DESIGN 
	The number of stories of the zone. 
	STANDARD DESIGN 
	The standard design is the same as the proposed design. 
	Ceiling Height 
	PROPOSED DESIGN 
	The average ceiling height of the proposed design is used to calculate 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 CF1R. 
	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 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 CF1R. 
	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-story buildings or one-story dwelling units and 8 feet for two or more stories (as derived from number of stories and other zone details). 
	STANDARD DESIGN 
	The standard design is the same as the proposed design. 
	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 software). 
	Underground zones are indicated with the number of feet below grade (for example, -8). 
	STANDARD DESIGN 
	The standard design has the same vertical zone dimensions as the proposed design. 
	Mechanical Systems 
	PROPOSED DESIGN 
	The software requires the user to specify a previously defined HVAC system to provide heating and cooling for the zone and an IAQ ventilation system. The user may also specify a ventilation cooling system that applies to this and other conditioned zones. 
	STANDARD DESIGN 
	The software assigns standard design HVAC, IAQ ventilation, and ventilation cooling systems based on Section150.1(c) and Table 150.1-A for the applicable climate zone. 
	Natural Ventilation 
	Natural ventilation (from windows) is available during cooling mode when needed and available, as shown in . The amount of natural ventilation used by computer software for natural cooling is the lesser of the maximum potential amount available and the amount needed to drive the interior zone temperature down to the natural cooling set point. When natural cooling is not needed or is unavailable, no natural ventilation is used. 
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set PointsTable 25: Hourly Thermostat Set Points
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set PointsTable 25: Hourly Thermostat Set Points


	Computer 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 set point temperature. Only the amount of ventilation required to reduce the zone temperature to the natural ventilation set point temperature is used, and the natural ventilation set point temperature is constrained by the compliance software to be greater than the heat
	Table 242325: Hourly Thermostat Set Points 
	Hour 
	Hour 
	Hour 
	Hour 
	Hour 

	Cooling 
	Cooling 

	Venting 
	Venting 

	Heat Pump Heating 
	Heat Pump Heating 

	Standard Gas Heating Single-Zone 
	Standard Gas Heating Single-Zone 

	Zonal Control Gas Heating Living 
	Zonal Control Gas Heating Living 

	Zonal Control Gas Heating Sleeping 
	Zonal Control Gas Heating Sleeping 



	1 
	1 
	1 
	1 

	78 
	78 

	Off 
	Off 

	68 
	68 

	65 
	65 

	65 
	65 

	65 
	65 


	2 
	2 
	2 

	78 
	78 

	Off 
	Off 

	68 
	68 

	65 
	65 

	65 
	65 

	65 
	65 


	3 
	3 
	3 

	78 
	78 

	Off 
	Off 

	68 
	68 

	65 
	65 

	65 
	65 

	65 
	65 


	4 
	4 
	4 

	78 
	78 

	Off 
	Off 

	68 
	68 

	65 
	65 

	65 
	65 

	65 
	65 


	5 
	5 
	5 

	78 
	78 

	Off 
	Off 

	68 
	68 

	65 
	65 

	65 
	65 

	65 
	65 


	6 
	6 
	6 

	78 
	78 

	68* 
	68* 

	68 
	68 

	65 
	65 

	65 
	65 

	65 
	65 


	7 
	7 
	7 

	78 
	78 

	68 
	68 

	68 
	68 

	65 
	65 

	65 
	65 

	65 
	65 


	8 
	8 
	8 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 


	9 
	9 
	9 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 


	10 
	10 
	10 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	65 
	65 


	11 
	11 
	11 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	65 
	65 


	12 
	12 
	12 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	65 
	65 


	13 
	13 
	13 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	65 
	65 


	14 
	14 
	14 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	65 
	65 


	15 
	15 
	15 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	65 
	65 


	16 
	16 
	16 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	65 
	65 


	17 
	17 
	17 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 


	18 
	18 
	18 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 


	19 
	19 
	19 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 


	20 
	20 
	20 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 


	21 
	21 
	21 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 


	22 
	22 
	22 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 


	23 
	23 
	23 

	78 
	78 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 

	68 
	68 


	24 
	24 
	24 

	78 
	78 

	Off 
	Off 

	68 
	68 

	65 
	65 

	65 
	65 

	65 
	65 




	*Venting starts in the hour the sun comes up. 
	Source: California Energy Commission 
	2.5.4 Conditioned Zone Assumptions 
	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. 
	 shows the standard interior conditioned zone thermal mass objects and the calculation of the simulation inputs that represent them. 
	Table 25: Conditioned Zone Thermal Mass ObjectsTable 24: Conditioned Zone Thermal Mass ObjectsTable 26: Conditioned Zone Thermal Mass Objects
	Table 25: Conditioned Zone Thermal Mass ObjectsTable 24: Conditioned Zone Thermal Mass ObjectsTable 26: Conditioned Zone Thermal Mass Objects


	Table 252426: Conditioned Zone Thermal Mass Objects 
	Item 
	Item 
	Item 
	Item 
	Item 

	Description 
	Description 

	Simulation Object 
	Simulation Object 



	Interior walls 
	Interior walls 
	Interior walls 
	Interior walls 

	The area of one side of the walls completely inside the conditioned zone is calculated as the conditioned floor area of the zone minus ½ 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. 
	The area of one side of the walls completely inside the conditioned zone is calculated as the conditioned floor area of the zone minus ½ 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. 

	Wall exposed to the zone on both sides  
	Wall exposed to the zone on both sides  


	Interior floors 
	Interior floors 
	Interior floors 

	The area of floors completely inside the conditioned zone is calculated as the difference between the CFA of 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. 
	The area of floors completely inside the conditioned zone is calculated as the difference between the CFA of 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. 

	Floor/ceiling surface exposed to the zone on both sides  
	Floor/ceiling surface exposed to the zone on both sides  


	Furniture and heavy contents 
	Furniture and heavy contents 
	Furniture and heavy contents 

	Contents of the conditioned zone with significant heat storage capacity and delayed thermal response, for 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. 
	Contents of the conditioned zone with significant heat storage capacity and delayed thermal response, for 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. 

	Horizontal wood slab exposed to the zone on both sides 
	Horizontal wood slab exposed to the zone on both sides 




	Item 
	Item 
	Item 
	Item 
	Item 

	Description 
	Description 

	Simulation Object 
	Simulation Object 



	Light and thin contents 
	Light and thin contents 
	Light and thin contents 
	Light and thin contents 

	Contents of the conditioned zone that have a large 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. 
	Contents of the conditioned zone that have a large 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. 

	Air heat capacity (Cair) = CFA * 2  
	Air heat capacity (Cair) = CFA * 2  




	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 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   Exterior Thermal Mass. 
	2.5.6
	2.5.6

	Exterior Thermal Mass
	Exterior Thermal Mass

	2.5.6.4
	2.5.6.4


	STANDARD DESIGN 
	The standard design has standard conditioned zone thermal mass objects. 
	Thermostats and Schedules 
	Thermostat settings are shown in . The values for cooling, venting, and standard heating apply to the standard design run and are the default for the proposed design run. See the explanation later in this section regarding the values for zonal control. 
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set PointsTable 25: Hourly Thermostat Set Points
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set PointsTable 25: Hourly Thermostat Set Points


	Heat pumps equipped with supplementary electric resistance heating are assumed to meet mandatory control requirements specified in Section110.2(b) and (c). 
	Systems with no setback required by Section110.2(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 cooling set point from  is assumed in both the proposed and standard designs. 
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set PointsTable 25: Hourly Thermostat Set Points
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set PointsTable 25: Hourly Thermostat Set Points


	PROPOSED DESIGN 
	The proposed design assumes a mandatory setback thermostat meeting the requirements of Section110.2(c). Systems exempt fromthat are not required to have  the requirement for a 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 that is not required to have exempt from the a setback thermostat requirement, the standard design has no setback thermostat capabilities. 
	Determining Heating Mode vs. Cooling Mode 
	When the building is in the heating mode, the heating set points for each hour are set to the “heating” values in , the cooling set point is a constant 78 degrees Fahrenheit (°F), and the ventilation set point is set to a constant 77°F. When the building is in the cooling mode, the heating set point is a constant 60°F, and the cooling and venting set points are set to the values in . 
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set PointsTable 25: Hourly Thermostat Set Points
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set PointsTable 25: Hourly Thermostat Set Points

	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set PointsTable 25: Hourly Thermostat Set Points
	Table 24: Hourly Thermostat Set PointsTable 23: Hourly Thermostat Set PointsTable 25: Hourly Thermostat Set Points


	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 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. 
	2.5.5 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). 
	Proposed Design 
	Plug loads and lighting are fixed assumptions that very based on the time of day, day of the week (for example, weekday vs. weekend), and season. 
	Standard Design 
	The standard design internal gains are the same as the proposed design. 
	2.5.6 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. 
	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 software allows the user to define ceilings below attic, enter the area, and select a construction assembly for each. 
	The compliance software will verify that the area-weighted average U-factor for ceiling and rafter roof assemblies meets the mandatory maximum U-factor of 0.043. The software will also verify that the area-weighted average U-factor for roof assemblies that are above conditioned space in Climate Zones 4, and 8-16 meets the mandatory maximum U-factor of 0.184, unless duct systems meet one of tehthe following: 
	•
	•
	•
	 Ducts located within the conditioned space (except < 12 linear ft)  

	•
	•
	 Ducts located entirely in conditioned space below the ceiling separating the occupioable space from the attic 

	 
	 
	Verified low-leakage ducts entirely in conditioned space  

	•
	•
	 Distribution system without ducts (none)  

	•
	•
	 Ducts buried within attic insulation that complies using Section 150.1(b) and verified according to RA3.1.4.1 


	If the mandatory requirements are not met, the user will receive an error message and the simulation will not proceed. 
	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-performance attic with a ceiling constructed with 2x4 framed trusses and insulated with the R-values specified in Section150.1(c) and Table 150.1-A for the applicable climate zone, assuming Option B. The roof surface is a 10 lbs/ft2 tile rooduf with an air space when the proposed roof is steep slope or a lightweight roof when the proposed roof is low slope. 
	Single-family dwelling units: Below-roof-deck insulation has R-0 in Cclimate Zzones 1–3 and 5–7 and R-19 in Cclimate Zzones 4 and 8–16. Insulation on the ceiling has R-38 in Cclimate Zzones 1, 2, 4, and 8–16 and R-30 insulation in Cclimate Zzones 3 and 5–7. Climate Zzones 2, 3, and 5–7 have a radiant barrier, and Cclimate Zzones 1, 4, and 8–16 have no radiant barrier. 
	VERIFICATION AND REPORTING 
	Ceiling below attic area and constructions are reported on the CF1R. SIP assemblies are reported as a special feature on the CF1R. 
	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 
	The 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 a cathedral ceiling below attic with the features of Option CB from Section150.1(c)(c) and Table 150.1-A or for the applicable climate zone. The total cathedral ceiling area is equally divided among the four main compass points – north, east, south, and west. 
	The standard design building has an area of ceiling below attic equal to the non-attic ceiling/roof areas of the proposed design. The standard design roof and ceiling surfaces are modeled with the same construction assembly and characteristics, aged solar reflectance, and thermal emittance characteristics as Section150.1(c), Table 150.1-A for the applicable roof slope and climate zone. 
	VERIFICATION AND REPORTING 
	Non-attic ceiling/roof area and constructions are reported on the CF1R. SIP assemblies are reported as a special feature on the CF1R. 
	Exterior Walls 
	PROPOSED DESIGN 
	The 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 adjacent to unconditioned spaces with no solar gains (such as knee walls or garage walls) are entered as an interior wall with the zone on the other side specified as att
	The compliance software will check verify that the wall assembly entered by the user meets the mandatory U-factor or insulation requirements. If it does not, the user will receive an error message. and the simulation will not proceed. 
	STANDARD DESIGN 
	The standard design building has high-performance walls modeled with the same area of framed walls as in the proposed design separating conditioned space and the exterior, with a U-factor equivalent to that as specified in Section150.1(c)1.B and Table 150.1-A for the applicable climate zone. 
	Single-family dwellings: Above-grade framed walls in Climate Zones 1–5 and 8–16 have 2x6 16-in. on center wood framing with R-21 insulation between framing and R-5 continuous insulation (0.048 U-factor). Climate Zones 6 and 7 above-grade walls have 2x4 
	16-in. on center wood framing with R-15 insulation between framing and R-4 continuous insulation (0.065 U-factor). Walls adjacent to unconditioned space, such as garage walls, are treated the same as exterior walls, except there is no continuous insulation. 
	Above-grade mass walls are 6-inch concrete with R-13 interior insulation in 3.5-inch wood furring in Climate Zones 1–15 and R-17 in Climate Zone 16. Below-grade mass walls in Climate Zones 1–15 have R-13, and Climate Zone 16 has R-15 interior insulation in 3.5-inch wood furring. When the proposed design is a wall type such as SIP, straw bale, or other construction type not specifically mentioned above, the standard design wall is a wood-framed wall meeting the requirements of Section150.1(c) Table 150.1-A. 
	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. The gross exterior wall area of framed walls in the standard design (excluding demising walls) is equally divided among the four main compass points – north, east, south, and west. The gross exterior wall area of mass walls in the standard design (excluding demising walls and below-grade walls) is equally divided among these four main compass points. Window and 
	VERIFICATION AND REPORTING 
	Exterior wall area and construction details are reported on the CF1R. Metal-framed and SIP assemblies are reported as a special feature on the CF1R. 
	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   Section 2.5.4.1 Internal Thermal Mass.) 
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	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 hard-wood. 
	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  Section 2.5.4.1 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: 
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	•
	•
	•
	  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-ft2-°F. The exposed portion shall have a surface conductance of 1.3 Btu/h-ft2-°F (no thermal resistance on the surface), and the covered portion shall have a surface conductance of 0.50 Btu/h-ft2-°F, typical of a carpet and pad. 

	•
	•
	  The “exposed” portion of the conditioned nonslab floor area shall have a thickness of 2.0 inches, a volumetric heat capacity of 28 Btu/ft3-°F, a conductivity of 0.98 Btu-in/hr- ft2-ºF; and a surface conductance of 1.3 Btu/h- ft2-°F (no added thermal resistance on the surface). These thermal mass properties apply to the “exposed” portion of nonslab floors for both the proposed design and standard design. The covered portion of nonslab 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 are reported as a special feature on the CF1R. 
	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  Section 2.5.6.6 Fenestration.) Doors with less than 25 percent fenestration are considered an opaque door. 
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	PROPOSED DESIGN 
	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 su
	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 standard design door area is distributed equally among the four main compass points –north, east, south, and west. The U-factor for the standard design is taken from Section150.1(c) and Table 150.1-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 CF1R. 
	Fenestration 
	Fenestration is modeled with a U-factor and solar heat gain coefficient (SHGC). Acceptable sources of these values are National Fenestration Rating Council (NFRC), default tables from Section110.6 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 4 to Section 150.1(c)3A. 
	There is no detailed model of chromogenic fenestration available. As allowed by Exception 3 to Section 150.1(c)3A, 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, area, orientation, and tilt. 
	Performance data (U-factors and SHGC) are from NFRC values or from the CEC default tables from Section110.6 of the Energy Code. In spaces other than sunspaces, solar gains from windows or skylights use the California Simulation Engine (CSE) default solar gain targeting. 
	Skylights are a fenestration with a slope of 60 degrees or more. Skylights are modeled as part of a roof. 
	The compliance software will check that the area weighted window U-factor for all fenestration meets the mandatory U-factor for window requirements. If it does not, the user will receive an error message and the simulation will not proceed. 
	STANDARD DESIGN 
	If the proposed design fenestration area is less than 20 percent of the conditioned floor area, the standard design fenestration area is set equal to the proposed design fenestration area. Otherwise, the standard design fenestration area is set equal to 20 percent of the conditioned floor area. The standard design fenestration area is distributed equally among the four main compass points — north, east, south, and west. 
	The standard design has no skylights. 
	The net wall area on each orientation is reduced by the fenestration area and door area on each façade. The U-factor and SHGC performance factors for the standard design are taken from Section150.1(c) and Table 150.1-A, which is 0.2730 U-factor except in the following instances in all climate zones. Homes with greater than 500 square feet of conditioned floor area in climate zone 6-10 and 157 have a U-factor of 0.3028 U-factor. Homes with 500 square feet or less of conditioned floor area in climate zones 5-
	VERIFICATION AND REPORTING 
	Fenestration area, U-factor, SHGC, orientation, and tilt are reported on the CF1R. SHGC is reported on the CF1R as an allowable maximum and minimum for each window calculated as the SHGC entered by the user plus or minus 0.01. 
	Overhangs and Sidefins 
	PROPOSED DESIGN 
	Software users enter a set of basic parameters for a description of an overhang and sidefin for each 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 fin
	Figure 65: Overhang Dimensions 
	 
	Figure
	Source: California Energy Commission 
	Figure 76: Sidefin Dimensions 
	 
	Figure
	Source: California Energy Commission 
	STANDARD DESIGN 
	The standard design does not have overhangs or sidefins. 
	VERIFICATION AND REPORTING 
	Overhang and fin dimensions are reported on the CF1R. 
	Interior Shading Devices 
	For both the proposed and standard designs, 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. 
	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. 
	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. 
	Slab on Grade Floors 
	PROPOSED DESIGN 
	The 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
	When the proposed heating distribution is radiant floor heating (heated slab), the 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 Cclimate Zzones 1–15 and R-10 in Cclimate Zzone 16 (Section110.8[g], Table 110.8-A). 
	STANDARD DESIGN 
	The standard design perimeter lengths and slab on grade areas are the same as the proposed design. Eighty 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 Cclimate Zzone 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 Cclimate Zzones 1–15 and R-10 in Cclimate Zzone 16. 
	VERIFICATION AND REPORTING 
	Slab areas, perimeter lengths, and inputs of other than the default condition are reported on the CF1R. 
	Underground Floors 
	PROPOSED DESIGN 
	The 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. 
	Raised Floors 
	PROPOSED DESIGN 
	The 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 
	The standard design has the same area and type of construction as the proposed design. The thermal characteristics meet Section150.1(c) and Table 150.1-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 Cclimate Zzones 1, 2, 11, 13, 14, 16; Cclimate Zzones 12 and 15 have R-4;
	VERIFICATION AND REPORTING 
	Raised floor areas and constructions are reported on the CF1R.
	2.6 Attics 
	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 . 
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	Figure 87: Attic Model Components 
	 
	Figure
	Source: California Energy Commission 
	2.6.1 Attic Components 
	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. 
	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. 
	Fraction High 
	This is 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. 
	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. 
	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 on the certificate of compliance. Roof construction with a roof membrane mass of at least 25 lbs/ft2, or a roof area that has integrated solar collectors, is assumed to meet the minimum solar reflectance. 
	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 the certified aged thermal emittance value is not available from the  (CRRCofs.org. Roof construction with a roof membrane mass of at least 25 lbs/ft2 or roof area incorporated integrated solar collectors is assumed to meet the default thermal emittance. 
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	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 lbs/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 less than 2 feet in 12) in Climate climate Zzones 13 and 15 will have a standard design of solar reflectance index (SRI) 75 modeled using an aged solar reflectance of 0.63 and a thermal emittance of 0.85. 
	Steep-sloped roofs in Cclimate Zzones 10–15 will have a standard design roof of SRI 16 modeled using 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 lbs/ft² are assumed to meet the standard design values for solar reflectance and thermal emittance. 
	VERIFICATION AND REPORTING 
	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. 
	2.6.2 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 lb/ft3, and a specific heat of 0.2 Btu/lb. 
	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 CF1R. 
	2.6.3 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. 
	VERIFICATION AND REPORTING 
	The roof pitch is reported on the CF1R. 
	2.6.4 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 150.0[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 CF1R. 
	2.6.5 Attic Edge 
	With a standard roof truss (), the depth of the ceiling insulation is restricted to the space left 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 
	Figure 8: Section at Attic Edge with Standard TrussFigure 8: Section at Attic Edge with Standard TrussFigure 9: Section at Attic Edge with Standard Truss
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	Figure 98: Section at Attic Edge with Standard Truss 
	 
	Figure
	Source: California Energy Commission 
	A raised heel truss () provides additional height at the attic edge that, depending on the height Y and the ceiling insulation R, can either reduce or eliminate the attic edge area and the associated thermal effect. 
	Figure 9: Section at Attic Edge with a Raised Heel TrussFigure 9: Section at Attic Edge with a Raised Heel TrussFigure 10: Section at Attic Edge with a Raised Heel Truss
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	Figure 109: Section at Attic Edge with a Raised Heel Truss 
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	Source: California Energy Commission 
	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. 
	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 being a standard truss, as shown in . If the user selects a raised heel truss, the compliance software will require the user to specify the vertical distance between the wall top plate and the bottom of the roof deck (Y in ). 
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	Figure 9: Section at Attic Edge with a Raised Heel TrussFigure 9: Section at Attic Edge with a Raised Heel TrussFigure 10: Section at Attic Edge with a Raised Heel Truss
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	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 CF1R. 
	2.6.6 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 , which shows a detailed section through the roof deck. 
	Figure 10: Components of the Attic Through Roof DeckFigure 10: Components of the Attic Through Roof DeckFigure 11: Components of the Attic Through Roof Deck
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	Figure 1110: Components of the Attic Through Roof Deck 
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	Source: California Energy Commission 
	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 sheathing in 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 150.1[c] and Table 150.1-A) for the applicable climate zone with Option B. 
	VERIFICATION AND REPORTING 
	Radiant barriers are reported as a special feature on the CF1R. 
	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. 
	The compliance software will verify that the wall assembly entered by the user meets the mandatory U-factor or insulation requirements. If it does not, the user will receive an error message and the simulation will not proceed. 
	STANDARD DESIGN 
	The standard design has below-deck insulation as specified in  Section 2.5.6.1 Ceilings Below Attics. 
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	VERIFICATION AND REPORTING 
	The R-value of any below-deck insulation is reported as a special feature on the CF1R. 
	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. 
	VERIFICATION AND REPORTING 
	Nonstandard roof deck framing or spacing is reported as a special feature on the CF1R. 
	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 CF1R. 
	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. 
	L
	Span
	 
	 
	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. Tapered cedar shingles do not qualify and are treated as a conventional roof surface. 

	 
	 
	Other steep-sloped 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-sloped 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 lbs/ft² for concrete and clay tile and 5 lbs/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 lbs/ft² 

	 
	 
	10 lbs/ft² 

	 
	 
	15 lbs/ft² 

	 
	 
	25 lbs/ft² 





	STANDARD DESIGN 
	The roof slope shall match the proposed design. The roof type for a steep slope roof is 10 lbs/ft2 tile. The roof type for low-slope roof is lightweight roof. 
	VERIFICATION AND REPORTING 
	The roof type is reported on the CF1R. 
	Solar Reflectance and Thermal Emittance 
	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 in the software. Roof construction with a roof membrane mass of at least 25 lbs/ft2 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 the prescriptive standards. 
	VERIFICATION AND REPORTING 
	Thermal emittance and solar reflectance shall be reported on the CF1R. 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. 
	2.7 Crawl Spaces 
	PROPOSED DESIGN 
	The software user will model the crawl space as a separate unconditioned zone, selecting appropriate vented crawl space (with raised floor insulation), the perimeter of the crawl space (in linear feet) and the height of the crawl space. 
	STANDARD DESIGN 
	The standard design has a typical vented crawl space when a crawl space is modeled in the proposed design. Otherwise, the raised floor is assumed to be over exterior or unconditioned space. 
	VERIFICATION AND REPORTING 
	The crawl space zone type and characteristics shall be reported on the CF1R.  
	2.8 Garage/Storage 
	An attached, unconditioned space is modeled as a separate unconditioned zone. While the features of this space have no effect on compliance directly, it is modeled to accurately represent the building. The modeling of the garage/storage area will shade the walls adjacent to conditioned space and will have a lower air temperature (than the outside) adjacent to those walls. The walls and door that separate the conditioned zone from the garage/storage area are modeled as part of the conditioned zone. 
	PROPOSED DESIGN 
	The software user will model the area and type for the floor, exterior walls (ignore windows), large metal roll-up or wood doors (assume a 1.0 U-factor), and roof/ceiling (typically an attic or the same as the conditioned zone). 
	STANDARD DESIGN 
	The standard design building has the same features as the proposed design. 
	VERIFICATION AND REPORTING 
	The presence of an attached garage or unconditioned space is reported as general information on the CF1R. The general characteristics of the unconditioned zone are reported on the CF1R.
	2.9 Domestic Hot Water (DHW) 
	Water heating energy use is based on the number of bedrooms, fuel type, distribution system, water heater type, and conditioned floor area. Detailed calculation information is included in Appendix B. 
	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). 
	Heat pump water heaters are defined by energy factor, volume, and tank location or, for Northwest Energy Efficiency Alliance (NEEA) rated heat pumps, by selecting the specific heater brand, model, and tank location. 
	Water heater and tank types include: 
	•
	•
	•
	 Consumer storage: ≤ 75,000 Btu/h gas/propane, ≤ 12 kW electric, or ≤ 24 amps heat pump, rated with UEF. 

	•
	•
	 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. 

	•
	•
	 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. 

	•
	•
	 Residential-duty commercial instantaneous: ≤ 200,000 Btu/h gas/propane, ≤ 58.6 kW electric, rated storage volume ≤ 2 gallons, rated with a UEF. 

	•
	•
	 Commercial storage: > 75,000 Btu/h gas/propane, >105,000 Btu/h oil, or > 12 kW electric, rated with thermal efficiency and standby loss. 

	•
	•
	 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. 

	•
	•
	 Heat pump water heater: ≤ 24 amps NEEA rating or rated with UEF. 

	•
	•
	 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 (for example, cold water sandwich effect). If the standby loss of this aftermarket tank is not listed in the , a standby loss of 35 W must be assumed. 
	CEC appliance database
	CEC appliance database



	•
	•
	 Indirect: a tank with no heating element or combustion device used in combination with a boiler or other device serving as the heating element. 

	•
	•
	 Boiler: a water boiler that supplies hot water, rated with thermal efficiency or AFUE. 


	Heater element type includes: 
	L
	Span
	•
	•
	 Electric resistance. 

	•
	•
	 Gas. 


	•
	•
	•
	 Heat pump. 


	Dwelling unit distribution system types include: 
	•
	•
	•
	 Standard (all distribution pipes insulated). 

	•
	•
	 Point of use. 

	•
	•
	 Central parallel piping. 

	•
	•
	 Recirculation with non-demand control (continuous pumping). 

	•
	•
	 Recirculation with demand control, push button. 

	•
	•
	 Recirculation with demand control, occupancy/motion sensor. 

	•
	•
	 HERSECC-required pipe insulation, all lines. 

	•
	•
	 HERSECC-required central parallel piping. 

	•
	•
	 HERSECC-required recirculation, demand control, push button. 

	•
	•
	 HERSECC-required recirculation with demand control, occupancy/motion sensor. 


	Some distribution systems have an option to 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 RA2-1 for a summary of inspection requirements. 
	2.9.1 Distribution Compactness 
	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. 

	 
	 
	Compact distribution basic credit. 

	 
	 
	Compact distribution expanded credit (HERS). 


	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 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 CF2R where the actual fixture distances for the design will need to be specified. 
	2.9.2 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 preheat water can be routed to the served shower, water heater, or both. 
	The user specifies the DWHR 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: 
	 
	 
	 
	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. 

	 
	 
	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.) 

	 
	 
	Unequal flow to water heater: The potable-side heat exchanger output feeds only the associated fixture. 


	Multiple DWHR devices can be used for a water heater system. 
	Drain water heat recovery is a HERSECC-verified measure. 
	2.9.12.9.3 Domestic Water Heating Systems 
	The standard design for all climate zones is uses a single heat pump water heater (HPWH) with a 2.0 UEF. If the proposed building has an attached garage, then the standard design HPWH location in the standard design is the garage. If the proposed building does not have an attached garage, then the standard design HPWH location in the standard design is in the conditioned space with the air inlet and outlet ducted to the outside. If the proposed design is a gas water heater the standard design is an instanta
	If the proposed design inIn climate zones 1 or 16 uses a minimally compliant HPWH, the standard design will additionally include the a compact distribution basic credit system. If the proposed design in In climate zone 16 uses a minimally compliant HPWH, the standard design will additionally include both a compact distribution system and a drain water heat recovery system. 
	 with compact distribution basic credit in Climate Zones 1 and 16, and a drain water heat recovery system in Climate Zone 16. In Climate Zone 16, the standard design DWHR has an exchanger efficiency of 0.65, serving 100 percent of showers, with an equal shower configuration. 
	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. 
	In Climate Zones 3, 4, 13, and 14, 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.  For buildings that are 500 square feet or
	2.9.22.9.4 Solar Thermal Water Heating Credit 
	When a water heating system hasis provided by a solar thermal system to provide part of the water heating, the user enters information about the Solar Rating and Certification Corporation (SRCC) OG-100 approved collector (manufacturer, brand, model number), including details of the installation (azimuth, tilt). 
	Alternatively, the user can enter the OG-300 rated solar fraction for their specific climate zone. 
	 
	2.10 Additions/Alterations 
	Addition and alteration compliance is based on Energy Code, Section150.2. The energy budget for additions and alterations is based on TDV LSC energy. Alterations must model the entire dwelling unit. Additions may be modeled as addition alone, as “existing+addition+alteration,” or the entire building may be modeled to meet all of the requirements for a as an entirely newly constructed building (whole building, Section150.2([c)]). 
	Additions that are 1,000 ft2 or less are exempt fromare not required to meet the dwelling unit ventilation requirements of Section150.0(o)1C, Section150.0(o)1E, or Section150.0(o)1F. When an addition to any building creates a new dwelling unit, this exception does not apply. 
	The standard design does not include: 
	L
	Span
	•
	•
	 Cool roof when an addition is 300 ft2 or less. 

	•
	•
	 Ventilation cooling for additions that are 1,000 ft2 or less. 

	•
	•
	 Solar generation/PV requirements. 


	2.10.1 Accessory Dwelling Units 
	When an accessory dwelling unit (ADU) is detached and newly constructed, it must comply using the whole building approach as described in  Section 2.10.2 Whole Building. When an ADU is created by conditioning an existing unconditioned space and is either attached or detached, it may comply using any of the compliance approaches allowed for additions as described in   or  Section 2.10.3 Alteration-Alone Approach or Section 2.10.4 Addition-Alone Approach. 
	2.10.2
	2.10.2

	Whole Building
	Whole Building

	2.10.3
	2.10.3

	Alteration-Alone Approach
	Alteration-Alone Approach

	2.10.4
	2.10.4

	Addition-Alone Approach
	Addition-Alone Approach


	2.10.2 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. 
	2.10.3 Alteration-Alone Approach 
	The proposed alteration alone floor area is modeled. The alteration requirements of Section150.2(b) are applied to any features that do not exist. 
	2.10.4 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 ), are given to the addition-alone approach. (See Energy Code, Section150.2[a]2.B.) The addition complies if the proposed design uses equal to or less space heating, space cooling, and water heating TDV LS
	(2.10.52.10.5 Existing + Addition + Alteration ApproachSection 2.10.5 Existing+ Addition_ Alteration Approach
	(2.10.52.10.5 Existing + Addition + Alteration ApproachSection 2.10.5 Existing+ Addition_ Alteration Approach


	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   and  Section 2.4.1 Heating Subsystems and Section 2.4.6 Cooling Subsystems.) 
	2.4.1
	2.4.1

	Heating Subsystems
	Heating Subsystems

	2.4.6
	2.4.6

	Cooling Subsystems
	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: 
	 
	 
	 
	 When roofing requirements are included in Table 150.1-A, they are included in the standard design if the added conditioned floor area is greater than 300 ft2. 

	 
	 
	 When ventilation cooling (whole-house fan) is required by Table 150.1-A, it is included in the standard design when the added conditioned floor area is greater than 1,000 ft2. The capacity shall be based on 1.5 CFM/ft2 of conditioned floor area for the entire dwelling unit conditioned floor area. 

	 
	 
	When compliance with IAQ requirements of Section150.0(o) apply to an addition with greater than 1,000 ft2 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. 

	 
	 
	PV requirements are not included. 

	 
	 
	The standard design HVAC system is a natural gas furnace (or propane if natural gas is not available) if the proposed design has a gas heating system. The standard design HVAC system is a split heat pump if the proposed design has an electric heating system. See  Section 2.4.1 Heating Subsystems for equipment efficiencies and operating details for each type of system. The cooling system for the standard design building is a nonzonal control system, split-system ducted cooling system, meeting the minimum req
	2.4.1
	2.4.1

	Heating Subsystems
	Heating Subsystems

	2.4.6
	2.4.6

	Cooling Subsystems
	Cooling Subsystems



	 
	 
	The domestic water heating system is a natural gas tankless (or propane if natural gas is not available) if the proposed design has a gas water heating system. The standard design water heating system is a heat pump water heater if the proposed design has an electric water heating system. For additions 500 square feet or less, the standard design is an instantaneous electric water heater if the proposed design is an instantaneous electric water heater, or the standard design is an electric consumer storage 


	2.10.5 Existing + Addition + Alteration Approach  
	Energy Code Section150.2(a)2 contains the provisions for additions and Section150.2(b)2 for alterations when the existing building is included in the calculations. These provisions are the “Existing + Addition + Alteration” (or “E+A+A”) performance approach. 
	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 E+A+A standard design using the rules in the standards 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 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. No verification of existing conditions is assumed with this designation. 

	 
	 
	Verified Altered: the surface or system is altered in the proposed design, and the original condition is verified by a HERSECC Rater (an optional selection). 

	 
	 
	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 150.2, Table 150.2-GD specifies the details of the standard design for altered components based on whether verification of existing conditions is selected: 
	 
	 
	 
	Altered with no third-party verification of existing conditions (the default selection). This compliance path does not require an on-site inspection of existing conditions prior to the start of construction. The attributes of the existing condition are undefined, with the standard design for altered components based on Section150.2, Table 150.2-GD, and the climate zone. Energy compliance credit or penalty is a function of the difference between the value for that specific feature allowed in Table 150.2-GD a

	 
	 
	Verified Altered existing conditions. This compliance path requires that a HERSECC Rater perform an on-site inspection of pre-alteration conditions prior to construction. If an altered component or system meets or exceeds the prescriptive alteration requirements, the compliance software uses the user-defined and verified existing condition as the standard design value. Energy compliance credit is then based on the difference between the verified existing condition for that altered feature and the modeled/in


	QII  
	STANDARD DESIGN 
	The standard design includes QII for additions greater than 700 ft2 in any single-family residential building in Cclimate Zzones 1–16 (Section150.2[a]1Bv). 
	The provisions of Section150.2(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. 
	PV  
	STANDARD DESIGN 
	The standard design does not include PV for additions and alterations. 
	Roof/Ceilings  
	STANDARD DESIGN 
	The standard design roof/ceiling construction assembly is based on the proposed design assembly type as shown in . For additions equal to or less than 700 ft2, radiant barrier requirements follow Option C (Section150.1[c]9B). The standard design for unaltered ceilings and roofs is the existing condition.  
	Table 26: Standard Design for Roofs/CeilingsTable 26: Standard Design for Roofs/CeilingsTable 27: Standard Design for Roofs/Ceilings
	Table 26: Standard Design for Roofs/CeilingsTable 26: Standard Design for Roofs/CeilingsTable 27: Standard Design for Roofs/Ceilings


	Table 262627: Standard Design for Roofs/Ceilings 
	Proposed Design Roof/Ceiling Types 
	Proposed Design Roof/Ceiling Types 
	Proposed Design Roof/Ceiling Types 
	Proposed Design Roof/Ceiling Types 
	Proposed Design Roof/Ceiling Types 

	Addition < 300 ft2 
	Addition < 300 ft2 

	Addition > 300 ft2 and < 700 ft 
	Addition > 300 ft2 and < 700 ft 

	Addition > 700 ft2 
	Addition > 700 ft2 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 



	Roof Deck Insulation (below-deck, where required) at vented attic 
	Roof Deck Insulation (below-deck, where required) at vented attic 
	Roof Deck Insulation (below-deck, where required) at vented attic 
	Roof Deck Insulation (below-deck, where required) at vented attic 

	NR 
	NR 

	NR 
	NR 

	CZ 4, 8-16 = R-19  
	CZ 4, 8-16 = R-19  
	 

	CZ 3, 5-7 = NR CZ 1, 2, 4, 8-16 = R-14/U-0.039NR 
	CZ 3, 5-7 = NR CZ 1, 2, 4, 8-16 = R-14/U-0.039NR 

	Existing 
	Existing 


	Ceilings Below Attic 
	Ceilings Below Attic 
	Ceilings Below Attic 

	 CZ 1, 2, 4, 8-16 = R-38 CZ 3, 5-7 = R-30 
	 CZ 1, 2, 4, 8-16 = R-38 CZ 3, 5-7 = R-30 

	 CZ 1, 2, 4, 8-16 = R-38 CZ 3, 5-7 = R-30 
	 CZ 1, 2, 4, 8-16 = R-38 CZ 3, 5-7 = R-30 

	 
	 
	CZ 1, 2, 4, 8-16 = R-38 
	CZ 3, 5-7 = R-30 

	CZ 5, 7 = R-19 CZ 1-4, 6, 8-16 = R-49 
	CZ 5, 7 = R-19 CZ 1-4, 6, 8-16 = R-49 
	 

	Existing 
	Existing 


	Non-Attic (Cathedral)  Ceilings and Roofs 
	Non-Attic (Cathedral)  Ceilings and Roofs 
	Non-Attic (Cathedral)  Ceilings and Roofs 

	R-22/U-0.043 
	R-22/U-0.043 

	R-22/U-0.043 
	R-22/U-0.043 

	Same as aboveR-38 
	Same as aboveR-38 

	R-19/U-0.054 
	R-19/U-0.054 

	Existing 
	Existing 


	Radiant Barrier 
	Radiant Barrier 
	Radiant Barrier 

	CZ 2-15 REQ 
	CZ 2-15 REQ 

	CZ 2-15 REQ CZ 1, 16 NR 
	CZ 2-15 REQ CZ 1, 16 NR 

	CZ 2, 3, 5-7 REQ 
	CZ 2, 3, 5-7 REQ 
	CZ 1, 4, 8-16 NR 

	NR 
	NR 

	Existing 
	Existing 




	Proposed Design Roof/Ceiling Types 
	Proposed Design Roof/Ceiling Types 
	Proposed Design Roof/Ceiling Types 
	Proposed Design Roof/Ceiling Types 
	Proposed Design Roof/Ceiling Types 

	Addition < 300 ft2 
	Addition < 300 ft2 

	Addition > 300 ft2 and < 700 ft 
	Addition > 300 ft2 and < 700 ft 

	Addition > 700 ft2 
	Addition > 700 ft2 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 



	TBody
	TR
	CZ 1, 16 NR 
	CZ 1, 16 NR 


	Roofing Surface 
	Roofing Surface 
	Roofing Surface 
	(Cool Roof) Steep-Sloped 

	NR 
	NR 

	CZ 10-15 =0.20 Reflectance, =0.75 Emittance 
	CZ 10-15 =0.20 Reflectance, =0.75 Emittance 

	CZ 10-15 =0.20 Reflectance, =0.75 Emittance 
	CZ 10-15 =0.20 Reflectance, =0.75 Emittance 

	CZ 4, 8-15  =0.20 Reflectance =0.75 Emittance 
	CZ 4, 8-15  =0.20 Reflectance =0.75 Emittance 

	Existing 
	Existing 


	Roofing Surface 
	Roofing Surface 
	Roofing Surface 
	(Cool Roof) Low-Sloped 

	NR 
	NR 

	CZ 13, 15 = 0.63 Reflectance, =0.75 Emittance 
	CZ 13, 15 = 0.63 Reflectance, =0.75 Emittance 

	CZ 13, 15 = 0.63 Reflectance, =0.75 Emittance 
	CZ 13, 15 = 0.63 Reflectance, =0.75 Emittance 

	CZ 4, 6-15  =0.63 Reflectance =0.75 Emittance 
	CZ 4, 6-15  =0.63 Reflectance =0.75 Emittance 

	Existing 
	Existing 


	Above Deck Insulation, Low-Sloped 
	Above Deck Insulation, Low-Sloped 
	Above Deck Insulation, Low-Sloped 

	NR 
	NR 

	NR 
	NR 

	NR 
	NR 

	CZ 1, 2, 4, 8-16 R-14 continuous 
	CZ 1, 2, 4, 8-16 R-14 continuous 

	Existing 
	Existing 




	Source: California Energy Commission 
	Exterior Walls and Doors 
	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 Section150.0[c]1 and Section150.2[a]1). 
	STANDARD DESIGN 
	The areas, orientation, and tilt of existing, new, and altered net exterior wall areas (with windows and doors subtracted) in an existing zone are the same in the existing and addition portions of standard design as in the proposed design. 
	For new framed and unframed walls of an addition or an existing zone, If the proposed wall area is framed, the gross exterior wall area (excluding knee walls) is equally divided among the four building orientations: front, left, back and right. The gross exterior wall area of any unframed walls is also equally divided among the four orientations in the standard design. 
	The standard design exterior wall construction assembly is based on the proposed design assembly type as shown in . Framed walls are modeled as 16-in. on center wood framing. The standard design for unaltered walls is the existing condition. 
	Table 27: Standard Design for Walls and DoorsTable 27: Standard Design for Walls and DoorsTable 28: Standard Design for Walls and Doors
	Table 27: Standard Design for Walls and DoorsTable 27: Standard Design for Walls and DoorsTable 28: Standard Design for Walls and Doors


	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 272728: Standard Design for Walls and Doors 
	Proposed Design Exterior Wall Assembly Type or Door 
	Proposed Design Exterior Wall Assembly Type or Door 
	Proposed Design Exterior Wall Assembly Type or Door 
	Proposed Design Exterior Wall Assembly Type or Door 
	Proposed Design Exterior Wall Assembly Type or Door 

	Addition 
	Addition 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 



	Framed & Non-Mass Exterior Walls   
	Framed & Non-Mass Exterior Walls   
	Framed & Non-Mass Exterior Walls   
	Framed & Non-Mass Exterior Walls   

	CZ 1-5, 8-16 = R-21+R-5 in 2x6 (U0.048) 
	CZ 1-5, 8-16 = R-21+R-5 in 2x6 (U0.048) 
	CZ 6-7 = R-15+R-4 in 2x4 (U-0.065) 

	R-153 in 2x4 
	R-153 in 2x4 
	R-210 in 2x6 

	Existing 
	Existing 


	Wood framed existing walls where siding is not removed, or an 
	Wood framed existing walls where siding is not removed, or an 
	Wood framed existing walls where siding is not removed, or an 
	extension of an existing wall 

	R-15 in 2x4 
	R-15 in 2x4 
	R-21 in 2x6 

	R-153 in 2x4 
	R-153 in 2x4 
	R-210 in 2x6 
	 
	 

	Existing 
	Existing 


	Framed Wall Adjacent to Unconditioned  (e.g., Demising or Garage Wall) 
	Framed Wall Adjacent to Unconditioned  (e.g., Demising or Garage Wall) 
	Framed Wall Adjacent to Unconditioned  (e.g., Demising or Garage Wall) 

	R-15 in 2x4 
	R-15 in 2x4 
	R-21 in 2x6 

	R-153 in 2x4 
	R-153 in 2x4 
	R-210 in 2x6 

	Existing 
	Existing 


	Above Grade Mass Interior Insulated 
	Above Grade Mass Interior Insulated 
	Above Grade Mass Interior Insulated 

	CZ 1-15 = R-13 (0.077) 
	CZ 1-15 = R-13 (0.077) 
	CZ 16 = R-17 (0.059) 

	N/R Mandatory requirements have no insulation for mass walls 
	N/R Mandatory requirements have no insulation for mass walls 

	Existing 
	Existing 


	Below Grade Mass Interior Insulation 
	Below Grade Mass Interior Insulation 
	Below Grade Mass Interior Insulation 

	CZ 1-15 = R-13 (0.077) 
	CZ 1-15 = R-13 (0.077) 
	CZ 16 = R-15 (0.067) 

	N/R Mandatory requirements have no 
	N/R Mandatory requirements have no 

	Existing 
	Existing 




	Proposed Design Exterior Wall Assembly Type or Door 
	Proposed Design Exterior Wall Assembly Type or Door 
	Proposed Design Exterior Wall Assembly Type or Door 
	Proposed Design Exterior Wall Assembly Type or Door 
	Proposed Design Exterior Wall Assembly Type or Door 

	Addition 
	Addition 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 



	TBody
	TR
	insulation for mass walls 
	insulation for mass walls 


	Swinging Doors 
	Swinging Doors 
	Swinging Doors 

	0.20 
	0.20 

	0.20 
	0.20 

	Existing 
	Existing 




	Source: California Energy Commission 
	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 Section150.2(b)1.B 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. Add
	STANDARD DESIGN 
	Standard design fenestration U-factor and SHGC are based on the scope of the project (addition vs. alteration), and for additions, the square footage is taken into consideration as well, as shown in . Vertical glazing includes all fenestration in exterior walls such as windows, clerestories, and glazed doors. Skylights include all glazed openings in roofs and ceilings. 
	Table 28: Standard Design for Fenestration (in Walls and Roofs)
	Table 28: Standard Design for Fenestration (in Walls and Roofs)

	Table 29: Standard Design for Fenestration (in Walls and Roofs)
	Table 29: Standard Design for Fenestration (in Walls and Roofs)


	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 design is set for fenestration areas and orientations as shown in : 
	Table 28: Standard Design for Fenestration (in Walls and Roofs)Table 27: Standard Design for Fenestration (in Walls and Roofs)
	Table 28: Standard Design for Fenestration (in Walls and Roofs)Table 27: Standard Design for Fenestration (in Walls and Roofs)

	Table 29: Standard Design for Fenestration (in Walls and Roofs)
	Table 29: Standard Design for Fenestration (in Walls and Roofs)


	 
	 
	 
	 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 the addition, new fenestration is divided equally among the four project compass points similar to new gross wall areas in the addition described above. 
	 
	 
	 
	 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 percentage of fenestration allowed in the addition based on the conditioned floor area of the addition. 
	Table 282829: Standard Design for Fenestration (in Walls and Roofs) 
	Proposed Design Fenestration Type 
	Proposed Design Fenestration Type 
	Proposed Design Fenestration Type 
	Proposed Design Fenestration Type 
	Proposed Design Fenestration Type 

	Addition < 400 ft2 
	Addition < 400 ft2 

	Addition > 400 and < 700 ft2 
	Addition > 400 and < 700 ft2 

	Addition > 700 ft2 
	Addition > 700 ft2 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 



	Vertical Glazing: Area and Orientation 
	Vertical Glazing: Area and Orientation 
	Vertical Glazing: Area and Orientation 
	Vertical Glazing: Area and Orientation 

	75 ft2 or 30% 
	75 ft2 or 30% 

	120 ft2 or 25% 
	120 ft2 or 25% 

	175 ft2 or 20% 
	175 ft2 or 20% 

	See full description below. 
	See full description below. 

	Existing 
	Existing 


	West-Facing Maximum Allowed  
	West-Facing Maximum Allowed  
	West-Facing Maximum Allowed  

	CZ 2, 4, 6 -15=60 ft2 
	CZ 2, 4, 6 -15=60 ft2 

	CZ 2, 4, 6 -15=60 ft2 
	CZ 2, 4, 6 -15=60 ft2 

	CZ 2, 4, 6 -15=70 ft2 or 5% 
	CZ 2, 4, 6 -15=70 ft2 or 5% 

	NR 
	NR 

	NR 
	NR 


	Vertical Glazing:  U-Factor 
	Vertical Glazing:  U-Factor 
	Vertical Glazing:  U-Factor 

	CZ 1-54, 11-14, 16 = 0.2730 
	CZ 1-54, 11-14, 16 = 0.2730 
	CZ 65-10, 15 = 0.30 

	0.30 CZ 1-54, 11-14, 16 = 0.27 
	0.30 CZ 1-54, 11-14, 16 = 0.27 
	CZ 65-10, 15 = 0.30 

	0.30 CZ 1-5, 11-14, 16 = 0.2730 
	0.30 CZ 1-5, 11-14, 16 = 0.2730 
	CZ 6-10, 15 = 0.3027 

	0.2740 
	0.2740 

	See belowExisting 
	See belowExisting 


	Vertical Glazing: SHGC 
	Vertical Glazing: SHGC 
	Vertical Glazing: SHGC 

	CZ 2, 4, 6-145=0.23  
	CZ 2, 4, 6-145=0.23  
	CZ 15=0.20 
	CZ 1,3, 5 & 16=0.35 

	CZ 2, 4, 6-145=0.23 
	CZ 2, 4, 6-145=0.23 
	CZ 15=0.20 
	 CZ 1,3, 5 & 16=0.35 

	CZ 2, 4, 6-15=0.23  CZ 1,3, 5 & 16=0.35 
	CZ 2, 4, 6-15=0.23  CZ 1,3, 5 & 16=0.35 

	CZ 2, 4, 6-15=0.350.23 
	CZ 2, 4, 6-15=0.350.23 
	 CZ 1,3, 5 & 16=0.35 

	Existing 
	Existing 


	Skylight:  Area and Orientation 
	Skylight:  Area and Orientation 
	Skylight:  Area and Orientation 

	No skylight area in the standard design 
	No skylight area in the standard design 

	No skylight area in the standard design 
	No skylight area in the standard design 

	No skylight area in the standard design 
	No skylight area in the standard design 

	NR 
	NR 

	Existing 
	Existing 


	Skylight: U-Factor  
	Skylight: U-Factor  
	Skylight: U-Factor  

	0.30  
	0.30  

	0.30 
	0.30 

	0.30 
	0.30 

	0.55 
	0.55 

	Existing 
	Existing 


	Skylight: SHGC 
	Skylight: SHGC 
	Skylight: SHGC 

	CZ 2, 4, 6 -145=0.23  
	CZ 2, 4, 6 -145=0.23  
	CZ 15=0.20 

	CZ 2, 4, 6 -145=0.23  
	CZ 2, 4, 6 -145=0.23  

	CZ 2, 4, 6 -145=0.23  
	CZ 2, 4, 6 -145=0.23  

	CZ 2, 4, 6 -15=0.30  
	CZ 2, 4, 6 -15=0.30  

	Existing 
	Existing 




	Proposed Design Fenestration Type 
	Proposed Design Fenestration Type 
	Proposed Design Fenestration Type 
	Proposed Design Fenestration Type 
	Proposed Design Fenestration Type 

	Addition < 400 ft2 
	Addition < 400 ft2 

	Addition > 400 and < 700 ft2 
	Addition > 400 and < 700 ft2 

	Addition > 700 ft2 
	Addition > 700 ft2 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 



	TBody
	TR
	CZ 1,3 5 & 16=0.35 
	CZ 1,3 5 & 16=0.35 

	CZ 15=0.20 CZ 1,3 5 & 16=0.35 
	CZ 15=0.20 CZ 1,3 5 & 16=0.35 

	CZ 15=0.20 CZ 1,3 5 & 16=0.35 
	CZ 15=0.20 CZ 1,3 5 & 16=0.35 

	CZ 1,3 5 & 16=0.35 
	CZ 1,3 5 & 16=0.35 




	Source: California Energy Commission 
	Overhangs, Sidefins, and Other Exterior Shading 
	STANDARD DESIGN 
	The standard design for a proposed building with overhangs, sidefins, and exterior shades is shown in . Exterior shading (limited to bug screens) is treated differently than fixed overhangs and sidefins, as explained in . 
	Table 29: Standard Design for Overhangs, Sidefins, and Other Exterior ShadingTable 29: Standard Design for Overhangs, Sidefins, and Other Exterior ShadingTable 30: Standard Design for Overhangs, Sidefins, and Other Exterior Shading
	Table 29: Standard Design for Overhangs, Sidefins, and Other Exterior ShadingTable 29: Standard Design for Overhangs, Sidefins, and Other Exterior ShadingTable 30: Standard Design for Overhangs, Sidefins, and Other Exterior Shading

	Section 2.5.6.9 Exterior Shading
	Section 2.5.6.9 Exterior Shading


	Table 292930: Standard Design for Overhangs, Sidefins, and Other Exterior Shading 
	Proposed Design Shading Type 
	Proposed Design Shading Type 
	Proposed Design Shading Type 
	Proposed Design Shading Type 
	Proposed Design Shading Type 

	Addition 
	Addition 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 



	Overhangs and Sidefins 
	Overhangs and Sidefins 
	Overhangs and Sidefins 
	Overhangs and Sidefins 

	No overhangs or sidefins 
	No overhangs or sidefins 

	Proposed altered condition 
	Proposed altered condition 

	Same as altered 
	Same as altered 


	Exterior Shading 
	Exterior Shading 
	Exterior Shading 

	Standard (bug screens on fenestration, none on skylights) 
	Standard (bug screens on fenestration, none on skylights) 

	Proposed altered condition  
	Proposed altered condition  

	Existing exterior shading 
	Existing exterior shading 


	Window Film 
	Window Film 
	Window Film 

	No window film 
	No window film 

	Proposed altered condition 
	Proposed altered condition 

	Existing exterior shading 
	Existing exterior shading 




	Source: California Energy Commission 
	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. 
	Floors 
	STANDARD DESIGN 
	Table 150.2-C requires that the standard design be based on the mandatory requirements from Section150.0(d). The standard design for floors is shown in . 
	Table 30: Standard Designs for FloorsTable 30: Standard Designs for FloorsTable 31: Standard Designs for Floors
	Table 30: Standard Designs for FloorsTable 30: Standard Designs for FloorsTable 31: Standard Designs for Floors


	Table 303031: Standard Designs for Floors 
	Proposed Design  Floor Type 
	Proposed Design  Floor Type 
	Proposed Design  Floor Type 
	Proposed Design  Floor Type 
	Proposed Design  Floor Type 

	Addition 
	Addition 

	Altered (mandatory) 
	Altered (mandatory) 

	Verified Altered 
	Verified Altered 



	Raised Floor  Over Crawl Space  or Over Exterior 
	Raised Floor  Over Crawl Space  or Over Exterior 
	Raised Floor  Over Crawl Space  or Over Exterior 
	Raised Floor  Over Crawl Space  or Over Exterior 

	R-19 in 2x6 16” o.c. wood framing 
	R-19 in 2x6 16” o.c. wood framing 

	R-19 in 2x6 16” o.c. wood framing 
	R-19 in 2x6 16” o.c. wood framing 

	If proposed U < 0.037, standard design = existing raised; if proposed U > 0.037, standard design = 0.037 
	If proposed U < 0.037, standard design = existing raised; if proposed U > 0.037, standard design = 0.037 


	Slab-on-Grade: Unheated 
	Slab-on-Grade: Unheated 
	Slab-on-Grade: Unheated 

	CZ1
	CZ1
	CZ1
	-
	15: R
	-
	0
	 

	CZ16: R
	CZ16: R
	-
	7 16” 
	vertical
	 


	R-0 
	R-0 

	Existing unheated slab-on-grade 
	Existing unheated slab-on-grade 


	Slab-on-Grade: Heated 
	Slab-on-Grade: Heated 
	Slab-on-Grade: Heated 

	CZ1
	CZ1
	CZ1
	-
	15: R
	-
	5 16” 
	vertical
	 

	CZ 16: R
	CZ 16: R
	-
	10 16” 
	vertical
	 


	CZ1
	CZ1
	CZ1
	-
	15: R
	-
	5 16” 
	vertical
	 

	CZ 16: R
	CZ 16: R
	-
	10 16” 
	vertical
	 


	Existing heated slab-on-grade 
	Existing heated slab-on-grade 


	Raised Concrete Slab 
	Raised Concrete Slab 
	Raised Concrete Slab 

	CZ1,2,11,13,14,16: R-8 CZ3-10: R-0 CZ12,15: R-4 
	CZ1,2,11,13,14,16: R-8 CZ3-10: R-0 CZ12,15: R-4 

	R-0 
	R-0 

	Existing raised concrete slab 
	Existing raised concrete slab 




	Source: California Energy Commission 
	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  Section 2.5.4.1 Internal Thermal Mass. 
	2.5.4
	2.5.4

	Internal Thermal Mass
	Internal Thermal Mass


	Air Leakage and Infiltration 
	STANDARD DESIGN 
	Standard design air leakage and infiltration are shown in . 
	Table 31: Standard Design for Air Leakage and InfiltrationTable 31: Standard Design for Air Leakage and InfiltrationTable 32: Standard Design for Air Leakage and Infiltration
	Table 31: Standard Design for Air Leakage and InfiltrationTable 31: Standard Design for Air Leakage and InfiltrationTable 32: Standard Design for Air Leakage and Infiltration


	Table 313132: Standard Design for Air Leakage and Infiltration 
	Proposed Air Leakage and Infiltration 
	Proposed Air Leakage and Infiltration 
	Proposed Air Leakage and Infiltration 
	Proposed Air Leakage and Infiltration 
	Proposed Air Leakage and Infiltration 

	Addition 
	Addition 

	Altered 
	Altered 
	 

	Verified Altered 
	Verified Altered 



	Single-Family Residential Buildings 
	Single-Family Residential Buildings 
	Single-Family Residential Buildings 
	Single-Family Residential Buildings 

	5 ACH50 
	5 ACH50 

	5 ACH50 
	5 ACH50 

	Diagnostic testing of existing ACH50 value by HERSECC Rater  
	Diagnostic testing of existing ACH50 value by HERSECC Rater  




	Source: California Energy Commission 
	Space Conditioning System 
	STANDARD DESIGN 
	The standard design for space-conditioning systems is shown in . 
	Table 32: Standard Design for Space-Conditioning SystemsTable 32: Standard Design for Space-Conditioning SystemsTable 33: Standard Design for Space Conditioning Systems
	Table 32: Standard Design for Space-Conditioning SystemsTable 32: Standard Design for Space-Conditioning SystemsTable 33: Standard Design for Space Conditioning Systems


	When cooling ventilation (whole-house fan) is required by Section150.1 and Section150.2, the capacity is 1.5 CFM/ft2 of conditioned floor area for the entire dwelling unit. 
	When compliance with IAQ requirements of Section150.0(o) apply to an addition with greater than 1,000 ft2 added, the conditioned floor area of the entire dwelling unit is used to determine the required ventilation airflow. For additions with 1,000 ft2 or less of added conditioned floor area, no IAQ requirements shall apply. 
	Table 323233: Standard Design for Space-Conditioning Systems 
	Proposed Design Space-Conditioning System Type 
	Proposed Design Space-Conditioning System Type 
	Proposed Design Space-Conditioning System Type 
	Proposed Design Space-Conditioning System Type 
	Proposed Design Space-Conditioning System Type 

	Addition 
	Addition 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 



	Heating System  
	Heating System  
	Heating System  
	Heating System  
	Efficiency 

	See   Section 2.10.4 Addition-Alone Approach and 2015 Federal Appliance Standards based on fuel source and equipment type 
	See   Section 2.10.4 Addition-Alone Approach and 2015 Federal Appliance Standards based on fuel source and equipment type 
	2.10.4
	2.10.4

	Addition-Alone Approach
	Addition-Alone Approach



	Existing Proposed heating fuel type and equipment type/efficiency. If the existing equipment is electric resistance and none of the exceptions to Section150.2(b)1G are met, the 
	Existing Proposed heating fuel type and equipment type/efficiency. If the existing equipment is electric resistance and none of the exceptions to Section150.2(b)1G are met, the 

	Same as altered. 
	Same as altered. 




	Proposed Design Space-Conditioning System Type 
	Proposed Design Space-Conditioning System Type 
	Proposed Design Space-Conditioning System Type 
	Proposed Design Space-Conditioning System Type 
	Proposed Design Space-Conditioning System Type 

	Addition 
	Addition 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 
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	Standard Design system shall be a heat pump meeting the requirements of  Section 2.10.4 Addition-Alone Approach. 
	Standard Design system shall be a heat pump meeting the requirements of  Section 2.10.4 Addition-Alone Approach. 
	2.10.4
	2.10.4

	Addition-Alone Approach
	Addition-Alone Approach




	Cooling System  
	Cooling System  
	Cooling System  
	Efficiency 

	See  Section 2.10.4 Addition-Alone Approach and 2015 Federal Appliance Standards based on fuel source and equipment type 
	See  Section 2.10.4 Addition-Alone Approach and 2015 Federal Appliance Standards based on fuel source and equipment type 
	2.10.4
	2.10.4

	Addition-Alone Approach
	Addition-Alone Approach



	Same as Addition 
	Same as Addition 

	Existing cooling equipment type/efficiency 
	Existing cooling equipment type/efficiency 


	Refrigerant Charge 
	Refrigerant Charge 
	Refrigerant Charge 

	CZ 2, 8-15: Yes, unless the addition is 500 ft2 or less CZ 1, 3-7: No 
	CZ 2, 8-15: Yes, unless the addition is 500 ft2 or less CZ 1, 3-7: No 

	Same as AdditionYes 
	Same as AdditionYes 

	Existing 
	Existing 


	Whole-House Fan (WHF) applies only if addition > 1,000 ft2 
	Whole-House Fan (WHF) applies only if addition > 1,000 ft2 
	Whole-House Fan (WHF) applies only if addition > 1,000 ft2 

	CZ 8-14; 1.5 CFM/ft2 
	CZ 8-14; 1.5 CFM/ft2 

	N/A 
	N/A 

	Existing condition. To count as Existing, the WHF must be > 1.5 CFM/ft2 and be CEC-rated 
	Existing condition. To count as Existing, the WHF must be > 1.5 CFM/ft2 and be CEC-rated 


	Indoor Air Quality applies only if addition > 1,000 ft2 or if addition is a dwelling unit 
	Indoor Air Quality applies only if addition > 1,000 ft2 or if addition is a dwelling unit 
	Indoor Air Quality applies only if addition > 1,000 ft2 or if addition is a dwelling unit 

	Meet mandatory ventilation for entire dwelling  
	Meet mandatory ventilation for entire dwelling  

	Same as Addition 
	Same as Addition 

	Existing 
	Existing 




	Source: California Energy Commission 
	Duct System 
	PROPOSED DESIGN 
	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. 
	STANDARD DESIGN 
	Table 333334: Standard Design for Duct Systems 
	Proposed Design Duct System Type 
	Proposed Design Duct System Type 
	Proposed Design Duct System Type 
	Proposed Design Duct System Type 
	Proposed Design Duct System Type 

	No Verification of Existing Conditions 
	No Verification of Existing Conditions 

	Verified Existing Conditions 
	Verified Existing Conditions 



	Altered or Extended Ducts >25 ft 
	Altered or Extended Ducts >25 ft 
	Altered or Extended Ducts >25 ft 
	Altered or Extended Ducts >25 ft 

	CZ 1-2, 4, 8-16: Duct insulation R-8 and total leakage of 10% 
	CZ 1-2, 4, 8-16: Duct insulation R-8 and total leakage of 10% 
	CZ 3, 5-7: Duct insulation R-6 and total leakage of 10% 

	Existing duct R-value and total leakage the lesser of 30% or the existing leakage rate 
	Existing duct R-value and total leakage the lesser of 30% or the existing leakage rate 


	New Ducts 
	New Ducts 
	New Ducts 

	CZ 1-2, 4, 8-16: Duct insulation R-8 and total leakage of 7%  
	CZ 1-2, 4, 8-16: Duct insulation R-8 and total leakage of 7%  
	CZ 3, 5-7: Duct insulation R-6 and total leakage of 7% 

	N/A 
	N/A 




	Based on Table 150.2-A  
	Note 1: Refer to Section150.2(b)1Diia for definition of an “Entirely New or Complete Replacement Duct System.” 
	Source: California Energy Commission 
	Water Heating System 
	STANDARD DESIGN 
	Table 343435: Standard Design for Water Heater Systems 
	Proposed Design Water Heating System Type 
	Proposed Design Water Heating System Type 
	Proposed Design Water Heating System Type 
	Proposed Design Water Heating System Type 
	Proposed Design Water Heating System Type 

	Addition (adding water heater) 
	Addition (adding water heater) 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 



	Single-Family Residential Buildings 
	Single-Family Residential Buildings 
	Single-Family Residential Buildings 
	Single-Family Residential Buildings 

	Prescriptive water heating system per as specified by  Section 
	Prescriptive water heating system per as specified by  Section 
	2.10.4
	2.10.4



	Proposed fuel type (heat pump water heater if electric), proposed tank type, 
	Proposed fuel type (heat pump water heater if electric), proposed tank type, 

	Existing water heater type(s), efficiency, distribution system. 
	Existing water heater type(s), efficiency, distribution system. 




	Proposed Design Water Heating System Type 
	Proposed Design Water Heating System Type 
	Proposed Design Water Heating System Type 
	Proposed Design Water Heating System Type 
	Proposed Design Water Heating System Type 

	Addition (adding water heater) 
	Addition (adding water heater) 

	Altered 
	Altered 

	Verified Altered 
	Verified Altered 
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	2.10.4 Addition-Alone Approach 
	2.10.4 Addition-Alone Approach 
	Addition-Alone Approach
	Addition-Alone Approach



	mandatory requirements with no solar 
	mandatory requirements with no solar 




	Source: California Energy Commission 
	2.11 Documentation 
	The 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 CF1R when generated using the report manager. 
	See public domain software user guide or vendor software guide for detailed modeling guidelines. 
	3 Energy Design Rating Details 
	The EDR is an alternate way to express the energy performance of a home using a scoring system where 100 represents the energy performance of a reference design building meeting the envelope requirements of the 2006 IECC. The EDR is similar to the energy rating index in the 2015 IECC and the 2014 RESNET standard. Combining high levels of energy efficiency with generating renewable energy, a score of zero or less can be achieved. 
	Buildings complying with the current Energy Code are more efficient than the 2006 IECC, so most newly constructed buildings will have EDR scores below 100. Buildings with renewable generation like PV can achieve a negative score. If EDRs were calculated for an older, inefficient home, the score would likely be well over 100. 
	There are two EDRs used to evaluate single-family residential buildings. EDR1 is based on source energy, and the proposed design EDR1 must be equal to or less than the standard design EDR1. EDR2 is based on TDV energy and has two components that must be met for compliance. The EDR2 score of proposed efficiency must be equal to or less than the EDR2 score of the standard efficiency, and the total proposed EDR2 score must be equal to or less than the total standard design EDR2.  
	3.12.12 CALGreen 
	The software can calculate an EDR1 and EDR2LSC and Source Energy results as required in the CALGreen energy provisionsCalifornia Green Building Standards (CALGreen, (Title 24, Part 11). The EDR1 and EDR2LSC and Source implementation applies only to newly constructed single-family residential buildings. 
	 





