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Executive Summary

This is a draft report. the Statewide CASE Team encourages readers to provide
comments on the proposed code changes and the analyses presented in this draft
report. When possible, provide supporting data and justifications in addition to
comments. Suggested revisions will be considered when refining proposals and
analyses. The Final CASE Report will be submitted to the California Energy
Commission in July 2020.

Email comments and suggestions to info@title24stakeholders.com by Friday June 12,
2020. Comments will not be released for public review or will be anonymized if shared
with stakeholders.

Introduction

The Codes and Standards Enhancement (CASE) Initiative presents recommendations
to support the California Energy Commission’s (Energy Commission) efforts to update
the California Energy Efficiency Building Standards (Title 24, Part 6) to include new
requirements or to upgrade existing requirements for various technologies. Three
California Investor Owned Utilities (IOUs) — Pacific Gas and Electric Company, San
Diego Gas and Electric, and Southern California Edison — and two Publicly Owned
Utilities — Sacramento Municipal Utility District and Los Angeles Department of Water
and Power (herein referred to as the Statewide CASE Team when including the CASE
Author) — sponsored this effort. The program goal is to prepare and submit proposals
that would result in cost-effective enhancements to improve energy efficiency and
energy performance in California buildings. This report and the code change proposals
presented herein are a part of the effort to develop technical and cost-effectiveness
information for proposed requirements on building energy-efficient design practices and
technologies.

The Statewide CASE Team submits code change proposals to the Energy Commission,
the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy
Commission will evaluate proposals submitted by the Statewide CASE Team and other
stakeholders. The Energy Commission may revise or reject proposals. See the Energy
Commission’s 2022 Building Energy Efficiency Standards website for information about
the rulemaking schedule and how to participate in the process:
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-
standards/2022-building-energy-efficiency.

The overall goal of this CASE Report is to present code change proposals for
alterations and additions in residential buildings. The report contains pertinent
information supporting the code change.
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Measure Description

Background Information

By 2023 it is estimated that there will be over 13 million existing residential dwelling
units in California (California Energy Commission 2019a). Almost 60 percent of these
were built before the California Energy Code went into effect in 1978. The Energy
Commission estimates that over the course of the 2023 code cycle, about 125,000 new
dwelling units will be built each year. New construction has been the focus of recent
Title 24, Part 6 code updates; however, existing buildings represent a significant
savings opportunity and one that must be addressed in order to respond to statewide
goals. Assembly Bill 3232, signed by Governor Brown in 2018, requires the Energy
Commission to identify policies that reduces greenhouse gas emissions from the
existing building stock by 40 percent below 1990 levels by 2030.

Proposed Code Change

The code change proposals impact residential alterations and additions. They were
originally developed based on the low-rise residential code, Section 150.2 of Title 24,
Part 6, and have since been expanded to cover single family and all multifamily
buildings. Most of the proposals revise prescriptive requirements in the California
Energy Code. There are also proposals that add compliance options for alterations. The
proposed submeasures are described below.

e Expand the climate zones where cool roofs are required for steep-slope and low-
slope roof replacements.

e Add a roof deck insulation requirement for low-slope roofs at time of roof
replacement in certain climate zones.

e Prohibit electric resistance space heating and water heating replacement
equipment under certain conditions in most climate zones.

e Reduce the duct sealing target for altered duct and space conditioning systems
in all climate zones for single family buildings.

¢ Increase the prescriptive duct insulation requirements in certain climate zones.

e Reduce the 40-foot trigger for prescriptive duct sealing and insulation
requirements in all climate zones for systems serving existing zones and
eliminate the trigger for systems serving additions.

e Add a prescriptive requirement for attic sealing and insulation for altered ceilings
and when an entirely new or complete replacement duct system is installed in
certain climate zones.

e Increase prescriptive attic insulation requirements for additions of 700 square
feet or less in certain climate zones.
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e Add three compliance options for alterations: revised blower door/air infiltration
credit, fireplace removal credit, and quality insulation installation for alterations

credit.

Scope of Code Change Proposal

Table 1 summarizes the scope of the proposed changes and which sections of
Standards, Reference Appendices, Alternative Calculation Method (ACM) Reference
Manual, and compliance documents that would be modified as a result of the proposed

change(s).

Table 1: Scope of Code Change Proposal

Measure
Name

Cool roof for
steep-slope
roofs

Cool roof for
low-slope
roof

Roof deck
insulation for
low-slope
roofs

Electric
resistance
space
heating

Electric
resistance
water
heating

Type of
Requirement

Prescriptive

Prescriptive

Prescriptive

Prescriptive

Prescriptive

Modified
Section(s)
of Title 24,

Part 6

150.2(b)1li

150.2(b)1lii

150.2(b)1lii

150.2(b)1C
150.2(b)1G

150.2(b) 1 Hiii

Modified
Title 24,
Part 6
Appendices

N/A

N/A

N/A

N/A

N/A

Would
Compliance
Software Be

Modified
(Revised ACM
Reference
Manual
Sections)

Yes
(2.10.4.3)

Yes
(2.10.4.3)

Yes
(2.10.4.3)

Yes
(2.10.4.8)

Yes
(2.10.4.10)

Modified
Compliance
Document(s)

CF1R-ALT-
01-E
CF1R-ALT-
05-E
CF1R-ALT-
01-E
CF1R-ALT-
05-E
CF1R-ALT-
01-E
CF1R-ALT-
05-E CF2R-
ALT-05-E
CF2R-ENV-
04-E

CF1R-ALT-
02-E

CF1R-ALT-
05-E
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Measure
Name

Prescriptive
duct sealing

Prescriptive
duct
insulation

40-ft trigger
for
prescriptive
duct
requirements

Prescriptive
attic
insulation for
alterations

Prescriptive
attic
insulation for
additions

Compliance
options for
alterations

Type of

Requirement

Prescriptive

Prescriptive

Prescriptive

Prescriptive

Prescriptive

Compliance
Option

Modified
Section(s)
of Title 24,

Part 6

150.2(b)1D
150.2(b)1E

150.2(b)1D

150.2(a)
150.2(b)1D

110.8(d)1
150.2(b)1A
(new
section)
150.2(b)1D

150.2(a)1B

N/A

Modified
Title 24,
Part 6

Appendices

RA3.1.4.2

N/A

N/A

N/A

N/A

RA3
RA4

Would
Compliance
Software Be

Modified
(Revised ACM
Reference
Manual
Sections)
Yes
(2.10.4.9)

Yes
(2.10.4.9)

Yes
(2.10.4.9)

Yes
(2.10.4.3)

Yes
(2.10.4.3)

Yes
(2.10.4.1)
(2.10.4.7)

Modified
Compliance

Document(s)

N/A

N/A

CF1R-ALT-
02-E
CF2R-MCH-
01-H

CF1R-ALT-
05-E
CF1R-ALT-
02-E
CF2R-ALT-
05-E
CF2R-ENV-
03-E

N/A

CF2R-ENV-
03-E
CF2R-ENV-
21-H
CF2R-ENV-
22-H
CF3R-ENV-
21-H
CF3R-ENV-
22-H
CF3R-EXH-
20-H
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Market Analysis and Regulatory Assessment

The Statewide CASE Team performed a market analysis with the goals of identifying
current technology availability, current product availability, market trends, and how the
standard would affect individual market actors. Information was gathered about the
incremental cost of complying with the proposed measure. Estimates of market size and
measure applicability were identified through research and outreach with stakeholders
including utility program staff, Energy Commission staff, and a wide range of industry
actors including roofing contractors, roofing industry representatives, manufacturers,
and consultant. In addition to conducting personalized outreach, the Statewide CASE
Team discussed the current market structure and potential market barriers during public
stakeholder meetings that the Statewide CASE Team held on November 12, 2019 (
(Statewide CASE Team 2019a), (Statewide CASE Team 2019b), (Statewide CASE
Team 2019c)) and March 5, 2020 ( (Statewide CASE Team 2020a), (Statewide CASE
Team 2020b), (Statewide CASE Team 2020c)).

Cost Effectiveness

The proposed prescriptive code changes were found to be cost effective for all climate
zones where it would be required. The benefit-to-cost (B/C) ratio compares the benefits
or cost savings to the costs over the 30-year period of analysis. Proposed code changes
that have a B/C ratio of 1.0 or greater are cost-effective. The larger the B/C ratio, the
faster the measure pays for itself from energy cost savings. The B/C ratio for all the
submeasures covered a broad range, from just cost effective with a B/C ratio just over
1.0 to a B/C ratio greater than 17. See Sections 2.4, 3.4, 4.4, and 5.4 for the
methodology, assumptions, and results of the cost-effectiveness analysis.

Statewide Energy Impacts: Energy, Water, and Greenhouse Gas (GHG)
Emissions Impacts

Table 2 presents the estimated energy and demand impacts of the proposed code
change that would be realized statewide during the first 12 months that the 2022 Title
24, Part 6 requirements are in effect. First-year statewide energy impacts are
represented by the following metrics: electricity savings in gigawatt-hours per year
(GWhlyr), peak electrical demand reduction in megawatts (MW), natural gas savings in
million therms per year (million therms/yr), and time dependent valuation (TDV) energy
savings in kilo British thermal units per year (TDV kBtu/yr). See Sections 2.5, 3.5, 4.5,
and 5.5 for more details on the first-year statewide impacts calculated by the Statewide
CASE Team. Sections 2.3, 3.3, 4.3, and 5.3 contain details on the per-unit energy
savings calculated by the Statewide CASE Team.

The compliance options submeasures do not modify the stringency of the California
Energy Code and therefore do not have energy savings
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Table 2: First-Year Statewide Energy and Impacts

Measure

Cool roof for steep-
slope roofs

Cool roof for low-slope
roof

Roof deck insulation for
low-slope roofs

Electric resistance
space heating
Electric resistance
water heating

Prescriptive duct
sealing

Prescriptive duct
insulation

Prescriptive attic
insulation for alterations

Prescriptive attic
insulation for additions

Electricity
Savings
(GWhlyr)

10.0
62.0
82.8
9.3
61.5
3.8
0.2
9.0

0.02

Peak Natural Gas
Electrical . TDV Energy
Savings -
Demand L Savings
Reduction (m'"l'°" (TDV kBtulyr)
(MW) ermsl/yr)

6.19 -0.04 534.3
35.28 -2.13 1,718.3
25.03 3.74 4,847 1

0.07 - 282.0

6.54 - 1,589.3

2.32 0.26 319.8

0.13 0.01 17.5

4.1 0.50 573.1

0.01 0.001 1.7

Table 3 presents the estimated avoided GHG emissions associated with the proposed
code change for the first year the standards are in effect. Avoided GHG emissions are
measured in metric tons of carbon dioxide equivalent (Metric TonnesCO2e).
Assumptions used in developing the GHG savings are provided in Sections 2.5.2, 3.5.2,
4.5.2, 5.5.2 and Appendix D of this report. The monetary value of avoided GHG
emissions is included in TDV cost factors and is thus included in the cost-

effectiveness analysis.

Table 3: First-Year Statewide GHG Emissions Impacts

Measure

Cool roof for steep-slope roofs
Cool roof for low-slope roof

Roof deck insulation for low-slope roofs

Avoided GHG  Monetary Value of
Emissions Avoided GHG
(Metric Emissions
TonnesCO2elyr) ($2023)
2,163 $64,892

3,307 $99,220

40,323 $1,209,675
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Measure

Electric resistance space heating
Electric resistance water heating
Prescriptive duct sealing
Prescriptive duct insulation
Prescriptive attic insulation for alterations
Prescriptive attic insulation for additions
Total

Water and Water Quality Impacts

Avoided GHG
Emissions

(Metric
TonnesCO2elyr)

2,229
14,773
2,311
109
4,906
9
70,130

Monetary Value of
Avoided GHG
Emissions

($2023)
$66,876
$443,183
$69,332
$3,258
$147,175
$284
$2,103,895

The proposed measure is not expected to have any impacts on water use or water
quality, excluding impacts that occur at power plants.

Compliance and Enforcement

Overview of Compliance Process

The Statewide CASE Team worked with stakeholders to develop a recommended
compliance and enforcement process and to identify the impacts this process would
have on various market actors. The compliance process is described in the Compliance
and Enforcement Sections. Impacts that the proposed measure would have on market
actors is described in the Market Impacts and Economic Assessments Sections and
Appendix F. The key issues related to compliance and enforcement are summarized

below:

e Roof insulation for low-slope roofs at time of roof replacement is a new
requirement for low-rise residential buildings. The documentation and
inspections required for roof replacements vary widely jurisdiction to jurisdiction,
which could result in inconsistencies in implementation. The code change
proposal includes several detailed exceptions; when a project applies for an
exception it's important that there is verification that the project qualifies.
However, this would be an additional requirement on the building department

which may be challenging based on available resources.

e With increased stringency in code requirements there is always concern that
this may result in some alteration projects proceeding without applying for a
permit. These code changes should be accompanied by education and
outreach programs targeted at contractors, building departments, and building
owners. Utility incentive programs throughout the 2019 Title 24, Part 6 code
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cycle, and perhaps into the 2022 code cycle as well, can encourage early
adopters and support a market transformation for improving existing homes.
Local reach codes can also play a similar role.

Field Verification and Diagnostic Testing

Field verification and testing by a HERS rater is required for air sealing component of
the attic insulation for alterations submeasure, the prescriptive duct sealing submeasure
and the performance approach compliance options. HERS verification of existing
conditions is also required if one of the existing insulation R-value exceptions is used for
the attic insulation for alterations submeasure. All other proposed measures rely on the
building department permit review and onsite inspections to confirm compliance.
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1.Introduction

This is a draft report. The Statewide CASE Team encourages readers to provide
comments on the proposed code changes and the analyses presented in this draft
report. When possible, provide supporting data and justifications in addition to
comments. Suggested revisions will be considered when refining proposals and
analyses. The Final CASE Report will be submitted to the California Energy
Commission in August 2020.

Email comments and suggestions to info@title24stakeholders.com by June 12, 2020.
Comments will not be released for public review or will be anonymized if shared with
stakeholders.

The Codes and Standards Enhancement (CASE) initiative presents recommendations
to support the California Energy Commission’s (Energy Commission) efforts to update
California’s Energy Efficiency Building Standards (Title 24, Part 6) to include new
requirements or to upgrade existing requirements for various technologies. Three
California Investor Owned Utilities (IOUs) — Pacific Gas and Electric Company, San
Diego Gas and Electric, and Southern California Edison — and two Publicly Owned
Utilities — Los Angeles Department of Water and Power and Sacramento Municipal
Utility District (herein referred to as the Statewide CASE Team when including the
CASE Author) — sponsored this effort. The program goal is to prepare and submit
proposals that would result in cost-effective enhancements to improve energy efficiency
and energy performance in California buildings. This report and the code change
proposal presented herein are a part of the effort to develop technical and cost-
effectiveness information for proposed requirements on building energy-efficient design
practices and technologies.

The Statewide CASE Team submits code change proposals to the Energy Commission,
the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy
Commission will evaluate proposals submitted by the Statewide CASE Team and other
stakeholders. The Energy Commission may revise or reject proposals. See the Energy
Commission’s 2022 Title 24 website for information about the rulemaking schedule and
how to participate in the process: https://www.energy.ca.gov/programs-and-
topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.

The overall goal of this CASE Report is to present code change proposals for residential
additions and alterations. The report contains pertinent information supporting the code
changes.

When developing the code change proposals and associated technical information
presented in this report, the Statewide CASE Team worked with a number of industry
stakeholders including roofing contractors, mechanical and plumbing contractors,
building officials, manufacturers, designers, HERS Raters, Title 24 energy analysts,
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industry groups, and others involved in the code compliance process. The proposal
incorporates feedback received during public stakeholder workshops that the Statewide
CASE Team held on November 12, 2019 ( (Statewide CASE Team 2019a), (Statewide
CASE Team 2019b), (Statewide CASE Team 2019c)) and March 5, 2020 ( (Statewide
CASE Team 2020a), (Statewide CASE Team 2020b), (Statewide CASE Team 2020c)).

By 2023 it is estimated that there will be over 13 million existing residential dwelling
units in California (California Energy Commission 2019a). Almost 60 percent of these
were built before the California Energy Code went into effect in 1978. See Figure 1 for a
breakdown of total single family and multifamily units statewide. The Energy
Commission estimates that over the course of the 2023 code cycle, about 125,000 new
dwelling units will be built each year. New construction has been the focus of recent
Title 24, Part 6 code updates; however, existing buildings represent a significant
savings opportunity and one that must be addressed in order to respond to statewide
goals. Assembly Bill 3232, signed by Governor Brown in 2018, requires the Energy
Commission to identify policies that reduce greenhouse gas emissions from the building
stock by 40 percent below 1990 levels by 2030.

5,000
4,500
4,000
> 3,500
S 3,000
S3
= 2,500
€ 2,000 m Single Family
8 1,500 = Multifamily
1,000

-l Inm L L .

Pre 1970 1970-1979 1980-1989 1990-1999 2000-2009 2010 and
after

Building Vintage

Figure 1: Total number of residential single family and multifamily dwelling units
in California.

Source: Statewide construction forecasts provided by the Energy Commission (California Energy
Commission 2019a).

These code change proposals have been developed based on the low-rise residential
code, Section 150.2 of Title 24, Part 6, to cover low-rise single family and multifamily
buildings. As part of the 2022 code cycle, the Statewide CASE Team and the Energy
Commission are proposing to align the low-rise and high-rise multifamily requirements
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and reorganize the Standards so that all multifamily requirements are in a single
section. In this report the Statewide CASE Team presents energy savings, cost
effectiveness analysis, and proposed code change language for low-rise residential
buildings. The Multifamily Restructuring CASE Report covers proposals related to
multifamily restructuring and unification of low-rise residential and high-rise residential
requirements beyond the scope of this CASE report.

This code change should be accompanied by education and outreach programs
targeted at contractors, building departments, and building owners. Utility incentive
programs throughout the 2019 Title 24, Part 6 code cycle, and perhaps into the 2022
code cycle as well, can encourage early adopters and support a market transformation
for improving existing homes. Local reach codes can also play a similar role.

The following is a brief summary of the contents of this report. Each subsection is
repeated for each of the five proposed submeasure groups. Each submeasure group
includes two to three submeasures.

e Subsection 1 — Measure Description of this CASE Report provides a description
of the measure and its background. This section also presents a detailed
description of how this code change is accomplished in the various sections and
documents that make up the Title 24, Part 6 Standards.

e Subsection 2 — In addition to the Market Analysis section, this section includes a
review of the current market structure. Section 2.2 describes the feasibility issues
associated with the code change, including whether the proposed measure
overlaps or conflicts with other portions of the building standards, such as fire,
seismic, and other safety standards, and whether technical, compliance, or
enforceability challenges exist.

e Subsection 3 — Energy Savings presents the per-unit energy, demand reduction,
and energy cost savings associated with the proposed code change. This section
also describes the methodology that the Statewide CASE Team used to estimate
per-unit energy, demand reduction, and energy cost savings.

e Subsection 4 —In addition to the Market Analysis section, this section includes a
review of the current market structure. It also includes estimates of incremental
maintenance costs, i.e., equipment lifetime and various periodic costs associated
with replacement and maintenance during the period of analysis.

e Subsection 5 — First-Year Statewide Impacts presents the statewide energy
savings and environmental impacts of the proposed code change for the first
year after the 2022 code takes effect. This includes the amount of energy that
would be saved by California building owners and tenants and impacts
(increases or reductions) on material with emphasis placed on any materials that
are considered toxic by the State of California. Statewide water consumption
impacts are also reported in this section.

e Subsection 6 — Proposed Revisions to Code Language concludes the report with
specific recommendations with strikeout (deletions) and underlined (additions)
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language for the Standards, Reference Appendices, Alternative Calculation
Method (ACM) Reference Manual, Compliance Manual, and compliance
documents.

Section 7 — Bibliography presents the resources that the Statewide CASE Team
used when developing this report.

The following is a brief summary of the Appendices included in this report.

Appendix A: Statewide Savings Methodology presents the methodology and
assumptions used to calculate statewide energy impacts.

Appendix B: Nominal Cost presents results energy cost savings results based on
nominal costs.

Appendix C: Embedded Electricity in Water Methodology presents the
methodology and assumptions used to calculate the electricity embedded in
water use (e.g., electricity used to draw, move, or treat water) and the energy
savings resulting from reduced water use.

Appendix D: Environmental Impacts Methodology presents the methodologies
and assumptions used to calculate impacts on GHG emissions and water use
and quality.

Appendix E: California Building Energy Code Compliance (CBECC) Software
Specification presents relevant proposed changes to the compliance software (if

any).

Appendix F: Impacts of Compliance Process on Market Actors presents how the
recommended compliance process could impact identified market actors.

Appendix G: Summary of Stakeholder Engagement documents the efforts made
to engage and collaborate with market actors and experts.

Appendix H: Description of Prototypes describes the existing building prototypes
used in the energy analysis.

Appendix |: Additional Analysis provides additional analysis for select measures.
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2.Roof Replacements, Cool Roofs & Insulation

21 Measure Description

2.1.1 Measure Overview

This section covers two prescriptive code change proposals: 1) cool roofs at steep-
slope and low-slope roof replacement and 2) roof insulation at low-slope roof
replacement. These submeasures would apply to all low-rise residential buildings,
including single family and multifamily.

2.1.1.1 Cool Roofs at Roof Replacement

This submeasure expands the current cool roof requirements at time of roof
replacement for steep-slope and low-slope roofs to additional climate zones and revises
the existing exceptions. Table 4 describes the existing and proposed code requirements
for minimum aged solar reflectance and minimum thermal emittance.

Table 4: Summary of Existing and Proposed Cool Roof Requirements (Minimum
Aged Solar Reflectance/Minimum Thermal Emittance)

Steep-Slope Low-Slope
Climate Proposed Proposed
Zones Existing Ii;ing_le MZ:;?:;?IS Existing ging_le M':i;)i?:;ﬁg
amily Family
1,3,5,16 N/A N/A N/A N/A N/A N/A
6-7 N/A N/A N/A N/A 0.63/0.75  0.63/0.75
2 N/A N/A 0.20/0.75 N/A N/A 0.63/0.75
4, 8-9 N/A 0.20/0.75  0.20/0.75 N/A 0.63/0.75  0.63/0.75
10-12, 14 0.20/0.75 0.20/0.75  0.20/0.75 N/A 0.63/0.75  0.63/0.75
13,15 0.20/0.75 0.20/0.75 0.20/0.75 0.63/0.75 0.63/0.75 0.63/0.75

Currently, a variety of exceptions are allowed for steep-slope roofs on low-rise

residential buildings. This proposed change revises the existing exceptions and allows
for the following alternative options.

a. Buildings with at least R-38 ceiling or roof insulation

b. Buildings with a radiant barrier in the attic where the radiant barrier is not
installed directly over spaced sheathing

c. Buildings with R-2 or greater insulation above the roof deck
d. Buildings that have no ducts in the attic in Climate Zones 2, 4, 9, 10, 12, and 14

These four alternatives are estimated to result in similar or greater total savings than a
roof with an aged solar reflectance of 0.20. The existing radiant barrier option is revised
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to not allow this alternative path if a radiant barrier is installed over spaced sheathing,
which reduces the impact of the radiant barrier by almost half. The existing option for
ducts located outside of the attic is revised to only allow this option in climate zones
where the cool roof is not cost effective based on a building with ducts inside
conditioned space. See Appendix | for analysis results with ducts in conditioned space.

Three of the existing exceptions are proposed to be removed, Table 5 provides details
on the exceptions and the reasons for deleting them.

Table 5: Exceptions to the Steep-Slope Cool Roof Requirements Proposed for
Deletion

Existing Exception Reason for Deletion

Air-space of 1.0 inch (25
mm) is provided between
the top of the roof deck to
the bottom of the roofing
product.

The installed roofing
product has a profile ratio of
rise to width of 1 to 5 for 50

percent or greater of the
width of the roofing product.

Create consistency in the requirements applying
equally to all roofs regardless of product types.

Create consistency in the requirements applying
equally to all roofs, regardless of product types.

This exception is no longer valid, Section 150.1(c)9
Existing ducts in the attic ~ does not reference duct sealing requirements only duct

are insulated and sealed insulation requirements. Duct sealing requirements
according to Section have been moved from Section 150.1 to 150.0 and are
150.1(c)9. now mandatory for new homes in addition to the

prescriptive requirements for cool roofs.

For low-slope roofs on low-rise buildings, the current Exception 1 exempts projects with
no ducts in the attic. This exception is eliminated since most buildings with low-slope
roofs do not have an attic space and the cost-effectiveness calculations conducted for
this CASE Report are based on a building with ducts in conditioned space. The current
Exception 2 allows for trade-offs between the aged solar reflectance and above roof
deck insulation. Table 6 presents the revised trade-off values that reflect the new roof
insulation requirements that are described in Section 2.1.1.2 for the climate zones
where both a cool roof and roof insulation is prescriptively required. Equivalent
combinations of solar reflectance and continuous insulation were determined based on
results of energy simulations.
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Table 6: Aged Solar Reflectance Trade Off Table

Minimum Roof Deck Continuous = Roof Deck Continuous
Aged Solar Insulation R-value Insulation R-value
Reflectance (Climate Zones 6-7) (Climate Zones 2, 4, 8-15)

0.60 R-2 R-16
0.55 R-4 R-18
0.50 R-6 R-20
0.45 R-8 R-22
No requirement R-10 R-24

2.1.1.2 Roof Insulation at Low-Slope Roof Replacement

This submeasure adds a prescriptive requirement for above deck roof insulation at time
of roof replacement for low-slope roofs. Currently, there is no requirement for low-rise
residential buildings; there is an existing requirement for R-14 insulation for high-rise
residential buildings. See Table 7 for a summary of existing and proposed low-rise
residential requirements.

Table 7: Summary of Existing and Proposed Insulation Requirements for Low-
Slope Roofs at Time of Roof Replacement (Above Deck Continuous Insulation R-
value)

Climate Zones Existing Proposed
3, 5-7 N/A N/A
1,2,4,8-16 N/A R-14

The following summarizes the exceptions that are proposed for this code change. The
first exception allows for projects that already have continuous insulation installed at a
value of R-10, about 70 percent of the R-value of the R-14 requirement. Modeling
showed that adding additional insulation when the base condition already has some
minimum level of continuous insulation is not always cost effective. The last three
exceptions have been developed based on the current exceptions for the insulation
requirement for high-rise residential and nonresidential buildings in Section
141.0(b)2Biii; however, they have been revised to better low-rise residential roof reflect
conditions. Item iii and iv allow for a lower level of continuous insulation thickness when
certain conditions are met. Item iii qualifies this as R-4, which can be achieved with 1-
inch or less of insulation.

i.  Existing roofs with a minimum continuous insulation R-value of at least R-10 are
not required to meet the R-value requirements.

ii. Existing roofs with a minimum cavity insulation R-value of at least R-19 in certain
climate zones. This exception is based on cost effectiveness results using the
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existing building prototypes with R-19 roof insulation, see Appendix | for analysis
results.

iii.  Continuous insulation may be reduced to R-4 where:

a. Mechanical equipment is located on the roof and adding insulation would
reduce the base flashing height to less than that allowable by the
California Residential Code.

b. The roof has sidewall or parapet walls and adding insulation would reduce
the base flashing height to less than that allowed by the California
Residential Code.

iv.  Where adding insulation would result in the necessity to move existing exterior
windows or doors, increased thickness may be reduced.

v. Allowance to use tapered insulation provided that the average thermal resistance
equals or exceeds the required value.

2.1.2 Measure History

2.1.2.1 Cool Roofs at Roof Replacement

A cool roof is a roofing product that provides higher solar reflectance and thermal
emittance than a standard roofing product. When solar radiation hits a roof surface, a
portion of the visible, infrared, and ultraviolet energy is absorbed, and a portion is
reflected. Thermal emittance describes the ability of the roof surface to radiate energy
once absorbed. The “cooler” the roof, the more energy the roof surface reflects and the
better it is at emitting absorbed energy. A roof with a solar reflectance and thermal
emittance of 0 is not reflective or emissive at all. A solar reflectance of 1 indicates
complete reflectivity. A thermal emittance of 1 indicates complete emissivity. Cool roofs
with very high solar reflectance values, such as those that meet the low-slope
requirements of 0.63 solar reflectance, are typically very light or white in color. However,
there are many cool roof products that use darker colored pigments and meet the steep-
slope requirements of 0.20 solar reflectance.

Cool roof requirements for roof replacements in low-rise residential buildings were
introduced in the 2008 Title 24, Part 6 code. The requirements have not changed
significantly since that time. In the 2008 Standards, the low-rise requirements were for a
minimum 0.20 aged solar reflectance and 0.75 thermal emittance roof for steep-slope
roofs in Climate Zones 10 through 15, and a minimum 0.55 aged solar reflectance roof
0.75 thermal emittance for low-slope roofs in Climate Zones 13 and 15. The current
requirements are identical except that the aged solar reflectance for low-slope roofs
increased to 0.63, which happened in the 2013 code cycle, and the exceptions have
been slightly revised over time.
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2.1.2.2 Roof Insulation at Low-Slope Roof Replacement

Roof insulation is the application of continuous insulation above the roof deck and below
the exterior roofing material. This submeasure has not been considered for low-rise
residential buildings in past code cycles. The current requirement for high-rise
residential buildings has been in place since the 2008 Title 24, Part 6 code. There have
been no changes since 2008 except for minor revisions to the allowable exceptions.

2.1.3 Summary of Proposed Changes to Code Documents

The sections below summarize how the standards, Reference Appendices, ACM
Reference Manuals, and compliance documents would be modified by the proposed
changes and covers both the cool roof and roof insulation submeasures. See Section
2.6 of this report for detailed proposed revisions to code language.

2.1.3.1 Summary of Changes to the Standards
The two submeasures would modify the following sections of the California Energy
Code as shown below. See Section 2.6.2 of this report for marked-up code language.

SECTION 150.2 - ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND
ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS

Section 150.2(b)1li: Revise to reflect the additional climate zones where the cool roof
requirements would apply and the proposed changes to the exceptions.

Section 150.2(b)1lii: Add subsections a and b. Locate the existing cool roof
requirements under subsection a and revise to reflect the additional climate zones
where cool roofs are proposed. Revise the exceptions including TABLE 150.2-B AGED
SOLAR REFLECTANCE TRADE OFF TABLE. Add the requirement for continuous
insulation in new subsection b.

2.1.3.2 Summary of Changes to the Reference Appendices
The two proposed submeasures would not modify the Reference Appendices.

2.1.3.3 Summary of Changes to the Residential ACM Reference Manual

The two submeasures would modify the following sections of the Residential ACM
Reference Manual as shown below. See Section 2.6.4 of this report for the detailed
proposed revisions to the text of the ACM Reference Manual.

SECTION 2.10 Additions/Alterations

Section 2.10.4.3 Roof/Ceilings: Update Table 26 to reflect a change to the basis of the
Standard Design for altered roofing surfaces for both steep-slope and low-slope roofs.
Add a row for low-slope roof deck insulation and add the insulation requirements based
on the proposal.
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2.1.3.4 Summary of Changes to the Residential Compliance Manual

The two submeasures would modify the following section of the Residential Compliance
Manual:

e Section 9.2 What’s New in the 2019 Energy Standards
e Section 9.4.4 Envelope Alterations
See Section 2.6.5 of this report for further details.

2.1.3.5 Summary of Changes to Compliance Documents

The two submeasures would modify the compliance documents listed below. Further
details are presented in Section 2.6.6.

e CF1R-ALT-01-E — Repurpose subsection E for steep-slope roof replacements
and create a new subsection for low-slope roof replacements. Provided that the
exceptions for the low-slope roof insulation requirements are detailed for this
submeasure, the Statewide CASE Team recommends that additional
documentation be required by the installing contractor if applying for one of the
exceptions to verify that the project meets the qualifications for the exception.

e CF1R-ALT-05-E — Repurpose subsection C for steep-slope roof replacements
and create a new subsection for low-slope roof replacements. Provided that the
exceptions for the low-slope roof insulation requirements are detailed for this
submeasure, the Statewide CASE Team recommends that additional
documentation be required by the installing contractor if applying for one of the
exceptions to verify that the project meets the qualifications for the exception.

e CF2R-ALT-05-E — Revise subsection B to add a section for above deck
insulation.

¢ CF2R-ENV-04-E — Revise the form to add a section for above deck insulation.

2.1.4 Regulatory Context
2.1.4.1 Existing Requirements in the California Energy Code

Cool Roofs at Roof Replacement

There are existing requirements for cool roofs in certain climate zones at time of roof
replacement for both steep-slope and low-slope roofs. The requirements are in Section
150.2(b)1I for low-rise residential buildings. Table 8 describes the existing code
requirements for minimum aged solar reflectance and minimum thermal emittance.
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Table 8: Summary of Existing Cool Roof Requirements (Minimum Aged Solar
Reflectance/Minimum Thermal Emittance)

Climate Zones Steep-Slope Low-Slope

1-9, 16 N/A N/A
10-12, 14 0.20/0.75 N/A
13,15 0.20/0.75 0.63/0.75

A variety of exceptions currently exist for steep-slope roofs on low-rise residential
buildings. These exceptions are listed below.

e Air-space of 1.0 inch (25 mm) is provided between the top of the roof deck to the
bottom of the roofing product; or

e The installed roofing product has a profile ratio of rise to width of 1 to 5 for 50
percent or greater of the width of the roofing product; or

e Existing ducts in the attic are insulated and sealed according to Section
150.1(c)9; or

e Buildings with at least R-38 ceiling insulation; or

e Buildings with a radiant barrier in the attic meeting the requirements of Section
150.1(c)2; or

¢ Buildings that have no ducts in the attic; or
e In Climate Zones 10-15, R-2 or greater insulation above the roof deck.

For low-slope roofs on low-rise buildings, there is currently an exception if there are no
ducts located in an attic, as well as a trade-off table that allows for lower aged solar
reflectance when roof deck insulation is installed.

There is another code change proposal under consideration for the 2022 code cycle
that would make changes to the cool roof requirements for nonresidential buildings for
new construction and at time of roof replacement.!

Roof Insulation at Low-Slope Roof Replacement

There are no relevant existing requirements in the California Energy Code for low-rise
buildings. There is a requirement for high-rise multifamily buildings in Section
141.0(b)2Biii which requires that R-14 continuous above roof deck insulation is installed
at time of roof replacement in all climate zones. There are exceptions that allow for a
lower R-value to be installed under certain conditions. Section 141.0(b)2Biii also
includes requirements for non-residential buildings.

1 More information on the code change proposals is available here:
https://title24stakeholders.com/measures/cycle-2022/nonresidential-high-performance-envelope/
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There is another code change proposal under consideration for the 2022 code cycle
that, if adopted, would increase the roof insulation requirements for nonresidential
buildings at time of roof replacement to match new construction standards.’

2.1.4.2 Relationship to Requirements in Other Parts of the California Building
Code

There are no relevant requirements in other parts of the California Building Code for
either of the two submeasures.

2.1.4.3 Relationship to Local, State, or Federal Laws

Cool Roofs at Roof Replacement

There are three local reach codes in place throughout California under the 2016
Standards that impose a mandatory requirement for cool roofs. As of January 28, 2020,
the jurisdictions have not filed an application with the Energy Commission for a similar
ordinance under the 2019 Standards. Table 9 describes the reach code requirements
by building type for each jurisdiction.

Table 9: Summary of Reach Code Requirements for Cool Roofs (Minimum Aged
Solar Reflectance/Minimum Thermal Emittance)

Jurisdiction Steep-Slope Low-Slope

Low-Rise  High-Rise Nonresidential Low-Rise High-Rise Nonresidential
Residential Residential Residential Residential

LA County?
CZs6,8,9
New 0.25/0.85 0.25/0.75 0.28/0.85 0.65/0.85 0.65/0.77 0.68/0.85
construction &
alterations

BrisbaneP
Cz3
New

construction

San Mateo®
Cz3
New N/A N/A N/A 0.70/0.85 0.70/0.85 0.70/0.85
construction &
alterations

a. https://ww2.energy.ca.gov/titie24/2016standards/ordinances/losangeles/approved_LA_2016.zip

b. https://ww2.energy.ca.gov/title24/2016standards/ordinances/brisbane/City_of Brisbane_2017-07-
12.zip

c. https://ww2.energy.ca.gov/title24/2016standards/ordinances/sanmateo/2016-09-
14_Item_6b_San_Mateo.zip

N/A N/A N/A 0.70/0.85 0.70/0.85  0.70/0.85
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Assembly Bill 660: Building Energy Efficiency Standards: Solar Reflectance of Roofs
(AB 660), authored by Assemblymember Marc Levine, was passed by the State
Assembly in May of 2019 and is now under consideration by the Senate. AB 660 would
require that the State Energy Resources Conservation and Development Commission
consider amendments to the Title 24, Part 6 code for existing low-rise residential
buildings with steep-sloped roofs with the goal of increasing the value of minimum aged
solar reflectance up to 0.40 in the 2031 standard and the goal of expanding the range of
climate zones in which minimum aged solar reflectance values are prescribed for those
alterations.

Roof Insulation at Low-Slope Roof Replacement
There are no relevant local, state, or federal laws.

2.1.4.4 Relationship to Industry Standards

No relevant industry standards for either of the two submeasures were identified while
preparing this proposal.

2.1.5 Compliance and Enforcement

When developing this proposal, the Statewide CASE Team considered methods to
streamline the compliance and enforcement process and how negative impacts on
market actors who are involved in the process could be mitigated or reduced. This
section describes how to comply with the proposed code change. It also describes the
compliance verification process. Appendix F presents how the proposed changes could
impact various market actors.

This discussion relates to both the cool roof and roof insulation submeasures. The
activities that need to occur during each phase of the project are described below:

e Design Phase: In most instances roof replacements are completed as isolated
retrofits rather than part of a larger remodel. In this case the roofing contractor
corresponds directly with the building owner, recommends the replacement
material, and needs to be aware of Title 24, Part 6 requirements related to the
scope of work. Depending on the project, the contractor recommends options to
the owner for compliance by installing a cool roof and/or roof insulation or
meeting one of the alternative paths.

e Permit Application Phase: The roofing contractor submits the project for permit
and completes the necessary Certificate of Compliance documents. A roof
replacement does not trigger HERS testing and the prescriptive forms would be
completed outside of the HERS registry. The Statewide CASE Team has heard
that permit requirements vary by jurisdiction and some may not require
Certificate of Compliance documents for a roof replacement project.

e Construction Phase: The roofing contractor installs the roofing system.
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e Inspection Phase: Typically, the roofing contractor completes the Certificate of
Installation (CF2R-ALT-05-E) and a building inspector conducts a final
inspection. However, inspection processes vary by jurisdiction with some
requiring an onsite inspection and others not requiring visual inspection for a roof
replacement project.

The compliance process described above does not differ from the existing compliance
process for the proposed code change for cool roofs.

The roof insulation proposal would require additional scope of work during each of the
project phases. During design, the contractor would need to evaluate the site-specific
conditions of the roof and determine how to address details for adding thickness in the
form of insulation to the existing roof. The contractor would then conclude whether the
project can comply with the required R-value or take one of the exceptions. There would
be additional steps for plan review and inspection in the permit application phase and
the inspection phase. However, this added requirement for above deck insulation fits
within the existing permitting process and is not expected to add substantial burden to
building departments. This requirement is similar to what is currently in Title 24, Part 6
for nonresidential and high-rise residential buildings, therefore there is familiarity with
this process for both the contractors and the building departments.

It is possible that the added requirements may result in projects being completed
without applying for a permit. Multiple stakeholders have indicated that in some
jurisdictions, the percent of residential roof alteration projects that apply for a permit is
low. This is likely more of a problem with single family homes where smaller roof areas
allow for roof replacements to be completed over the weekend. More low-slope roofs
are on multifamily buildings where larger roof areas make this more challenging.
However, this is highly dependent on local enforcement. This code change should be
supported by education and outreach programs designed for contractors, building
departments, and building owners. Utility incentive programs throughout the 2019 Title
24, Part 6 code cycle, and perhaps into the 2022 code cycle, can encourage early
adopters and support a market transformation for cool roofs and roof deck insulation.
Local reach codes would play a similar role.

2.2 Market Analysis

2.2.1 Market Structure

The Statewide CASE Team performed a market analysis with the goals of identifying
current technology availability, current product availability, market trends, and how the
standard would affect individual market actors. Information was gathered about the
incremental cost of complying with the proposed measure. Estimates of market size and
measure applicability were identified through research and outreach with stakeholders
including utility program staff, Energy Commission staff, and a wide range of industry
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actors including roofing contractors, roofing industry representatives, manufacturers,
and consultant. In addition to conducting personalized outreach, the Statewide CASE
Team discussed the current market structure and potential market barriers during public
stakeholder meetings that the Statewide CASE Team held on November 12, 2019 (
(Statewide CASE Team 2019a), (Statewide CASE Team 2019b), (Statewide CASE
Team 2019c)) and March 5, 2020 ( (Statewide CASE Team 2020a), (Statewide CASE
Team 2020b), (Statewide CASE Team 2020c)).

The residential roofing market is comprised of buildings with both low-slope and steep-
slope roofs. Single family homes are primarily steep-slope. The type of roofing used in
multifamily buildings is dependent on the building type and height; both steep-slope and
low-slope roofs are typical with low-rise buildings. The 2009 Residential Appliance
Saturation Study (California Energy Commission 2009) estimates that 77 percent of
single family homes and 31 percent of multifamily homes have insulated attics, which
can be used as a surrogate to indicate steep-slope roofs. Of the performance-based
alteration projects with new or altered roofs registered with CalCERTS under the 2013
and 2016 code cycles 78 percent of single family and 47 percent of low-rise multifamily
projects were steep-slope roofs (CalCERTS 2020).

Steep-slope existing residential roofs are predominantly asphalt shingles with tile and
metal products filling most of the remainder. A 2015 study by the National Roofing
Contractor’s Association estimated that the largest segments of the low-slope roofing
market were represented by thermoplastic polyolefin, or TPO, at 30 percent, EPDM
rubber at 25 percent, modified bitumen at 12 percent, and built up roofing at 7 percent
(Klutz, Dutton and Davis 2018).

Insulating the roof deck of low-slope roofs is typically accomplished with rigid foam
insulation board or spray foam insulation. There are three major types of rigid foam
insulation that are most commonly applied in roof systems. These are expanded
polystyrene (EPS), extruded polystyrene (XPS), and polyisocyanurate (polyiso). Spray
polyurethane foam integrates the insulation into the waterproofing system and is self-
flashing. When the roof deck does not provide adequate slope for drainage a tapered
insulation system may be used.

There are many manufacturers that produce low-slope and steep-slope roofing system
components and various trade associations that represent the industry. Trade
associations include the National Roofing Contractors Association (NRCA), Asphalt
Roofing Manufacturers Association (ARMA), Roofing Contractors Association of
California (RCAC), Associated Roofing Contractors of the Bay Area Counties
(ARCBAC), Cool Roof Rating Council (CRRC), and Cool Metal Roofing Coalition
(CMRC), among others.

There are over 13 million existing residential dwelling units in California (see Appendix
A). It is estimated that 7 percent of residential buildings undergo a roof replacement
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each year (Roofing Contractor 2013). This results in new roofs for 920,000 residential
dwelling units in California annually.

Roofing contractors are the primary market actors involved with implementing these
code change proposals. They typically correspond directly with the building owner, who
is the primary decision maker, and make recommendations for specifications on
replacement roofing systems. Other market actors include manufactures, plans
examiners, and building inspectors.

2.2.2 Technical Feasibility, Market Availability, and Current Practices

2.2.2.1 Cool Roofs at Roof Replacement

The Statewide CASE Team conducted a stakeholder outreach to roofing contractors,
manufacturers, and roofing industry representatives. Trade associations interviewed
include ARMA, RCAC, and ARCBAC. In general, there was support for expanding the
current requirements to additional climates zones, not increasing the stringency of the
solar reflectance requirements at this time and maintaining exceptions in the code that
allow for flexibility. Industry representatives voiced concern about the high number of
residential roof replacements that are not permitted and a lack of enforcement
statewide. While the cool roof market in California is larger than in other areas of the
country, it has not grown as much as expected, which may partially be a result of lack of
enforcement for roof replacements. Expanding the climate zones where cool roofs are
required can support market growth.

The Cool Roof Rating Council (CRRC) is a non-profit educational organization
incorporated “to implement and communicate accurate radiative energy performance
rating systems for roof surfaces, support research, and serve as an educational
resource for information on roofing” (Cool Roof Rating Council n.d.). Roofing
manufacturers register their products with the CRRC, which verifies that testing
methodologies and reporting standards are consistent for all products. The CRRC
database of products is updated daily. As of December 12, 2019, there were 2,962
products registered in the CRRC database. Of these, 2,636 (89 percent) products meet
Title 24, Part 6 cool roof requirements for low-or steep-slope roofing. 183 manufacturers
are represented in the CRRC database, which encompasses almost all major roofing
product manufacturers. The distribution of compliant products is shown in Figure 2.

Of the 2,636 products that meet the prescriptive cool roof requirements, 768 products
meet requirements for low-slope roofing and 2,465 products meet requirements for
steep-slope roofing. 62 percent of products are listed as appropriate for both low-slope
and steep-slope installations. These include single-ply, fluid applied membrane,
asphaltic membrane, and metal coating products, which are the products most
commonly installed on low-slope roofs.
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Figure 2: Number of CRRC-registered products that meet current Title 24, Part 6
minimum criteria for aged solar reflectance and thermal emittance.

Source: Cool Roof Rating Council

Figure 3 and Figure 4 show data from CalCERTS on alteration only or alteration and
addition projects that complied with Title 24, Part 6 using the performance path. The
figures show the percentage of new or altered roofs in these projects that meet the
current prescriptive requirements for aged solar reflectance. The data is presented
separately for steep-slope and low-slope roofs and the 2013 and 2016 code cycles
(CalCERTS 2020). Both figures show a trend from the 2013 to 2016 code cycles of an
increasing percentage of projects installing cool roofs. Most roof replacements are
completed prescriptively and would not be registered with a HERS registry; however,
this data is not available on a statewide basis.

2022 Title 24, Part 6 Draft CASE Report — 2022-SF-EAA-D | 40



Steep-Slope Roofs

15% =2013
= 2016

] J 1 i i J

0% [ ] - [ ™ J

N oS S > H P A & O 0 N O D > S 0
049 04'9 0/"9 C)/l’ 019 049 04'9 O/& 019 01;\ 04;\ 04':\ 0";\ C)A':\ O,l"’\ 0/1;\

0.20
o
S

)
Q
3=

% of Roofs in with Solar
Reflectance >
S
=

Figure 3: Percent of altered or new steep-slope roofs in existing plus addition
plus alteration project registered with CalCERTS in the 2013 & 2016 code cycles
that meet the current prescriptive requirement for aged solar reflectance.

Source: CalCERTS (CalCERTS 2020)
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Figure 4: Percent of altered or new low-slope roofs in existing plus addition plus
alteration project registered with CalCERTS in the 2013 & 2016 code cycles that
meet the current prescriptive requirement for aged solar reflectance.

Source: CalCERTS (CalCERTS 2020)
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Stakeholders provided feedback that there are few issues with availability of low-slope
roofing products that meet the Title 24, Part 6 aged solar reflectance requirements. If a
project is installing a single-ply membrane roof it's highly likely that any roof that is
specified would meet the cool roof requirements. If installing a modified bitumen roof, a
cool roof-rated cap sheet is applied.

For steep-slope roofs there are more tile and metal roofing products available than
asphalt shingle products. Stakeholders provided feedback that selecting asphalt shingle
products that meet customer needs can be challenging in certain locations. While there
are many products available (127 products certified on the CRRC identified as steep-
slope asphalt shingle products that meet the cool roof requirements), options are not
always available based on customer color preference or geographic locations (mostly
distributor reach).

2.2.2.2 Roof Insulation at Low-Slope Roof Replacement

The Statewide CASE Team conducted a stakeholder outreach to roofing contractors
and roofing industry representatives. In general, there was support for applying the
current requirements for high-rise residential insulation requirements to low-rise
buildings as long as exceptions similar to the existing exceptions were also allowed.
There are technical considerations when increasing the thickness of an existing roof
with added insulation. These include adjustments to flashing around rooftop equipment,
skylights, penthouse and parapet walls, and roof penetrations. On roofs without parapet
walls, the fascia also needs to be re-built.

The nonresidential roofing industry is familiar with this requirement because it has been
in Title 24, Part 6 since the 2008 code cycle. The industry has developed a knowledge
base for how to detail the technical considerations discussed above. There are many
insulation products available that are used both on new construction roofs and for roof
replacements.

The Statewide CASE Team is proposing a number of exceptions to the insulation
requirements that are similar to the existing requirements for high-rise residential and
nonresidential buildings. One primary change is to eliminate the reference to a specific
minimum base flashing height of eight inches and instead use language that allows for
an exception if the available base flashing height does not comply with California
Building Code requirements. California Building Code requires specific base flashing
heights in certain conditions, but mostly references manufacturers installation
procedures. This change allows for flexibility if language in the building code changes or
manufacturer installation procedures and best practices change over time. This requires
that the contractor conduct due diligence on the product to be installed and provide
appropriate justification to the building department if an exception is requested. Various
stakeholders indicated that a base flashing height of eight inches is often not available
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on existing residential roofs, but that even so it is usually possible to add a minimum
amount of insulation, typically up to one inch. This informed the other primary change
relative to the existing exceptions for high-rise residential and non-residential buildings.
Instead of waiving the roof insulation requirements in cases where minimum base
flashing heights are not met, the proposal is to reduce the requirement to R-4.

2.2.3 Market Impacts and Economic Assessments

2.2.3.1 Impact on Builders

Builders of residential and commercial structures are directly impacted by many of

the measures proposed by the Statewide CASE Team for the 2022 code cycle. Itis
within the normal practices of these businesses to adjust their building practices to
changes in building codes. When necessary, builders engage in continuing education
and training in order to remain compliant with changes to design practices and building
codes.

California’s construction industry is comprised of about 80,000 business establishments
and 860,000 employees (see Table 10).2 In 2018, total payroll was $80 billion. Nearly
60,000 of these business establishments and 420,000 employees are engaged in the
residential building sector, while another 17,000 establishments and 344,000
employees focus on the commercial sector. The remainder of establishments and
employees work in industrial, utilities, infrastructure, and other heavy construction
(industrial sector).

2 Average total monthly employment in California in 2018 was 18.6 million; the construction industry
represented 4.5 percent of 2018 employment.
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Table 10: California Construction Industry, Establishments, Employment, and
Payroll, 2018

Annual
Construction Sectors Establishments Employment Payroll
(billions $)
Residential 59,287 420,216 $23.3
Residential Building Construction 22,676 115,777 $7.4
Contractors
Ié:oun.datlon, Structure, & Building 6.623 75.220 $3.6
xterior
Building Equipment Contractors 14,444 105,441 $6.0
Building Finishing Contractors 15,544 123,778 $6.2
Commercial 17,273 343,513 $27.8
Commercial Building Construction 4,508 75,558 $6.9
EFouqdann, Structure, & Building 2153 53 531 $3.7
xterior
Building Equipment Contractors 6,015 128,812 $10.9
Building Finishing Contractors 4 597 85,612 $6.2
Industrial, Utilities, Infrastructure,
& Other 4,103 96,550 $9.2
Industrial Building Construction 299 5,864 $0.5
Utility System Construction 1,643 47,619 $4.3
Land Subdivision 952 7,584 $0.9
nghway,_ Street, and Bridge 770 25 477 $2.4
Construction
Other Heavy Construction 439 10,006 $1.0

Source: (State of California, Employment Development Department n.d.)

The proposed change to require cool roofs and roof insulation at roof

replacement would likely affect residential builders but would not impact commercial
builders or firms that focus on construction and retrofit of industrial buildings, utility
systems, public infrastructure, or other heavy construction. The effects on the residential
building industry would not be felt by all firms and workers, but rather would be
concentrated in specific industry subsectors. Table 11 shows the residential building
subsectors the Statewide CASE Team expects to be impacted by the changes
proposed in this report. Because the proposed code requirements come only into play
at roof replacement, they are expected to impact roofing contractors primarily and
residential remodelers to the extent that they work on projects with roof

replacements. The Statewide CASE Team’s estimates of the magnitude of these
impacts are shown in Section 2.2.4 Economic Impacts.
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Table 11: Size of the California Residential Building Industry by Subsector, 2018

Residential Building Subsector Establishments Employment Annual Payroll

(billions $)
Residential Remodelers 11,122 52,133 $2,973,873,865
Residential Roofing Contractors 2,208 16,814 $813,935,273

Source: (State of California, Employment Development Department n.d.)

2.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with changing building codes practices is within
the normal practices of building designers. Building codes (including the California
Energy Code) are typically updated on a three-year revision cycle and building
designers and energy consultants engage in continuing education and training in order
to remain compliant with changes to design practices and building codes.

Businesses that focus on residential, commercial, institutional, and industrial building
design are contained within the Architectural Services sector (North American Industry
Classification System 541310). Table 12 shows the number of establishments,
employment, and total annual payroll for Building Architectural Services. The proposed
code change would potentially impact all firms within the Architectural Services

sector. The Statewide CASE Team anticipates the impacts for the residential roof
replacement submeasures to affect firms that focus on single family and low-rise
multifamily construction.

There is not a North American Industry Classification System (NAICS)?3 code specific for
energy consultants. Instead, businesses that focus on consulting related to building
energy efficiency are contained in the Building Inspection Services sector (NAICS
541350), which is comprised of firms primarily engaged in the physical inspection of
residential and nonresidential buildings.* It is not possible to determine which business
establishments within the Building Inspection Services sector are focused on energy

3 NAICS is the standard used by Federal statistical agencies in classifying business establishments for
the purpose of collecting, analyzing, and publishing statistical data related to the U.S. business economy.
NAICS was development jointly by the U.S. Economic Classification Policy Committee (ECPC), Statistics
Canada, and Mexico's Instituto Nacional de Estadistica y Geografia, to allow for a high level of
comparability in business statistics among the North American countries. NAICS replaced the Standard
Industrial Classification (SIC) system in 1997.

4 Establishments in this sector include businesses primarily engaged in evaluating a building’s structure
and component systems and includes energy efficiency inspection services and home inspection
services. This sector does not include establishments primarily engaged in providing inspections for
pests, hazardous wastes or other environmental contaminates, nor does it include state and local
government entities that focus on building or energy code compliance/enforcement of building codes and
regulations.
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efficiency consulting. The information shown in Table 12 provides an upper bound
indication of the size of this sector in California.

Table 12: California Building Designer and Energy Consultant Sectors, 2018

Sector Establishments Employment Annual Payroll

(millions $)
Architectural Services? 3,704 29,611 $2,906.7
Building Inspection ServicesP 824 3,145 $223.9

Source: (State of California, Employment Development Department n.d.)

a. Architectural Services (NAICS 541310) comprises private-sector establishments primarily engaged
in planning and designing residential, institutional, leisure, commercial, and industrial buildings and
structures;

b. Building Inspection Services (NAICS 541350) comprises private-sector establishments primarily
engaged in providing building (residential & nonresidential) inspection services encompassing all
aspects of the building structure and component systems, including energy efficiency inspection
services.

2.2.3.3 Impact on Occupational Safety and Health

The proposed code change does not alter any existing federal, state, or local
regulations pertaining to safety and health, including rules enforced by the California
Division of Occupational Safety and Health (Cal/OSHA). All existing health and safety
rules would remain in place. Complying with the proposed code change is not
anticipated to have adverse impacts on the safety or health of occupants or those
involved with the construction, commissioning, and maintenance of the building.

2.2.3.4 Impact on Building Owners and Occupants (Including Homeowners and
Potential First-Time Homeowners)

According to data from the U.S. Census, American Community Survey (ACS), there
were nearly 14.3 million housing units in California in 2018 and nearly 13.1 million were
occupied (see Table 13). Most housing units (nearly 9.2 million) were single family
homes (either detached or attached), while about 2 million homes were in buildings
containing two to nine units and 2.5 million were in multifamily building containing 10 or
more units. The U.S. Census reported that 59,200 single family and 50,700 multifamily
homes were constructed in 2019.

2022 Title 24, Part 6 Draft CASE Report — 2022-SF-EAA-D | 46



Table 13: California Housing Characteristics, 2018

Housing Measure Estimate
Total housing units 14,277,867
Occupied housing units 13,072,122
Vacant housing units 1,205,745
Homeowner vacancy rate 1.2%
Rental vacancy rate 4.0%
Units in Structure Estimate
1-unit, detached 8,177,141
1-unit, attached 1,014,941
2 units 358,619
3 or 4 units 783,963
5 to 9 units 874,649
10 to 19 units 742,139
20 or more units 1,787,812
Mobile home, RV, etc. 538,603

Source: (2018 American Community Survey n.d.)

Table 14 shows the distribution of California homes by vintage. About 15 percent of
California homes were built in 2000 or later and another 11 percent built between 1990
and 1999. The majority of California’s existing housing stock (8.5 million homes — 59%
of the total) were built between 1950 and 1989, a period of rapid population and
economic growth in California. Finally, about 2.1 million homes in California were built
before 1950. According to Kenney et al, 2019, more than half of California’s existing
multifamily buildings (those with five or more units) were constructed before 1978 when
there were no building energy efficiency standards (California Energy Commission
2019).
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Table 14: Distribution of California Housing by Vintage, 2018

Home Vintage Units Percent Cumulative Percent

Built 2014 or later 343,448 2.4% 2.4%
Built 2010 to 2013 248,659 1.7% 4.1%
Built 2000 to 2009 1,553,769 10.9% 15.0%
Built 1990 to 1999 1,561,579 10.9% 26.0%
Built 1980 to 1989 2,118,545 14.8% 40.8%
Built 1970 to 1979 2,512,178 17.6% 58.4%
Built 1960 to 1969 1,925,945 13.5% 71.9%
Built 1950 to 1959 1,896,629 13.3% 85.2%
Built 1940 to 1949 817,270 5.7% 90.9%
Built 1939 or earlier 1,299,845 9.1% 100.0%
Total housing units 14,277,867 100%

Source: (2018 American Community Survey n.d.)

Table 15 shows the distribution of owner- and renter-occupied housing by household
income. Overall, about 55 percent of California housing is owner-occupied and the rate
of owner-occupancy generally increases with household income. The owner-occupancy
rate for households with income below $50,000 is only 37 percent, whereas the owner
occupancy rate is 72 percent for households earning $100,000 or more.

Table 15: Owner- and Renter-Occupied Housing Units in California by Income,

2018

Household Income Total Owner Occupied Renter Occupied
Less than $5,000 391,235 129,078 262,157
$5,000 to $9,999 279,442 86,334 193,108
$10,000 to $14,999 515,804 143,001 372,803
$15,000 to $19,999 456,076 156,790 299,286
$20,000 to $24,999 520,133 187,578 332,555
$25,000 to $34,999 943,783 370,939 572,844
$35,000 to $49,999 1,362,459 590,325 772,134
$50,000 to $74,999 2,044,663 1,018,107 1,026,556
$75,000 to $99,999 1,601,641 922,609 679,032
$100,000 to $149,999 2,176,125 1,429,227 746,898
$150,000 or more 2,780,761 2,131,676 649,085
Total Housing Units 13,072,122 7,165,664 5,906,458
Median household income $75,277 $99,245 $52,348

Source: (2018 American Community Survey n.d.)
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Understanding the distribution of California residents by home type, home vintage, and
household income is critical for developing meaningful estimates of the economic
impacts associated with proposed code changes affecting residents. Many proposed
code changes specifically target single family or multifamily residences and so the
counts of housing units by building type shown in Table 13 provides the information
necessary to quantify the magnitude of potential impacts. Likewise, impacts may differ
for owners and renters, by home vintage, and by household income, information
provided in Table 14 and Table 15.

For California residents, the code changes that the Statewide CASE Team is proposing
for the 2022 code cycle regulation would result in lower energy bills. When homeowners
or building occupants save on energy bills, they tend to spend it elsewhere thereby
creating jobs and economic growth for the California economy. Energy cost savings can
be particularly beneficial to low income homeowners who typically spend a higher
portion of their income on energy bills, often have trouble paying energy bills, and
sometimes go without other necessities to save money for energy bills (Association,
National Energy Assistance Directors 2011).]

2.2.3.5 Impact on Building Component Retailers (Including Manufacturers and
Distributors)

The Statewide CASE Team anticipates the proposed change would have no material
impact on California component retailers apart from a slight increase in economic
activity for manufacturers of cool roof and insulation products due to increased demand.

2.2.3.6 Impact on Building Inspectors

Table 16 shows employment and payroll information for state and local government
agencies in which many inspectors of residential and commercial buildings are
employed. Building inspectors participate in continuing training to stay current on all
aspects of building regulations, including energy efficiency. The Statewide CASE Team,
therefore, anticipates the proposed change would have no impact on employment of
building inspectors or the scope of their role conducting energy efficiency inspections.

Table 16: Employment in California State and Government Agencies with
Building Inspectors, 2018

Annual
Sector Govt. Establishments Employment  Payroll
(millions $)
Administration of State 17 283 $29.0
Housing Programs? Local 36 2,882 $205.7
Urban and Rural State 35 552 $48.2
Development Admin® Local 52 2,446 $186.6
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Source: (State of California, Employment Development Department n.d.)

a. Administration of Housing Programs (NAICS 925110) comprises government establishments
primarily engaged in the administration and planning of housing programs, including building codes
and standards, housing authorities, and housing programs, planning, and development.

b. Urban and Rural Development Administration (NAICS 925120) comprises government
establishments primarily engaged in the administration and planning of the development of urban
and rural areas. Included in this industry are government zoning boards and commissions.

2.2.3.7 Impact on Statewide Employment

As described in Sections 2.2.3.1 through 2.2.3.6, the Statewide CASE Team does not
anticipate significant employment or financial impacts to any particular sector of the
California economy. This is not to say that the proposed change would not have modest
impacts on employment in California. In Section 2.2.4, the Statewide CASE

Team estimated how the proposed change in cool roof and insulation requirements at
roof replacement would affect statewide employment and economic output directly and
indirectly through its impact on builders, designers and energy consultants, and building
inspectors. In addition, the Statewide CASE Team estimated how energy savings
associated with the proposed change in cool roof and insulation requirements at roof
replacement would lead to modest ongoing financial savings for California residents,
which would then be available for other economic activities.

2.2.4 Economic Impacts

For the 2022 code cycle, the Statewide CASE Team used the IMPLAN model software,
along with economic information from published sources, and professional judgement to
developed estimates of the economic impacts associated with each proposed code
changes. ® While this is the first code cycle in which the CASE team develops estimates
of economic impacts using IMPLAN, it is important to note that the economic impacts
developed for this report are only estimates and are based on limited and to some
extent speculative information. In addition, the IMPLAN model provides a relatively
simple representation of the California economy and, though the Statewide CASE Team
is confident that direction and approximate magnitude of the estimated economic
impacts are reasonable, it is important to understand that the IMPLAN model is a
simplification of extremely complex actions and interactions of individual, businesses,
and other organizations as they respond to changes in energy efficiency codes. In all
aspect of this economic analysis, the CASE Authors rely on conservative assumptions
regarding the likely economic benefits associated with the proposed code change. By

5 IMPLAN (Impact Analysis for Planning) software is an input-output model used to estimate the economic
effects of proposed policies and projects. IMPLAN is the most commonly used economic impact model
due to its ease of use and extensive detailed information on output, employment, and wage information.
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following this approach, the Statewide CASE Team believes the economic impacts
presented below represent lower bound estimates of the actual impacts associated with
this proposed code change.

Adoption of this code change proposal would result in relatively modest economic
impacts through the additional direct spending by those in the residential building and
remodeling industry and building inspectors, as well as indirectly as residents spend all
or some of the money saved through lower utility bills on other economic

activities. There may also be some non-residential customers that are impacted by this
proposed code change; however, the Statewide CASE Team does not anticipate such
impacts to be materially important to the building owner or have measurable economic
impacts. Table 17, Table 18, and Table 19 demonstrate economic impacts based on the
estimated additional spending from the proposed submeasures. These figures assume
that there would be no reduction in the number of homes completing relevant projects
as a direct result of these proposed code changes. Estimated impacts to the residential
construction sector and on discretionary spending by residents is based on the
incremental cost and energy savings presented in this report for each submeasure.
Estimated impacts to building inspectors are based on an increase of additional time
required for plan review and inspection of 15 minutes per single family or multifamily
building.
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Table 17: Estimated Impact that Adoption of the Proposed Measure would have
on the California Residential Construction Sector

Sub-
Measure

Cool
Roof
Requirem
ents for
Steep-
Slope
Roofs

Cool
Roof
Requirem
ents for
Low-
Slope
Roofs

Roof
Insulation
Requirem
ents for
Low-

Type of Economic
Impact

Direct Effects
(Additional spending
by Residential
Builders)

Indirect Effect
(Additional spending
by firms supporting
Residential Builders)
Induced Effect
(Spending by
employees of firms
experiencing “direct”
or “indirect” effects)

Total Submeasure
Impacts

Direct Effects
(Additional spending
by Residential
Builders)

Indirect Effect
(Additional spending
by firms supporting
Residential Builders)
Induced Effect
(Spending by
employees of firms
experiencing “direct”
or “indirect” effects)

Total Submeasure
Impacts

Direct Effects
(Additional spending
by Residential
Builders)

Indirect Effect
(Additional spending

Employ
ment

400.6

154.6

189.7

744.9

900.9

347.7

426.8

1,675.4

3,244.9

1,252.4

Labor
Income

$25,677,314

$9,910,118

$10,578,832

$46,166,263

$57,754,187

$22,290,136

$23,794,227

Total Value
Added

$43,275,601

$15,446,893

$18,930,656

$77,653,150

$97,336,785

$34,743,617

$42,579,400

Output

$70,272,563

$27,431,106

$30,902,430

$128,606,099

$158,059,165

$61,698,869

$69,506,676

$103,838,549 $174,659,803 $289,264,710

$208,015,363 $350,581,454

$80,283,196  $125,137,355

$569,287,467

$222,223,071
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Sub- Type of Economic

Measure

Slope by firms supporting
Roofs Residential Builders)

Induced Effect

(Spending by

employees of firms 1,537.1
experiencing “direct”

or “indirect” effects)

Total Submeasure
Impacts

Total Economic Impacts

Employ Labor  Total Value
Impact ment Income Added

Output

$85,700,535 $153,359,781  $250,344,733

6,034.4 $373,999,094 $629,078,591 $1,041,855,270
8,454.70 $524,003,906 $881,391,544 $1,459,726,079

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.

Table 18: Estimated Impact that Adoption of the Proposed Measure would have
on California Building Inspectors

Sub-Measure

Cool Roof
Requirements
for Steep-
Slope Roofs

Cool Roof
Requirements
for Low-Slope
Roofs

] Total
Type of Economic Employ Labor Value Output
Impact ment Income Added

Direct Effects
(Additional spending
by Building
Inspectors)

Indirect Effect
(Additional spending
by firms supporting
Building Inspectors)
Induced Effect
(Spending by
employees of
Building Inspection
Bureaus and
Departments)

Total Submeasure
Impacts

Direct Effects
(Additional spending
by Building
Inspectors)

Indirect Effect
(Additional spending

9.1 $914,414  $1,081,315 $1,292,510

1.0 $72,601 $116,975  $202,923

5.3 $296,639  $530,689  $866,560

15.4 $1,283,653 $1,728,979 $2,361,993

5.9 $593,792  $702,173  $839,316

0.6 $47,145 $75,960 $131,772
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Total

Sub-Measure Type ?;Ecazgp omic Emnp:(l:z Inlt_:?)?r?e" Value Output
P Added
by firms supporting

Building Inspectors)

Induced Effect
(Spending by
employees of
Building Inspection
Bureaus and
Departments)

Total Submeasure
Impacts

Direct Effects
(Additional spending

3.4 $192,628  $344,613  $562,718

10.0 $833,565 $1,122,746 $1,533,806

5.4 $538,576 = $636,878  $761,269

by Building
Inspectors)
Indirect Effect
Roof (Additional spending
Insulation . . 0.6 $42,761 $68,897 $119,519
: by firms supporting
Requirements I
Building Inspectors)
for Low-Slope
Roofs Induced Effect

(Spending by
employees of
Building Inspection
Bureaus and

3.1 $174,716  $312,568  $510,391

Departments)
Total Submeasure
9.0 $756,053 $1,018,343 $1,391,179
Impacts
Total Economic Impacts 3440 $2,873,271 $3,870,068 $5,286,978

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.

Table 19: Estimated Impact that Adoption of the Proposed Measure would have
on Discretionary Spending by California Residents

Type of
Sub- Economic Employ | vorincome  1otal Value

Measure ment Added
Impact

Cool Roof Direct Effects
Requiremen (Additional

ts for Steep- spending by
Slope Roofs households)

Output

300.5 $15,550,550  $28,602,065 $46,080,654
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Sub-
Measure

Cool Roof
Requiremen
ts for Low-
Slope Roofs

Type of
Economic
Impact

Indirect Effect
(Purchases by
businesses to
meet additional
household
spending)
Induced Effect
(Spending by
employees of
businesses
experiencing
“‘indirect” effects)
Total
Submeasure
Impacts

Direct Effects
(Additional
spending by
households)
Indirect Effect
(Purchases by
businesses to
meet additional
household
spending)
Induced Effect
(Spending by
employees of
businesses
experiencing
“‘indirect” effects)
Total
Submeasure
Impacts

Direct Effects
(Additional
spending by
households)

Employ Total Value
ment Labor Income Added

106.9 $7,333,723 $12,178,542

122.2 $6,828,480 $12,218,256

529.6 $29,712,753  $52,998,863

1,527.1  $79,029,260 $145,358,209

543.1 $37,270,627  $61,892,420

621.2 $34,702,937  $62,094,252

2,691.4 $151,002,823 $269,344,880

3,235.2 $167,425,381 $307,944,850

Output

$20,489,847

$19,947,236

$86,517,737

$234,185,931

$104,131,204

$101,373,605

$439,690,739

$496,128,509
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Type of

Sub- . Employ Total Value
Measure Economic ment Labor Income Added Output
Impact

Indirect Effect
(Purchases by
businesses io 1,150.6  $78,958,717 $131,120,575 $220,604,451
meet additional

ﬁ]cs),loj]lcation household

i

Requiremen spending)

ts for Low- Induceq Effect

Slope Roofs  (Spending by
gmp'oyeeSOf 1,316.0  $73,519,003 $131,548,162 $214,762,412
usinesses
experiencing
“‘indirect” effects)
Total
Submeasure 5,701.8 $319,903,101 $570,613,586 $931,495,372
Impacts

Total Economic Impacts 8,922.80 $500,618,677 $892,957,329 $1,457,703,848

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.

2.2.4.1 Creation or Elimination of Jobs

The Statewide CASE Team does not anticipate that the measures proposed for the
2022 code cycle regulation would lead to the creation of new types of jobs or the
elimination of existing types of jobs. In other words, the Statewide CASE Team’s
proposed change would not result in economic disruption to any sector of the California
economy. Rather, the estimates of economic impacts discussed in Section 2.2.4

would lead to modest changes in employment of existing jobs.

2.2.4.2 Creation or Elimination of Businesses in California

As stated in Section 2.2.4.1, the Statewide CASE Team’s proposed change would not
result in economic disruption to any sector of the California economy. The proposed
change represents a modest change to cool roof and insulation requirements at roof
replacement, which would not excessively burden or competitively disadvantage
California businesses — nor would it necessarily lead to a competitive advantage for
California businesses. Therefore, the Statewide CASE Team does not foresee any new
businesses being created, nor does the Statewide CASE Team think any existing
businesses would be eliminated due to the proposed code changes to the California
Energy Code.
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2.2.4.3 Competitive Advantages or Disadvantages for Businesses in California

The proposed code changes would apply to all businesses incorporated in California,
regardless of whether the business is located inside or outside of the state.® Therefore,
the Statewide CASE Team does not anticipate that these measures proposed for

the 2022 code cycle regulation would have an adverse effect on the competitiveness of
California businesses. Likewise, the Statewide CASE Team does not anticipate
businesses located outside of California would be advantaged or disadvantaged.

2.2.4.4 Increase or Decrease of Investments in the State of California

The Statewide CASE Team analyzed national data on corporate profits and capital
investment by businesses that expand a firm’s capital stock (referred to as net private
domestic investment, or NPDI).” As Table 20 shows between 2015 and 2019, NPDI as
a percentage of corporate profits ranged from 26 to 35 percent, and the average was 31
percent. While only an approximation of the proportion of business income used for net
capital investment, the Statewide CASE Team believes it provides a reasonable
estimate of the proportion of proprietor income that would be reinvested by business
owners into expanding their capital stock.

Table 20: Net Domestic Private Investment and Corporate Profits, U.S.

Net Domestic Private Corporate Profits Ratio of Net Private

Year Investment by Businesses, After Taxes, Billions Investment to

Billions of Dollars of Dollars Corporate Profits
2015 609.245 1,740.349 35%
2016 455.980 1,739.838 26%
2017 509.276 1,813.552 28%
2018 618.247 1,843.713 34%
2019 580.849 1,826.971 32%
5-Year Average 31%

Source: (Federal Reserve Economic Data n.d.)

The estimated increase in investment in California is $52.7 million. The Statewide CASE
Team does not anticipate that the economic impacts associated with the proposed

6 Gov. Code, §§ 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR § 2003(a)(3) Competitive advantages or
disadvantages for California businesses currently doing business in the state.

7 Net private domestic investment is the total amount of investment in capital by the business sector that
is used to expand the capital stock, rather than maintain or replace due to depreciation. Corporate profit is
the money left after a corporation pays its expenses.
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measure would lead to significant change (increase or decrease) in investment in any
directly or indirectly affected sectors of California’s economy. Nevertheless, the
Statewide CASE Team is able to derive a reasonable estimate of the change in
investment by California businesses by multiplying the sum of Business Income
estimated in Table 17 through Table 19 above by 31 percent.

2.2.4.5 Effects on the State General Fund, State Special Funds, and Local
Governments

The Statewide CASE Team does not expect the proposed code changes to have a
measurable impact on the California’s General Fund, any state special funds, or local
government funds.

Cost of Enforcement

Cost to the State

State government already has budget for code development, education, and
compliance enforcement. While state government would be allocating resources to
update the Title 24, Part 6 Standards, including updating education and compliance
materials and responding to questions about the revised requirements, these activities
are already covered by existing state budgets. The costs to state government are small
when compared to the overall costs savings and policy benefits associated with the
code change proposals. Because the proposed code change applies to residential
buildings alone, impact to state buildings is not expected.

Cost to Local Governments

All revisions to Title 24, Part 6 would result in changes to compliance determinations.
Local governments would need to train building department staff on the revised Title 24,
Part 6 Standards. While this re-training is an expense to local governments, it is not a
new cost associated with the 2022 code change cycle. The building code is updated on
a triennial basis, and local governments plan and budget for retraining every time the
code is updated. There are numerous resources available to local governments to
support compliance training that can help mitigate the cost of retraining, including tools,
training and resources provided by the IOU codes and standards program (such as
Energy Code Ace). As noted in Section 2.1.5 and Appendix F, the Statewide CASE
Team considered how the proposed code change might impact various market actors
involved in the compliance and enforcement process and aimed to minimize negative
impacts on local governments.

2.2.4.6 Impacts on Specific Persons

While the objective of any of the Statewide CASE Team’s proposal is to promote energy
efficiency, the Statewide CASE Team recognizes that there is the potential that a
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proposed code changes may result in unintended consequences. The Statewide CASE
Team does not expect that the proposed submeasures would result in negative impacts
on specific persons.

2.3 Energy Savings

As of the Draft CASE Report’s date of publication, the Energy Commission has not
released the final 2022 TDV factors that are used to evaluate TDV energy savings and
cost effectiveness. The energy and cost analysis presented in this report used the TDV
factors that were released in the 2022 CBECC-Res research version that was released
in December 2019. These TDV factors were consistent with the TDV factors that the
Energy Commission presented during their public workshop on compliance metrics held
October 17, 2019 (California Energy Commission 2019). The electricity TDV factors did
not include the 15 percent retail adder and the natural gas TDV factors did not include
the impact of methane leakage on the building site, updates that the Energy
Commission presented during their workshop on March 27, 2020. Presentations from
Bruce Wilcox and NORESCO during the March 27, 2020 workshop indicated that the 15
percent retail adder and methane leakage would result in most energy efficiency
measures having slightly higher TDV energy and energy cost savings than using the
TDV factors without these refinements. As a result, the TDV energy savings presented
in this report are lower than the values that would have been obtained using TDV with
the 15 percent retail adder and methane leakage, and the proposed code changes
would be more cost effective using the revised TDV. The Energy Commission notified
the Statewide CASE Team on April 21, 2020 that they were investigating further
refinements to TDV factors using 20-year global warming potential (GWP) values
instead of the 100-year GWP values that were used to derive the current TDV factors. It
is anticipated that the 20-year GWP values may increase the TDV factors slightly
making proposed changes that improve energy efficiency more cost effective. Energy
savings presented in kWh and therms are not affected by TDV or demand factors.

When the Energy Commission releases the final TDV factors, the Statewide CASE
Team will consider the need to re-evaluate energy savings and cost-effectiveness
analyses using the final TDV factors for the results that will be presented in the Final
CASE Report.

The Energy Commission is developing a source energy metric (energy design rating or
EDR 1) for the 2022 code cycle. As of the date this Draft CASE Report was published,
the source energy metric has not been finalized and the Energy Commission has not
provided guidance on analyses they would like to see regarding the impact of proposed
code changes relative to the source energy metric. Pending guidance from the Energy
Commission, the Final CASE Reports may include analyses on the source energy
metric.
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2.3.1 Key Assumptions for Energy Savings Analysis

The energy savings analysis relies on results of California Building Energy Code
Compliance (CBECC) software simulations to estimate energy use for single family and
multifamily prototype buildings. Various scenarios were evaluated comparing different
aged solar reflectance values and roof insulation values against a range of basecase
conditions (attic and roof insulation level, duct location, and heating, ventilation, and air
conditioning (HVAC) system efficiency). The prototypes evaluated use natural gas for
space heating, water heating, cooking, and clothes drying, and represent the majority of
the existing residential buildings in California (see Appendix H for further details). All
sixteen climate zones were evaluated though ultimately, each submeasure is
recommended only in a subset of climate zones based on the cost effectiveness results.

2.3.2 Energy Savings Methodology

2.3.2.1 Energy Savings Methodology per Prototypical Building

The Energy Commission directed the Statewide CASE Team to model the energy
impacts using specific prototypical building models that represent typical building
geometries for different types of buildings. These prototypes represent new construction
buildings and therefore in some cases, the prototypes were revised to better reflect the
existing building stock relative to new construction. The prototype buildings that the
Statewide CASE Team used in the analysis are presented in Table 21. Refer to
Appendix H for further details on the prototypes.

These proposals impact single family and multifamily buildings. In addition to the single
family alteration prototype, the measures were evaluated for the low-rise garden
prototype. The low-rise loaded corridor prototype was not evaluated because the energy
savings and cost effectiveness are expected to be very similar to the low-rise garden
prototype.

Table 21: Prototype Buildings Used for Energy, Demand, Cost, and Environmental
Impacts Analysis

Prototype Number of Floor Area Descriotion Measures
Name Stories (square feet) P evaluated
Single story
house. 8-ft
ceilings. 2 Steep-slope

cool roof, Low-

Slngle.Famlly 1 1,665 variations: steep- slope cool roof,
Alteration slope roof above Low-slope
attic with ducts in insulation

attic; low-slope
roof with ducts in
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Prototype Number of Floor Area . Measures
Description

Name Stories (square feet) evaluated
conditioned
space.
2-story, 8-unit
apartment
building. Average
dwelling unit size:
870 ft2. Individual Steep-slope
. HVAC & DHW P-S1oP
Low-Rise svstems. 2 cool roof, Low-
Garden 2 6,960 S - slope cool roof,
P variations: steep-
Multifamily Low-slope
slope roof above . :
insulation

attic with ducts in
attic; low-slope
roof with ducts in
conditioned
space.

The Statewide CASE Team estimated energy and demand impacts by simulating the
proposed code change using the 2022 Research Version of the CBECC software for
residential buildings (CBECC-Res for low-rise residential (California Energy
Commission 2019c).

CBECC-Res generates two models based on user inputs: the Standard Design and the
Proposed Design.? The Standard Design represents the geometry of the design that the
builder would like to build and inserts a defined set of features that result in an energy
budget that is minimally compliant with 2019 Title 24, Part 6 code requirements.
Features used in the Standard Design are described in the 2019 Residential ACM
Reference Manual. The Proposed Design represents the same geometry as the
Standard Design, but it assumes the energy features that the software user describes
with user inputs. To develop savings estimates for the proposed code changes, the
Statewide CASE Team created a Standard Design and Proposed Design for each
prototypical building.

There is an existing Title 24, Part 6 requirement that covers the building system in
question, so the Standard Design is minimally compliant with the 2019 Title 24

8 CBECC-Res creates a third model, the Reference Design, that represents a building similar to the
Proposed Design, but with construction and equipment parameters that are minimally compliant with the
2006 International Energy Conservation Code (IECC). The Statewide CASE Team did not use the
Reference Design for energy impacts evaluations.
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requirements with two exceptions for alterations. For single family buildings the
Standard Design applied in this analysis differs from that calculated from the CBECC-
Res software in one respect. The existing condition building infiltration assigned to the
existing home (10 ACH50) is not reflected in the CBECC-Res Standard Design
calculation per the ACM rules. For multifamily buildings the Standard Design applied in
this analysis differs from that calculated from the CBECC-Res software in one respect.
Ductwork was located within the vented attic, which is common for this building type,
while the CBECC-Res Standard Design for multifamily buildings assumes that ductwork
is located within conditioned space. Therefore, two simulations were conducted for each
submeasure: one to represent the revised Standard Design and another to represent
the Proposed Design. Refer to Appendix H for additional details.

The Proposed Design was identical to the Standard Design in all ways except for the
revisions that represent the proposed changes to the code. Table 22 and Table 23
present precisely which parameters were modified and what values were used in the
Standard Design and Proposed Design. Specifically, the proposed conditions assume a
new roof with a thermal emittance of 0.75 and a solar reflectance of 0.20 for steep-slope
roofs and 0.65 for low-slope roofs. For the roof insulation measure the proposed
conditions assume R-14 continuous insulation at the roof deck and the roof reflectivity
and emittance remain the same across the Standard and Proposed Design.

Comparing the energy impacts of the Standard Design to the Proposed Design reveals
the impacts of the proposed code change relative to a building that is minimally
compliant with the 2019 Title 24, Part 6 requirements.

Table 22: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change for Cool Roofs

Standard Proposed
Climate Design Design
Prototype ID Zone Parameter Name Parameter Parameter
Value Value
Attic: Sol.
Single Family Alteration Reflectance 0.10 0.20
& Low-Rise Garden All Attic: IR
Multifamily: Steep-Slope :
ultifamily p p Emittance 0.85 0.75
Cathedral Ceiling:
Single Family Alteration Solar Reflectancge 0.10 0.65
& Low-Rise Garden All L
Multifamily: Low-Slope Cathedral Celling: | ) oz 0.75

IR Emittance
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Table 23: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change for Roof Insulation

Standard Proposed

Climate Design Design
Prototype ID Zone Parameter Name Parameter Parameter
Value Value
_ . Construction Assembly
Single Family (Cathedral Ceilings): . "I‘Ot. - Rlﬁ.
Alteration & Low-Rise All Above Deck Insulation =~ 'mod@ton eathing
Garden Multifamily: Attic: Sol. Reflectance 0.10 0.10
Low-Slope
Attic: IR Emittance 0.85 0.85

CBECC-Res calculates whole-building energy consumption for every hour of the year
measured in kilowatt-hours per year (kWh/yr) and therms per year (therms/yr). It then
applies the 2022 time dependent valuation (TDV) factors to calculate annual energy use
in kilo British thermal units per year (TDV kBtu/yr) and annual peak electricity demand
reductions measured in kilowatts (kW). CBECC-Res also generates TDV energy cost
savings values measured in 2023 present value dollars (2023 PV$) and nominal dollars.

The Statewide CASE Team simulated the energy impacts in every climate zone and
applied the climate-zone specific TDV factors when calculating energy and energy cost
impacts.

Per unit energy impacts for single family buildings are presented in savings per
prototype building. Per-unit energy impacts for multifamily buildings are presented in
savings per dwelling unit. Annual energy and peak demand impacts for each prototype
building were translated into impacts per dwelling unit by dividing by the number of
dwelling units in the prototype building.

2.3.2.2 Statewide Energy Savings Methodology

The per-unit energy impacts were extrapolated to statewide impacts using the
Statewide Construction Forecasts that the Energy Commission provided (California
Energy Commission 2019d). The Statewide Construction Forecasts estimate the size of
the total existing building stock by building type and climate zone in 2023, the first year
that the 2022 Title 24, Part 6 requirements are in effect. In order to translate per unit
savings to statewide energy impacts, The Statewide CASE Team conducted research
to determine appropriate weighting factors for each submeasure. Table 24 through
Table 26 present the prototypical buildings and weighting factors used for the cool roof
and roof insulation submeasures. The percent of building type represented by prototype
is 100 percent for single family since there is only a single prototype. The portion of
multifamily impacted is based on the portion of total California multifamily dwelling units
in buildings three stories or less, according to the CoStar database (CoStar 2018). The
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percent of prototype impacted by the proposed code change is estimated based on the
2009 Residential Appliance Saturation Study (California Energy Commission 2009) to
determine the breakdown between steep-slope and low-slope roofs and assuming 7
percent of roofs are replaced annually (Roofing Contractor 2013). Appendix A presents
additional information about the methodology and assumptions used to calculate

statewide energy impacts.

Table 24: Residential Building Types and Associated Prototype Weighting for the

Steep-Slope Cool Roof Submeasure

Building

Type ID from g, ;14ing Prototype for
Statewide Enerav Modelin
Construction ay g
Forecast

Single Family = Single Family Alteration
Multifamily Low-Rise Garden

Weighting Factors for Statewide Impacts

Analysis

% of Building % of Prototype Total

Type Impacted by L
Weighting
Represented Proposed Factor

by Prototype  Code Change

100% 1.58% 1.58%
84% 1.24% 1.04%

Table 25: Residential Building Types and Associated Prototype Weighting for the

Low-Slope Cool Roof Submeasure

Building Type

ID from B iiding Prototype for

Statewide :
Construction Energy Modeling
Forecast
Single Family  Single Family Alteration
Multifamily Low-Rise Garden

Weighting Factors for Statewide Impacts

Analysis
% of Building % of Prototype Total
Type Impacted by Weighting
Represented Proposed Code Factor
by Prototype Change
100% 0.91% 0.91%
84% 3.19% 2.68%

Table 26: Residential Building Types and Associated Prototype Weighting for the

Low-Slope Roof Insulation Submeasure

Building Type

IDfrom B, iiding Prototype for

Statewide :
Construction Energy Modeling
Forecast
Single Family = Single Family Alteration
Multifamily Low-Rise Garden

2.3.3 Per-Unit Energy Impacts Results

Weighting Factors for Statewide Impacts

Analysis
% of Building % of Prototype Total
Type Impacted by Weighting
Represented Proposed Code Factor
by Prototype Change
100% 0.83% 0.83%
84% 2.76% 2.32%
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2.3.3.1 Cool Roofs at Roof Replacement

Energy savings and peak demand reductions per unit are presented in Table 27 through
Table 30. The per-unit energy savings figures do not account for naturally occurring
market adoption or compliance rates. Positive values indicate energy savings while
negative values indicate an increase in energy use. For the single family prototype per-
unit electricity savings for the first year for steep-slope roofs are expected to range from
-4 (an increase in electricity use) to 68 kWh/yr depending upon climate zone. Natural
gas use increases from 0 to 5 therms/yr depending on climate zone. Peak demand
reductions are expected to range between 0 kW and 0.051 kW depending on climate
zone.

Per-unit electricity savings for the first year for single family low-slope roofs are
expected to range from -66 (an increase in electricity use) to 706 kWh/yr depending
upon climate zone. Natural gas use increases from 12 to 81 therms/yr depending on
climate zone. Peak demand reductions are expected to range between 0 kW and 0.383
kW depending on climate zone.

Since this submeasure reduces heat gain through the roofing surface and into the
building, heating energy use increases, which is why there is an increase in natural gas
use in all climate zones. There is also an increase in electricity use in Climate Zone 1,
which is due to an increase in heating fan energy use.

These savings figures are relative to an existing building with R-19 attic or roof
insulation and ducts in the attic. As is discussed in Appendix H, these measures were
evaluated against a base case with both R-11 and R-19 insulation.

Table 27: Steep-Slope Cool Roof First-Year Energy Impacts Per Home - Single
Family Alteration

Climate Electr_icity Peak Electr_icity Natural _Gas TDV En(_argy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtul/yr)

1 -4 0.000 -4.6 -1,532

2 28 0.017 -1.1 1,615
3 3 0.008 -1.5 499

4 55 0.051 -0.9 2,747

5 2 0.000 -1.5 -283

6 43 0.034 -0.5 1,632

7 38 0.029 -0.4 1,315

8 68 0.027 -0.1 3,596

9 63 0.044 -0.2 3,546
10 N/A N/A N/A N/A
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Electricity Peak Electricity Natural Gas TDV Energy

CIZi:)nnaete Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtul/yr)

11 N/A N/A N/A N/A

12 N/A N/A N/A N/A

13 N/A N/A N/A N/A

14 N/A N/A N/A N/A

15 N/A N/A N/A N/A

16 28 0.026 -1.7 216

Table 28: Steep-Slope Cool Roof First-Year Energy Impacts Per Home — Low-Rise
Garden Multifamily

Climate Electr_icity Peak Electr_icity Natural _Gas TDV Ent_argy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtul/yr)

1 0 0.000 -0.6 -200

2 15 0.005 -0.1 948

3 4 0.003 -0.2 261

4 22 0.013 -0.1 1,488

5 3 0.001 -0.2 78

6 18 0.010 -0.1 618

7 18 0.005 0.0 505

8 28 0.003 0.0 1,618

9 27 0.020 0.0 1,114
10 N/A N/A N/A N/A
11 N/A N/A N/A N/A
12 N/A N/A N/A N/A
13 N/A N/A N/A N/A
14 N/A N/A N/A N/A
15 N/A N/A N/A N/A
16 13 0.004 -0.3 209

Table 29: Low-Slope Cool Roof First-Year Energy Impacts Per Home — Single
Family Alteration

Climat Electricity Peak Electricity Natural Gas TDV Energy
ZTnaee Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (therms/yr) (TDV kBtulyr)

1 -66 -0.001 -81.2 -27,989
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Electricity Peak Electricity Natural Gas TDV Energy

CIZi:)nna:e Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtul/yr)

2 228 0.164 -42.1 3,413
3 18 0.043 -31.8 -2,631
4 470 0.378 -25.8 12,920
5 -2 0.002 -37.8 -11,622
6 365 0.255 -14.0 10,023
7 330 0.270 -11.6 8,558
8 636 0.315 -17.4 22,378
9 563 0.383 -21.8 14,868
10 701 0.275 -22.6 16,966
11 706 0.340 -28.7 17,882
12 529 0.368 -31.0 13,203
13 N/A N/A N/A N/A
14 644 0.350 -41.9 13,886
15 N/A N/A N/A N/A
16 244 0.262 -63.2 -14,902

Table 30: Low-Slope Cool Roof First-Year Energy Impacts Per Home — Low-Rise
Garden Multifamily

Climate Electr_icity Peak Electr_icity Natural _Gas TDV En?rgy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermslyr) (TDV kBtulyr)

1 -7 0.001 -15.3 -5,229

2 107 0.052 -8.0 2,175

3 28 0.022 -5.5 244

4 135 0.088 -4.7 3,097

5 27 0.020 -6.5 -1,027

6 126 0.063 -2.2 3,228

7 121 0.070 -1.5 3,228

8 194 0.073 -3.2 5,916

9 174 0.089 -4.0 4,550
10 204 0.058 -4.6 4,750
11 185 0.066 -5.9 4,594
12 157 0.092 -6.3 4,159
13 N/A N/A N/A N/A
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Electricity Peak Electricity Natural Gas TDV Energy

CIZi:)nna:e Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtulyr)

14 174 0.045 -8.8 3,950
15 N/A N/A N/A N/A

16 99 0.060 -12.5 -1,862

2.3.3.2 Roof Insulation at Low-Slope Roof Replacement

Energy savings and peak demand reductions per unit are presented in Table 31 through
Table 32. The per-unit energy savings figures do not account for naturally occurring
market adoption or compliance rates. Single family prototype per-unit savings for the
first year are expected to range from 88 to 2,078 kWh/yr and 15 to 128 therms/yr
depending upon climate zone. Demand reductions are expected to range between
0.002 kW and 0.462 kW depending on climate zone.

These savings figures are relative to an existing building with R-11 attic or roof
insulation. As is discussed in Appendix H, these measures were evaluated against a
baseline with both R-11 and R-19 insulation. The results from the R-11 baseline
analysis were used to define the climate zones where the proposed code change
applies; results from the R-19 baseline were used to qualify some of the allowable
exceptions. Additional analysis results can be found in Appendix I.

Table 31: Low-Slope Roof Insulation First-Year Energy Impacts Per Home — Single
Family Alteration

Climate Electr_icity Peak Electr_icity Natural _Gas TDV En(_argy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtulyr)

1 88 0.002 99.0 36,697

2 451 0.177 64.9 48,635

3 112 0.059 50.4 28,888

4 626 0.295 45.9 44,272

5 91 0.012 48.8 20,929

6 446 0.133 20.6 22,661

7 408 0.117 16.1 16,983

8 805 0.132 22.5 47,519

9 746 0.357 28.5 42,591
10 969 0.136 34.0 47,286
11 1,106 0.288 67.0 68,898
12 823 0.359 61.8 58,791
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Electricity Peak Electricity Natural Gas TDV Energy

CIZi:)nnaete Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtul/yr)

13 1,389 0.462 45.7 72,261

14 1,006 0.321 68.2 68,864

15 2,078 0.233 14.6 75,524

16 445 0.164 127.8 56,310

Table 32: Low-Slope Roof Insulation First-Year Energy Impacts Per Home — Low-
Rise Garden Multifamily

Climate Electr_icity Peak Electr_icity Natural .Gas TDV Em.argy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtulyr)

1 18 0.001 26.4 9,527

2 143 0.040 16.4 12,119

3 41 0.018 12.2 6,490

4 155 0.044 11.3 10,118
5 42 0.015 12.0 5,429

6 124 0.009 4.6 5,107

7 110 0.010 3.1 3,358

8 216 0.009 54 11,458

9 198 0.079 7.0 10,022
10 258 0.004 8.5 11,736
11 273 0.053 17.1 16,721
12 216 0.079 15.8 14,538
13 352 0.073 11.8 17,618
14 254 0.020 17.5 16,922
15 510 0.045 3.6 17,826
16 117 0.017 32.7 14,007

24 Cost and Cost Effectiveness

2.4.1 Energy Cost Savings Methodology

Energy cost savings were calculated by applying the TDV energy cost factors to the
energy savings estimates that were derived using the methodology described in Section
2.3.2. TDV is a normalized metric to calculate energy cost savings that accounts for the
variable cost of electricity and natural gas for each hour of the year, along with how
costs are expected to change over the period of analysis (30 years for residential
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measures). The TDV cost impacts are presented in nominal dollars and in 2023 present
value dollars and represent the energy cost savings realized over 30 years. TDV energy
cost factors of 0.173 2023 PV$/kBtu and 0.173 Nominal$/kBtu were applied.

2.4.2 Energy Cost Savings Results

2.4.2.1 Cool Roofs at Roof Replacement

Per-unit energy cost savings for newly constructed buildings and alterations that are
realized over the 30-year period of analysis are presented in 2023 dollars in Table 33
through Table 36. Positive values indicate cost savings while negative values indicate
an increase in cost. Further analysis showing the value in nominal dollars can be

found in Appendix B. The TDV methodology allows peak electricity savings to be valued
more than electricity savings during non-peak periods.

Table 33: Steep-Slope Cool Roof 2023 PV TDV Energy Cost Savings Over 30-Year
Period of Analysis — Per Prototype Home — Single Family Alterations

Climate 30-Year TDV Electr_icity 30-Year TDV Nat_ural Total 30-Year :I'DV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 -$17 -$248 -$265

2 $343 -$63 $279

3 $176 -$89 $86

4 $527 -$52 $475

5 $35 -$84 -$49

6 $314 -$32 $282

7 $251 -$23 $228

8 $631 -$9 $622

9 $625 -$12 $614
10 N/A N/A N/A
11 N/A N/A N/A
12 N/A N/A N/A
13 N/A N/A N/A
14 N/A N/A N/A
15 N/A N/A N/A
16 $127 -$89 $37
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Table 34: Steep-Slope Cool Roof 2023 PV TDV Energy Cost Savings Over 30-Year
Period of Analysis — Per Prototype Home — Low-Rise Garden Multifamily

Climate 30-Year TDV Electr_icity 30-Year TDV Nat_ural Total 30-Year :I'DV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 -$2 -$33 -$35

2 $169 -$5 $164

3 $57 -$12 $45

4 $262 -$5 $257

5 $24 -$11 $14

6 $111 -$5 $107

7 $90 -$3 $87

8 $280 $0 $280

9 $193 $0 $193
10 N/A N/A N/A
11 N/A N/A N/A
12 N/A N/A N/A
13 N/A N/A N/A
14 N/A N/A N/A
15 N/A N/A N/A
16 $50 -$14 $36

Table 35: Low-Slope Cool Roof 2023 PV TDV Energy Cost Savings Over 30-Year
Period of Analysis — Per Prototype Home — Single Family Alterations

Climate 30-Year TDV Electr_icity 30-Year TDV Nat.ural Total 30-Year :I'DV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 -$317 -$4,525 -$4,842

2 $3,065 -$2,474 $590

3 $1,420 -$1,875 -$455

4 $3,773 -$1,538 $2,235

5 $199 -$2,209 -$2,011

6 $2,587 -$853 $1,734

7 $2,195 -$714 $1,481

8 $4,928 -$1,057 $3,871

9 $3,889 -$1,316 $2,572
10 $4,309 -$1,374 $2,935
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30-Year TDV Electricity 30-Year TDV Natural Total 30-Year TDV

CIZi:)nnaete Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

11 $4,790 -$1,697 $3,094

12 $4,116 -$1,832 $2,284
13 N/A N/A N/A
14 $4,923 -$2,520 $2,402
15 N/A N/A N/A
16 $1,080 -$3,658 -$2,578

Table 36: Low-Slope Cool Roof 2023 PV TDV Energy Cost Savings Over 30-Year
Period of Analysis — Per Prototype Home — Low-Rise Garden Multifamily

Climate 30-Year TDV Electr_icity 30-Year TDV Nat_ural Total 30-Year :I'DV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 -$48 -$856 -$905

2 $850 -$474 $376

3 $370 -$328 $42

4 $819 -$283 $536

5 $203 -$381 -$178

6 $694 -$135 $558

7 $653 -$95 $558

8 $1,218 -$194 $1,023
9 $1,028 -$241 $787
10 $1,103 -$281 $822
11 $1,145 -$351 $795
12 $1,096 -$376 $719
13 N/A N/A N/A
14 $1,215 -$531 $683
15 N/A N/A N/A
16 $403 -$725 -$322

2.4.2.2 Roof Insulation at Low-Slope Roof Replacement

Per-unit energy cost savings for newly constructed buildings and alterations that are
realized over the 30-year period of analysis are presented in 2023 dollars in Table 37
through Table 38. Further analysis showing the value in nominal dollars can be found in
Appendix B. The TDV methodology allows peak electricity savings to be valued more
than electricity savings during non-peak periods.
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These savings figures are relative to an existing building with R-11 attic or roof
insulation. As is discussed in Appendix H, these measures were evaluated against a
baseline with both R-11 and R-19 insulation. Additional analysis results can be found in
Appendix .

Table 37: Low-Slope Roof Insulation 2023 PV TDV Energy Cost Savings Over 30-
Year Period of Analysis — Per Prototype Home — Single Family Alterations

Climate 30-Year TDV Electr_icity 30-Year TDV Nat.ural Total 30-Year :I'DV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 $495 $5,853 $6,349

2 $4,491 $3,923 $8,414

3 $1,953 $3,045 $4,998

4 $4,871 $2,788 $7,659

5 $677 $2,944 $3,621

6 $2,659 $1,262 $3,920

7 $1,947 $991 $2,938

8 $6,844 $1,377 $8,221

9 $5,628 $1,740 $7,368
10 $6,104 $2,077 $8,180
11 $7,849 $4,070 $11,919
12 $6,421 $3,750 $10,171
13 $9,713 $2,788 $12,501
14 $7,763 $4,151 $11,914
15 $12,173 $893 $13,066
16 $2,085 $7,656 $9,742

Table 38: Low-Slope Roof Insulation 2023 PV TDV Energy Cost Savings Over 30-
Year Period of Analysis — Per Prototype Home — Low-Rise Garden Multifamily

Climate 30-Year TDV Electr.icity 30-Year TDV Nat.ural Total 30-Year :I'DV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PVS$) (2023 PV$) (2023 PV$)

1 $95 $1,553 $1,648

2 $1,105 $992 $2,097

3 $382 $741 $1,123

4 $1,066 $685 $1,750

5 $218 $721 $939

6 $604 $280 $883
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30-Year TDV Electricity 30-Year TDV Natural Total 30-Year TDV

Cg:)nna:e Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PVS$) (2023 PV$) (2023 PV$)

7 $391 $190 $581
8 $1,651 $331 $1,982
9 $1,308 $426 $1,734
10 $1,508 $522 $2,030
11 $1,851 $1,042 $2,893
12 $1,558 $957 $2,515
13 $2,328 $719 $3,048
14 $1,862 $1,066 $2,927
15 $2,863 $221 $3,084
16 $471 $1,952 $2,423

2.4.3 Incremental First Cost

2.4.3.1 Cool Roofs at Roof Replacement

Incremental costs for this measure reflect the difference between replacing a standard
roof that does not meet the prescriptive minimum aged solar reflectance and thermal
emissivity values with one that does. For steep-slope roofs, the costs are based on
asphalt shingles, which are used on approximately 80 percent of homes in the U.S
(Levinson, et al. 2016). Estimated costs were collected from previous research reports
including recent reach code analysis ( (TRC 2016a) (TRC 2016b) (Statewide Reach
Code Team 2019)) and the 2013 residential cool roof CASE Report (Statewide CASE
Team 2011a), one roofing contractor during stakeholder interviews, and online product
research. Incremental costs for cool roofing products ranged from $0 to $0.55 per
square foot of roof relative to non-cool products. The high end of this range, $0.55 per
square foot, was a cost point in Climate Zone 3 where costs are substantially higher
than the rest of the state. The estimated incremental cost used in this analysis is $0.19
per square foot of roof. This is based on an average of all the cost points for a 0.20
solar reflectance product obtained from the Statewide CASE Team’s research and
normalized to the regions where this measure is proposed, specifically Climate Zones 4,
8 and 9. This covers material costs only; there is no incremental labor cost for this
measure.

For low-slope roofs the costs are based on an asphalt-based modified bitumen roofing
product. A 2015 study by the National Roofing Contractor’'s Association estimated that
the largest segments of the low-slope roofing market were represented by thermoplastic
polyolefin, or TPO, at 30 percent, EPDM rubber at 25 percent, modified bitumen at 12
percent, and built up roofing at 7 percent (Klutz, Dutton and Davis 2018). A TPO or
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EPDM membrane type roof is generally more expensive than asphalt; however, there is
no incremental cost for a membrane cool roof as most of the products available meet
the minimum 0.63 aged solar reflectance cool. While data shows that a modified
bitumen roof may not be the most common roofing product, assuming this roof type for
purposes of cost estimates provides a more conservative basis when demonstrating
cost effectiveness. Estimated costs were collected from previous research reports
including recent reach code analysis (TRC 2016b),the 2013 nonresidential cool roof
CASE Report (Statewide CASE Team 2011b), and one roofing contractor during
stakeholder interviews. Costs ranged from $0.17 to $0.84 per square foot of roof. The
estimated incremental cost used in this analysis is $0.53 per square foot of roof, which
is the estimate provided by the roofing contractor for an asphalt-based cap sheet
product. This covers material costs; there is no incremental labor cost for this measure.

Table 39 summarizes the total cost for the single family and low-rise multifamily
prototypes for both the steep-slope and low-slope cool roof measures and the
assumptions for roof area. Roof area for the steep-slope prototypes is based on a 5:12
pitch roof.

Table 39: First Cost Summary for Cool Roofs
Steep-Slope Low-Slope

Single Multifamily Single Multifamily
Family (building) Family (building)

Incremental cost per square foot

of roof area $0.189 $0.189 $0.525 $0.525
Square foot of roof area 1,804 4176 1,665 3,480
Total Incremental First Cost $341 $790 $874 $1,827

2.4.3.2 Roof Insulation at Low-Slope Roof Replacement

Incremental costs for this measure reflect the difference between installing a new roof
on an existing low-slope roof with and without above roof deck insulation. Cost
estimates were obtained from online product research and interviews with stakeholders.
The estimated incremental cost used in this analysis is $3.41 per square foot of roof.
Material costs of $2.12 per square foot of roof are based on cost data found online. The
labor cost of $1.29 per square foot of roof is extrapolated based on costs provided by
roofing contractors for installation of above roof deck insulation on steep-slope roofs.
The steep- slope labor costs were roughly doubled to be conservative and arrive at the
$1.29 figure.

Table 40 summarizes the total cost for the single family and low-rise multifamily
prototypes for the low-slope roof insulation measure and the assumptions for roof area.
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Table 40: First Cost Summary for Low-Slope Roof Insulation
Low-Slope

Single Family Multifamily(building)

Incremental cost per square foot of roof area $3.406 $3.406
Square foot of roof area 1,665 3,480
Total Incremental First Cost $5,671 $11,853

2.4.4 Incremental Maintenance and Replacement Costs

Incremental maintenance cost is the incremental cost of replacing the equipment or
parts of the equipment, as well as periodic maintenance required to keep the equipment
operating relative to current practices over the 30-year period of analysis. The present
value of equipment maintenance costs (savings) was calculated using a 3 percent
discount rate (d), which is consistent with the discount rate used when developing the
2022 TDV. The present value of maintenance costs that occurs in the nt" year is
calculated as follows:

1 n
Present Value of Maintenance Cost = Maintenance Cost X ll n dJ

2.4.4.1 Cool Roofs at Roof Replacement

Research, based on conversations with stakeholders, industry data, and manufacturer
warranties, shows that asphalt shingles have a typical lifetime of 15 years to 30 years.
Lifetime depends on the installation quality as well as the grade of roofing product. For
this analysis an average lifetime of 20 year is assumed for an asphalt shingle roof. The
present values of the replacement costs at year 20 are calculated and based on the
incremental installed cost of $0.19 per square foot. At the end of the 30 year analysis
period the roof replaced at year 20 has a remaining life of 10 years. The remaining
value of this roof is calculated and subtracted from the total incremental cost. The total
present value of the incremental cost for this code change proposal is $0.26 per square
foot, see Table 41 for details.

Table 41: Steep-Slope Cool Roof Summary of Replacement Cost

Steep-Slope Asphalt
Shingle Cool Roof

Incremental First Cost $0.189 / square foot
Present Value of Replacement Cost at Year 20 $0.105 / square foot
Present Value of Remaining Useful Life at Year 30 -$0.039 / square foot
Total Present Value of Incremental Cost $0.255 / square foot
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For the low-slope cool roof submeasure, research and interviews with stakeholders
indicated that the life of a low-slope roof is dependent on the installation quality. Various
sources referenced lifetimes of up to 20 years for both modified bitumen and membrane
roofs; an expected useful life of 15 years is used for this analysis. The present values of
the replacement costs at year 15 are calculated and based on the incremental installed
cost of $0.53 square foot. The total present value of the incremental cost for this code
change proposal is $0.86 per square foot, see Table 42 for details.

Table 42: Low-Slope Cool Roof Summary of Replacement Cost

Low-Slope Modified
Bitumen Cool Roof

Incremental First Cost $0.525 / square foot
Present Value of Replacement Cost at Year 15 $0.337 / square foot
Total Present Value of Incremental Cost $0.862 / square foot

2.4.4.2 Roof Insulation at Low-Slope Roof Replacement

There are no incremental maintenance or replacement costs associated with this
measure. Insulation has an expected useful life of 30 years or greater.

2.4.5 Cost Effectiveness

This measure proposes a prescriptive requirement. As such, a cost analysis is required
to demonstrate that the measure is cost effective over the 30-year period of analysis.

The Energy Commission establishes the procedures for calculating cost effectiveness.
The Statewide CASE Team collaborated with Energy Commission staff to confirm that
the methodology in this report is consistent with their guidelines, including which costs
were included in the analysis. The incremental first cost and incremental maintenance
costs over the 30-year period of analysis were included. The TDV energy cost savings
from electricity and natural gas savings were also included in the evaluation.

Design costs were not included nor were the incremental costs of code compliance
verification.

According to the Energy Commission’s definitions, a measure is cost effective if the
benefit-to-cost (B/C) ratio is greater than 1.0. The B/C ratio is calculated by dividing the
cost benefits realized over 30 years by the total incremental costs, which includes
maintenance costs for 30 years. The B/C ratio was calculated using 2023 PV costs and
cost savings.

2.4.5.1 Cool Roofs at Roof Replacement

Results of the per-unit cost-effectiveness analyses are presented in Table 43 through
Table 48.
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For the single family prototype, the proposed steep-slope cool roof submeasure saves
money over the 30-year period of analysis relative to the existing conditions in Climate
Zones 4, 8, and 9 for single family buildings and 2, 4, 8, and 9 for multifamily buildings.
The low-slope submeasure saves money over the 30-year period of analysis relative to
the existing conditions in Climate Zones 4, 6 through 12, and 14 for single family
buildings and 2, 4, 6 through 12 and 14 for multifamily buildings.

Table 43: Steep-Slope Cool Roof 30-Year Cost-Effectiveness Summary Per Home
— Single Family Alterations

Benefits Costs
Climate TDV Energy Cost Savings +  Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PVS$) (2023 PV$)
1 $(265) $460 (0.58)
2 $279 $460 0.61
3 $86 $460 0.19
4 $475 $460 1.03
5 $(49) $460 (0.11)
6 $282 $460 0.61
7 $228 $460 0.49
8 $622 $460 1.35
9 $614 $460 1.33
10 N/A N/A N/A
11 N/A N/A N/A
12 N/A N/A N/A
13 N/A N/A N/A
14 N/A N/A N/A
15 N/A N/A N/A
16 $37 $460 0.08

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost savings
over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other savings are
discounted at a real (nominal — inflation) 3 percent rate. Other PV savings include incremental first-
cost savings if proposed first cost is less than current first cost. Includes PV maintenance cost
savings if PV of proposed maintenance costs is less than PV of current maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, replacement,
and maintenance costs over the period of analysis. Costs are discounted at a real (inflation-
adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of current
maintenance costs. If incremental maintenance cost is negative, it is treated as a positive benefit. If
there are no total incremental PV costs, the B/C ratio is infinite.
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Table 44: Steep-Slope Cool Roof 30-Year Cost-Effectiveness Summary Per Home
— Low-Rise Garden Multifamily

Benefits Costs
Climate TDV Energy Cost Savings + Total Incremental PV~ Benefit-to-
Zone Other PV Savings? Costs®  Cost Ratio
(2023 PVS$) (2023 PV$)
1 $(35) $133 (0.26)
2 $164 $133 1.23
3 $45 $133 0.34
4 $257 $133 1.93
5 $14 $133 0.10
6 $107 $133 0.80
7 $87 $133 0.66
8 $280 $133 2.10
9 $193 $133 1.45
10 N/A N/A N/A
11 N/A N/A N/A
12 N/A N/A N/A
13 N/A N/A N/A
14 N/A N/A N/A
15 N/A N/A N/A
16 $36 $133 0.27

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost savings
over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other savings are
discounted at a real (nominal — inflation) 3 percent rate. Other PV savings include incremental first-
cost savings if proposed first cost is less than current first cost. Includes PV maintenance cost
savings if PV of proposed maintenance costs is less than PV of current maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment, replacement,
and maintenance costs over the period of analysis. Costs are discounted at a real (inflation-
adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of current
maintenance costs. If incremental maintenance cost is negative, it is treated as a positive benefit. If
there are no total incremental PV costs, the Benefit-to-Cost ratio is infinite.

Table 45: Low-Slope Cool Roof 30-Year Cost-Effectiveness Summary Per Home —
Single Family Alterations

Benefits Costs
Climate @ TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PVS$)
1 $(4,842) $1,435 (3.37)
2 $590 $1,435 0.41
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Benefits Costs

Climate @ TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PVS$) (2023 PVS$)
3 $(455) $1,435 (0.32)
4 $2,235 $1,435 1.56
5 $(2,011) $1,435 (1.40)
6 $1,734 $1,435 1.21
7 $1,481 $1,435 1.03
8 $3,871 $1,435 2.70
9 $2,572 $1,435 1.79
10 $2,935 $1,435 2.05
11 $3,094 $1,435 2.16
12 $2,284 $1,435 1.59
13 N/A N/A N/A
14 $2,402 $1,435 1.67
15 N/A N/A N/A
16 $(2,578) $1,435 (1.80)

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (hominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.

Table 46: Low-Slope Cool Roof 30-Year Cost-Effectiveness Summary Per Home —
Low-Rise Garden Multifamily

Benefits Costs
Climate TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PVS$)
1 $(905) $375 (2.41)
2 $376 $375 1.00
3 $42 $375 0.11
4 $536 $375 1.43
5 $(178) $375 (0.47)
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Benefits Costs

Climate TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PVS$)
6 $558 $375 1.49
7 $558 $375 1.49
8 $1,023 $375 2.73
9 $787 $375 2.10
10 $822 $375 219
11 $795 $375 212
12 $719 $375 1.92
13 N/A N/A N/A
14 $683 $375 1.82
15 N/A N/A N/A
16 $(322) $375 (0.86)

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (nominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the Benefit-to-Cost ratio is infinite.

2.4.5.2 Roof Insulation at Low-Slope Roof Replacement

Results of the per-unit cost-effectiveness analyses are presented in Table 47 through
Table 48. These savings figures are relative to an existing building with R-11 attic or
roof insulation. As is discussed in Appendix H, these measures were evaluated against
a baseline with both R-11 and R-19 insulation. Additional analysis results can be found
in Appendix I.

For the single family and multifamily prototype the proposed submeasure saves money
over the 30-year period of analysis relative to the existing conditions in Climate Zones 1,
2, 4, and 8 through 16.
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Table 47: Low-Slope Roof Insulation 30-Year Cost-Effectiveness Summary Per
Home — Single Family Alterations

Benefits Costs
Climate TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PV$)
1 $6,349 $5,671 1.12
2 $8,414 $5,671 1.48
3 $4,998 $5,671 0.88
4 $7,659 $5,671 1.35
5 $3,621 $5,671 0.64
6 $3,920 $5,671 0.69
7 $2,938 $5,671 0.52
8 $8,221 $5,671 1.45
9 $7,368 $5,671 1.30
10 $8,180 $5,671 1.44
11 $11,919 $5,671 2.10
12 $10,171 $5,671 1.79
13 $12,501 $5,671 2.20
14 $11,914 $5,671 2.10
15 $13,066 $5,671 2.30
16 $9,742 $5,671 1.72

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (hominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.

Table 48: Low-Slope Roof Insulation 30-Year Cost-Effectiveness Summary Per
Home - Low-Rise Garden Multifamily

Benefits Costs
Climate TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PV$)
1 $1,648 $1,481 1.11
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Benefits Costs

Climate TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PV$)
2 $2,097 $1,481 1.42
3 $1,123 $1,481 0.76
4 $1,750 $1,481 1.18
5 $939 $1,481 0.63
6 $883 $1,481 0.60
7 $581 $1,481 0.39
8 $1,982 $1,481 1.34
9 $1,734 $1,481 1.17
10 $2,030 $1,481 1.37
11 $2,893 $1,481 1.95
12 $2,515 $1,481 1.70
13 $3,048 $1,481 2.06
14 $2,927 $1,481 1.98
15 $3,084 $1,481 2.08
16 $2,423 $1,481 1.64

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (hominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.

2.5 First-Year Statewide Impacts

2.5.1 Statewide Energy and Energy Cost Savings

The Statewide CASE Team calculated the first-year statewide savings for new
construction by multiplying the per-unit savings, which are presented in Section 2.3.3,
by assumptions about the percentage of existing buildings that would be impacted by
the proposed code. The statewide existing building forecast for 2023 is presented in
Appendix A, as are the Statewide CASE Team’s assumptions about the percentage of
existing buildings that would be impacted by the proposal (by climate zone and building

type).
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The first-year energy impacts represent the first-year annual savings from all buildings
that were completed in 2023. The 30-year energy cost savings represent the energy
cost savings over the entire 30-year analysis period. The statewide savings estimates
do not take naturally occurring market adoption or compliance rates into account.

Table 49 through Table 51 present the first-year statewide energy and energy cost
savings by climate zone.

Table 49: Steep-Slope Cool Roof Statewide Energy and Energy Cost Impacts

Climate
Zone

Do o ©oo NN

—
n

15
16
TOTAL

Statewide Existing
Building Stock
Impacted by
Proposed Change
in 2023

(single family &
multifamily: units)

N/A
2,801
N/A
36,942
N/A
N/A
N/A
57,230
87,547
N/A
N/A
N/A
N/A
N/A
N/A
N/A

184,519

First-Year
First-Year® Peak
Electricity Electrical
Savings Demand
(GWh) Reduction
(MW)
N/A N/A
0.04 0.01
N/A N/A
1.72 1.55
N/A N/A
N/A N/A
N/A N/A
3.46 1.30
4.77 3.33
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
10.00 6.19

a. First-year savings from all buildings completed statewide in 2023.

First-
Year
Natural
Gas
Savings
(million
therms)
N/A
(0.00)
N/A
(0.03)
N/A
N/A
N/A
(0.01)
(0.01)
N/A
N/A
N/A
N/A
N/A
N/A
N/A
(0.04)

30-Year
Present
Valued
Energy Cost
Savings
(million 2023
PV$)

N/A
$0.46
N/A
$15.57
N/A
N/A
N/A
$31.75
$44.64
N/A
N/A
N/A
N/A
N/A
N/A
N/A

$92.43
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Table 50: Low-Slope Cool Roof Statewide Energy and Energy Cost Impacts

Statewide 30-Year
Existing Building First-Year First-Year Present
Stock Impacted First-Year? Peak Natural
. . . Valued
Climate by Proposed Electricity Electrical Gas
- . . Energy Cost
Zone Change in 2023 Savings Demand  Savings Savings
(single family & (GWh) Reduction  (million -
- . (million 2023
multifamily: (MW) therms)
. PV$)
units)
1 N/A N/A N/A N/A N/A
2 3,181 0.34 0.17 (0.03) $1.20
3 N/A N/A N/A N/A N/A
4 13,684 3.99 3.06 (0.20) $18.22
5 N/A N/A N/A N/A N/A
6 22,861 5.30 3.39 (0.17) $24.70
7 16,397 3.50 2.59 (0.10) $15.82
8 35,508 14.84 6.95 (0.37) $87.59
9 62,985 18.98 11.70 (0.62) $86.43
10 15,617 6.51 2.36 (0.19) $26.95
11 3,669 1.26 0.55 (0.05) $5.48
12 17,057 5.55 3.69 (0.30) $24.34
13 N/A N/A N/A N/A N/A
14 4,396 1.73 0.82 (0.11) $6.53
15 N/A N/A N/A N/A N/A
16 N/A N/A N/A N/A N/A
TOTAL 195,355 62.00 35.28 (2.13) $297.27

a. First-year savings from all buildings completed statewide in 2023.

Table 51: Low-Slope Roof Insulation Cool Roof Statewide Energy and Energy
Cost Impacts

Statewide Existing First. First-Year FY":at; ge;zgz:
Building Stock Peak
. Year? . Natural Valued
Climate Impacted by Proposed Electricit Electrical Gas Enerav Cost
Zone Change in 2023 rcity Demand . gy *
. . Savings . Savings Savings
(single family & Reduction - -
. A (GWh) (million (million 2023
multifamily: buildings) (MW) therms) PV$)
1 780 0.03 0.00 0.04 $2.65
2 5,708 1.59 0.57 0.22 $27.93
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First- 30-Year

Statewide Existing First- First-Year Year Present
Building Stock Peak
. Year? . Natural Valued
Climate Impacted by Proposed . Electrical
: Electricity Gas Energy Cost
Zone Change in 2023 Savi Demand Savi Savi
ingle family & avings o Juction avings avings
multifa(r:;:‘?' bulldings) (GWh) w)  (million (million 2023
y: 9 therms) PV$)
3 N/A N/A N/A N/A N/A
4 13,684 5.14 2.21 0.38 $61.82
5 N/A N/A N/A N/A N/A
6 N/A N/A N/A N/A N/A
7 N/A N/A N/A N/A N/A
8 35,508 18.27 2.53 0.50 $182.66
9 62,985 23.78 10.73 0.88 $225.51
10 15,617 8.77 0.94 0.30 $72.80
11 3,669 1.93 0.46 0.12 $20.70
12 17,057 8.36 3.51 0.62 $101.96
13 9,894 9.33 2.92 0.31 $83.50
14 4,396 2.66 0.71 0.18 $31.31
15 1,691 2.31 0.25 0.02 $14.42
16 1,978 0.61 0.20 0.18 $13.29
TOTAL 172,966 82.80 25.03 3.74 $838.55

a. First-year savings from all buildings completed statewide in 2023.

2.5.2 Statewide Greenhouse Gas (GHG) Emissions Reductions

The Statewide CASE Team calculated avoided GHG emissions assuming the
emissions factors specified in the United States Environmental Protection Agency (U.S.
EPA) Emissions & Generation Resource Integrated Database (eGRID) for the Western
Electricity Coordination Council California (WECC CAMX) subregion. The electricity
emission factor represents savings from avoided electricity generation and accounts for
the GHG impacts if the state meets the Renewable Portfolio Standard goal of 33
percent renewable electricity generation by 2020.° Avoided GHG emissions from natural

2 When evaluating the impact of increasing the Renewable Portfolio Standard from 20 percent
renewables by 2020 to 33 percent renewables by 2020, the California Air Resources Board (CARB)
published data on expected air pollution emissions for various future electricity generation scenarios
(CARB 2010). The incremental emissions were calculated by dividing the difference between California
emissions in the CARB high and low generation forecasts by the difference between total electricity
generated in those two scenarios.
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gas savings attributable to sources other than utility-scale electrical power generation
are calculated using emissions factors specified in U.S. EPA’s Compilation of Air
Pollutant Emissions Factors (AP-42). See Appendix D for additional details on the
methodology used to calculate GHG emissions.

Table 52 presents the estimated first-year avoided GHG emissions of the proposed
code change. During the first year, GHG emissions of 45,793 metric tons of carbon
dioxide equivalents (Metric TonnesCO2e) would be avoided.

Table 52: First-Year Statewide GHG Emissions Impacts

Reduced GHG Reduced Total
Emissions Natural Emissions Reduced
Electricity from Gas CO2ze
: . . ~ o from Natural . i ab
Measure Savings? Electricity  Savings G . _, Emissions®
. a e as Savings ]
(GWhlyr) Savings (million . (Metric
. (Metric
(Metric Tonnes thermsl/yr) T Tones
CO2e) onnes CO2e)
CO2e)
Cool Roof,
Steep- 10.00 2,403 -0.04 -240 2,163
Slope
Cool Roof, 4, g9 14,902 213 11,595 3,307
Low-Slope
Roof
Insulation,  82.80 19,903 3.74 20,420 40,323
Low-Slope

a. First-year savings from all buildings completed statewide in 2023.
b. Assumes the following emission factors: 240.4 MTCO2e/GWh and 5,454.4 MTCO2e/million therms.

2.5.3 Statewide Water Use Impacts

The proposed submeasures would not result in water savings.

2.5.4 Statewide Material Impacts
The proposed submeasures would not result in impacts on the use of toxic or energy
intensive materials.

2.5.5 Other Non-Energy Impacts

2.5.5.1 Cool Roofs at Roof Replacement

The U.S. EPA recognizes cool roofs as an important component in mitigating the urban
heat island effect (United States Environmental Protection Agency 2019b). As a result,
cool roofs help to reduce the health and equity issues created by urban heat islands.
The urban heat island effect refers to the tendency of heavily developed urban
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environments to experience higher temperatures than nearby rural areas. The heat
island effect can cause daytime temperatures in urban areas to increase by 4°C and
nighttime temperatures by as much as 2.5°C relative to surrounding rural areas
(Hibbard, et al. 2017). These higher temperatures, “...modify local microclimates, with
implications for regional and global climate change. Urban systems affect various
climate attributes, including temperature, rainfall intensity and frequency, winter
precipitation (snowfall) and flooding” (Hibbard, et al. 2017). Additionally, heat islands are
directly associated with impacts to human health, with vulnerable populations such as
the elderly, infirm, and economically disadvantaged facing disproportionately high levels
of risk from heat islands compared to the general population (United States
Environmental Protection Agency 2019a). These risks include prolonged exposure to
high temperatures and air pollution, especially ground-level ozone, which can cause or
exacerbate asthma (United States Environmental Protection Agency 2019a).

In addition to the mitigation of urban heat islands, cool roofing can reduce radiative
forcing associated with global warming. Shortwave solar radiation is absorbed or
reflected by the surfaces that it comes into contact with. Shortwave energy that is
absorbed is converted to heat and released back into the atmosphere as longwave
radiation, where it can be absorbed by atmospheric GHG emissions such as carbon
dioxide, resulting in atmospheric forcing (warming) and higher temperatures at the
Earth’s surface. Shortwave energy that is reflected by a surface passes through the
Earth’s atmosphere with minimal absorption and is released into space, resulting in little
atmospheric forcing (North Carolina Climate Office 2019). By reflecting shortwave
radiation from a roof’s surface, cool roofing is responsible for lower levels of
atmospheric forcing than non-cool roofing counterparts.

2.5.5.2 Roof Insulation at Low-Slope Roof Replacement

Adding roof insulation, especially to uninsulated or minimally insulated existing roofs
can greatly increase occupant comfort during both the summer and winter. Mean
radiant temperature (MRT) is the “temperature of an imaginary isothermal black
enclosure in which an occupant would exchange the same amount of heat by radiation
as in the actual non-uniform environment" (ASHRAE 2015). MRT is a key indicator of
thermal comfort in a building and expresses the effect of surface temperatures on
occupant comfort. On a hot day, surfaces of uninsulated or minimally insulated building
assemblies would have a higher surface temperature than a highly insulated surface,
contributing to a higher MRT of the space. Even though the cooling system may be
operating as expected and the indoor air temperature in the space is acceptable, the
occupant may still be uncomfortable as a result of the higher MRT. When all building
assemblies in a space are well insulated, the MRT is more in line with the interior air
temperature resulting in greater occupant comfort.
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2.6 Proposed Revisions to Code Language

2.6.1 Guide to Markup Language

The proposed changes to the standards, Reference Appendices, and the ACM
Reference Manuals are provided below. Changes to the 2019 documents are marked

with red underlining (new language) and strikethroughs (deletions).

2.6.2 Standards

SECTION 150.2 — ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND
ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS

(b) Alterations. Alterations to existing low-rise residential buildings or alterations in
conjunction with a change in building occupancy to a low-rise residential occupancy
shall meet either Item 1 or 2 below.

1. Prescriptive approach. The altered component and any newly installed
equipment serving the alteration shall meet the applicable requirements of
Sections 110.0 through 110.9 and all applicable requirements of Section 150.0(a)
through (I); 150.0(m)1 through 150.0 (m)10, Section 150.0(0) through (q); and

I. Roofs. Replacements of the exterior surface of existing roofs, including
adding a new surface layer on top of the existing exterior surface, shall meet
the requirements of Section 110.8 and the applicable requirements of
Subsections i and ii where more than 50 percent of the roof is being replaced.

i. Lowe-rise residential buildings with steep-sloped roofs shall meet the
following:

New roofing products-in Climate Zones 4 and 810 through 15 for single
family buildings and Climate Zones 2, 4, and 8 through 15 for multifamily
buildings shall have a minimum aged solar reflectance of 0.20 and a
minimum thermal emittance of 0.75, or a minimum SRI of 16.

EXCEPTION 1 TO 150.2(b)1li: The following shall be considered
equivalent to Subsection i:

ad. Buildings with ceiling assemblies with a U-factor lower than or equal
to 0.025 or that are insulated with at least R-38 ceiling insulation_in an
attic; or
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be.Buildings with a radiant barrier in the attic, where the radiant barrier is
not installed directly above spaced sheathing, meeting the
requirements of Section 150.1(c)2; or

cf. Buildings that have no ducts in the attic in Climate Zones 2, 4, 9, 10,
12, and 14; or

dg. Ir-Climate-Zones-10-15; Buildings with R-2-or greater continuous
insulation above or below the roof deck.

EXCEPTION 2 to Section 150.2(b)1li: Roof area covered by building
integrated photovoltaic panels or building integrated solar thermal
panels are not required to meet the minimum requirements for solar
reflectance, thermal emittance, or SRI.

ii. Low-rise residential buildings with low-sloped roofs shall meet the
following:

a. New roofing products Lew-sleped-roofs in Climate Zones 4, and 613
and through 15 in single family buildings and Climate Zones 2, 4, and 6
through 15 in multifamily buildings shall have a 3-year aged solar
reflectance equal or greater than 0.63 and a thermal emittance equal
or greater than 0.75, or a minimum SRI of 75.

: 206} Buildi i I il
S
EXCEPTION 12 to Section 150.2(b)1liia: The aged solar reflectance

can be met by using insulation at the roof deck specified in TABLE
150.2-B.

TABLE 150.2-B AGED SOLAR REFLECTANCE INSULATION TRADE OFF TABLE

Roof Deck Roof Deck
Minimum Continuous Continuous
Aged Solar Insulation R- | Aged-Selar | Insulation R-
R(gflectance value Reflectance | value (Climate
(Climate Zones 2,4, 8-
Zones 6-7) 15)
0-62-0.60 2 1216
0.59-0.55 4 0.39-0.35 1618
0.54-0.50 6 0-34-0-30 20
0-49-0.45 8 0.29-0.25 2422
Mo 10 24
requirement

EXCEPTION 2 to Section 150.2(b)1liia: Roof area covered by
building integrated photovoltaic panels or building integrated solar
thermal panels are not required to meet the minimum requirements for
solar reflectance, thermal emittance, or SRI.
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b. Roofs shall be insulated to the levels specified in TABLE 150.2-C.

TABLE 150.2-C INSULATION REQUIREMENTS FOR ROOF

ALTERATIONS

. Continuous Roof

Climate .

m Insulation | Assembly
_ R-value U-factor
3,57 NR NR

1,2, 4, 8-

16 R-14 0.039

EXCEPTION to Section 150.2(b)1liib:

Existing roofs with R-10 or greater continuous insulation above or

below the roof deck; or

Existing roofs with an assembly U-factor lower than or equal to

0.056 or that are insulated with at least R-19 insulation in the roof

cavity in Climate Zones 1, 2, 4, and 8 through 10 for single family

buildings and Climate Zones 1, 2, 4, 8 through 10, and 16 for

multifamily buildings:; or

The continuous insulation requirements per Table 150.2-C may be

reduced to R-4 where the following conditions are met:

1.

Mechanical equipment is located on the roof and will not be
temporarily disconnected and lifted as part of the roof
replacement and the addition of insulation required by Table
150.2-C would reduce the height from the roof surface to the
top of the base flashing to less than that allowed by the
California Residential Code Section R900; or

Replaced roofing abuts sidewall or parapet walls and the
addition of insulation required by Table 150.2-C would
reduce the height from the roof surface to the top of the base
flashing to less than that allowed by the California
Residential Code Section R900, provided that the following
conditions apply:

a. The sidewall or parapet walls are finished with an
exterior cladding material other than the roofing
covering membrane material; and

b. The sidewall or parapet walls have exterior cladding
material that must be removed to install the new roof
covering membrane to maintain the minimum base
flashing height; and

c. The ratio of the replaced roof area to the linear
dimension of affected sidewall or parapet walls is less
than 25 square feet per linear foot; or
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iv. Where increasing the thickness of above deck insulation would
result in existing exterior wall openings becoming less compliant
with the California Residential Code, increased insulation to the
maximum extent feasible shall be considered in compliance with this
Section; or

v. Tapered insulation may be used which has a thermal resistance less
than that prescribed at the drains and other low points, provided that
the thickness of insulation is increased at the high points of the roof
so that the average thermal resistance equals or exceeds the
required value.

2.6.3 Reference Appendices

There are no proposed changes to the Reference Appendices.

2.6.4 ACM Reference Manual
2 Proposed, Standard, and Reference Design

Table 26 in Section 2.10.4.3 would need to be revised to reflect the new requirements
for cool roof and low-slope roof insulation. Revised language is also included for Roof
Deck Insulation (below-deck, where required) for alterations to correct for a discrepancy
between Table 26 and Table 150.2-C in the Standards. See Appendix E for further
details.

2.10 Additions/Alterations
2.10.4.3 Roof/Ceilings
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Table 26: Addition Standard Design for Roofs/Ceilings

Proposed Standard Design Based on Proposed Duct System Status
Design Add = | Add > 300 ft2 Addition > 700 | Altered Verifie
Roof/Ceiling 300 ft2 | and <700 ft ft2 d
Types Altere
d
Roof Deck NR NR CZ4,8-16 =R- | NR Existi
Insulation 19 (single- CZ 4,8-16 = ng
(below-deck, family) R-19 {single-
where Cz8,9, 11-15 | famihy
required) =R19,CZ 10, |CZ8-9-11-15
16 = R13 =R19,-CZ10;
(multifamily) 16=R13
nultifamily
Roofing CZ 4, 8-15106-
Surface 15 (single
(Cool Roof) CZ 10-15 CZ 10-15 family)
Steep- Slope =0.20 =0.20 Cz2,4,8-15 Existi
NR Reflectance, Reflectance, (multifamily) n
>0.75 >0.75 >0.20 g
Emittance Emittance Reflectance
>0.75
Emittance
Roofing CZ 4, 6-1513;
Surface 15 (single
(Cool Roof) Cz 13,15 Cz 13,15 family)
Low- Slope >0.63 >0.63 Cz2,4,8-15 Existi
NR Reflectance, Reflectance, (multifamily) n
>0.75 >0.75 >0.63 9
Emittance Emittance Reflectance
=0.75
Emittance
Above Deck Cz1,2 4,8-
Insulation 16 Existi
Low-Slope NR NR NR R-14 ng
continuous

The following language in subsection 2.6.6.1 specific to radiant barrier installations over
spaced sheathing is not implemented in CBECC-Res.

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.
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The Statewide CASE Team is not recommending any changes to the ACM Reference
Manual language related to radiant barriers but does recommend that a checkbox be
added to the Construction Assembly for Attic Roofs that allows the user to indicate if the
radiant barrier is installed over existing spaced sheathing. When the checkbox is
checked the radiant barrier would be modeled with a 0.5 emittance value instead of
0.05.

2.6.5 Compliance Manuals

Chapter 9 of the Residential Compliance Manual would need to be revised. Section 9.2
What's New in the 2019 Energy Standards and Section 9.4.4 Envelope Alterations
would need to be updated to describe the proposed code changes.

2.6.6 Compliance Documents

Compliance documents CF1R-ALT-01-E, CF1R-ALT-05-E, CF2R-ALT-05-E, and CF2R-
ENV-04-E would need to be revised. No new compliance documents are being
proposed. It's proposed that on the CF1R forms there be two subsections for roof
replacements, one for steep-slope roofs and another for low-slope roofs. Subsection E
of CF1R-ALT-01-E and subsection C of CF1R-ALT-05-E can be repurposed for steep-
slope roof replacements and updated to reflect the changes to climate zones and the
exceptions. A new subsection can be dedicated to low-slope roof requirements and
request the same details as on the steep-slope subsections about roof reflectance,
emittance, and SR, in addition to proposed and minimum required values for roof
insulation. Subsection B of CF2R-ALT-05-E should be revised to add a column for
“Above Deck Insulation R-value”. CF2R-ENV-04-E should either be revised to add a
section for above deck insulation, or CF2R-ENV-03-E must be required in addition to
CF2R-ENV-04-E for roof replacements with above deck insulation.

Provided that the exceptions are detailed for the low-slope roof insulation submeasure,
the Statewide CASE Team recommends that additional documentation be required by
the installing contractor on the CF1R if applying for one of the exceptions to verify that
the project meets the qualifications for the exception. This could be documenting the
details relevant for the exception within the CF1R form itself or on a drawing. Another
option to consider is to require that photographs be presented to the plans examiner.
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3. Electric Equipment Replacements

3.1 Measure Description

3.1.1 Measure Overview

This section of the CASE Report covers two prescriptive code change proposals:

1) requiring heat pumps when electric equipment space heating equipment is replaced
and 2) requiring heat pump water heaters when electric resistance water heaters are
replaced.

The submeasures apply to all residential single family and multifamily buildings with
individual space heating or water heating equipment. They do not apply to central space
or water heating systems. Both submeasures would require updates to the compliance
software for existing plus addition plus alteration analysis.

Specifically, the two submeasures proposed are described as follows.

3.1.1.1 Electric Space Heating Equipment

Currently, Section 150.2(b)1G of Title 24, Part 6 limits prescriptive replacement heating
equipment to natural gas, liquefied petroleum gas, the existing fuel type, or a heat
pump. This language allows for new electric resistance heating equipment when the
existing equipment is electric. The code change proposal prescriptively prohibits electric
resistance replacement space heating equipment based on certain existing and
upgrade conditions. Specifically, it's prohibited when the replacement heating system is
part of a new or replacement ducted cooling system. This existing condition represents
a straightforward and cost-effective upgrade to a heat pump because the air
conditioning and electrical infrastructure is already in place. The proposal does not
cover non-ducted electric resistance heating systems or systems without central air
conditioning, although these scenarios may be considered in future code cycles. Single
family buildings in Climate Zones 7 and 15 and multifamily buildings in Climate Zones 6
through 8 and 15 are exempt from the proposed code change because low heating
loads did not justify the incremental cost of the heat pump.

3.1.1.2 Electric Water Heating Equipment

Currently, Section 150.2(b)1Hiiid of Title 24, Part 6 limits prescriptive replacement water
heating equipment to natural gas, propane, heat pump water heaters (in most climate
zones under certain conditions) or a consumer electric water heater where no natural
gas is connected to the existing water heater location. This language allows for electric
resistance water heaters when no natural gas is connected to the existing water heater
location. The code change proposal prohibits electric resistance replacement water
heating equipment in most cases. Exceptions include when the existing electric

2022 Title 24, Part 6 Draft CASE Report — 2022-SF-EAA-D | 95



resistance water heater is located within conditioned space, which adds complications
that are further discussed in Section 3.2.2, or in spaces such as closets that are not
large enough to accommodate a heat pump water heater. Electric resistance
replacement water heaters in other locations would still be allowed if they are combined
with a solar water heating system. Multifamily buildings with water heaters located
outdoors or in exterior closets are exempt as a result of the cost effectiveness analysis.

3.1.2 Measure History

Electric resistance heating relies on an electric resister as the heating element. Electric
current is passed through the resister converting the electrical energy into heat energy.
Electric resistance heating is essentially 100 percent efficient in the sense that all the
electrical energy is converted into heat. An electric resistance furnace is a ducted
system with a fan that forces air over the electric resistance heating element, delivering
heated air to the house through supply ducts. This is very similar to a ducted gas
furnace, which is common in California homes, except an electric heat exchanger is
used in place of a gas heat exchanger. Electric resistance storage water heaters have
one or multiple electric heating elements submerged in a storage tank. Electric
resistance tankless water heaters have a much higher capacity than storage systems
because the heating element must heat the water to an acceptable temperature as it
passes through the heat exchanger.

Heat pumps are also an electric heating device but use a compressor to drive a
refrigeration cycle. They transfer heat energy from one source to another. They operate
at efficiencies three to five times greater than electric resistance heaters. Ducted split
heat pumps have an indoor coil located in an air handler or fan coil unit, an outdoor coil
and compressor unit, and a supply and return duct distribution system. Heat pumps
function similarly to air conditioners, except that they have a reversing valve which
reverses the direction of flow of the refrigerant converting the indoor coil from a cooling
coil into a heating coil. Most residential heat pump water heaters are packaged units
with the heat pump unit located directly on top of a storage tank. Heat is transferred
from the surrounding air to the water in the tank via a refrigerant to a water heating coil
submerged towards the bottom of the tank. There are also split heat pump water
heaters where the heat pump unit is external from the storage tank and refrigerant lines
are run between the storage tank and the heat pump.

As heat pump performance, product availability, and market share have improved over
the years, allowance for electric resistance equipment has slowly been phased out of
the Title 24, Part 6 code. While electric resistance heating is not prohibited in new
residential construction, it is not allowed prescriptively, and it is very challenging to
design a compliant system with electric resistance heat under the performance
approach. The 2019 Title 24, Part 6 code saw revisions for space heating and water
heating replacements, which expressly allows heat pumps to replace either electric
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resistance or gas water heating systems. The one scenario where electric resistance
equipment continues to be allowed prescriptively is when replacing existing electric
resistance equipment.

Heat pumps save energy and peak demand relative to electric resistance technology in
all cases. However, this code change proposal is not prohibiting electric resistance
heating in all existing conditions, but instead has identified those instances where it is
most justified. For space heating, homes that have central electric resistance furnaces
with central air conditioning represent a prime opportunity for an upgrade to a central
heat pump due to electrical and condensate infrastructure already being in place, and
there is no incremental labor for this upgrade. Homes with electric resistance equipment
that is ductless or not coupled with central air conditioning may still replace like-for-like.
While there are good solutions for these homes, such as ductless mini-split heat pumps,
this is a much costlier upgrade and, in some cases, would add an air conditioning load
where there was none previously.

An upgrade from an electric resistance water heater to a heat pump water heater comes
with additional considerations, such as ensuring that there is adequate ventilation and
installation of condensate lines. These are much easier dealt with in certain locations of
a home than in others. This proposal exempts homes with electric resistance equipment
within conditioned space, in which case they may still replace like-for-like.

3.1.3 Summary of Proposed Changes to Code Documents

The sections below summarize how the standards, Reference Appendices, ACM
Reference Manuals, and compliance documents would be modified by the proposed
change. See Section 3.6 of this report for detailed proposed revisions to code language.

3.1.3.1 Summary of Changes to the Standards

This proposal would modify the following sections of the California Energy Code as
shown below. See Section 3.6.2 of this report for marked-up code language.

SECTION 150.2 - ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND
ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS

Section 150.2(b)1C: Revise the language in this section to improve clarity and
readability.

Section 150.2(b)1G: Revise the language to only allow electric resistance heating
under the proposed conditions.

Section 150.2(b)1Hiiid: Revise the language to only allow electric resistance heating
under the proposed conditions.
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3.1.3.2 Summary of Changes to the Reference Appendices
The proposed code change would not modify the Reference Appendices.

3.1.3.3 Summary of Changes to the Residential ACM Reference Manual

This proposal would modify the following sections of the Residential ACM Reference
Manual as shown below. See Section 3.6.4 of this report for the detailed proposed
revisions to the text of the ACM Reference Manual.

SECTION 2.4 Building Mechanical Systems

Section 2.4.1 Heating Subsystems: Update Table 6 to consolidate standard heating
subsystem options.

SECTION 2.10 Additions/Alterations

Section 2.10.4.10 Water Heating System: Update Table 34 to reflect a change to the
basis of the Standard Design for altered water heating systems where the existing
system is an electric resistance water heater. In this case the Standard Design would
reflect a heat pump water heater.

3.1.3.4 Summary of Changes to the Residential Compliance Manual

The proposed code change would modify the following section of the Residential
Compliance Manual:

e Section 9.2 What's New in the 2019 Energy Standards
e Section 9.4.5 Water Heating Alterations
e Section 9.4.6 HVAC System Alterations

See Section 3.6.5 of this report for further details.

3.1.3.5 Summary of Changes to Compliance Documents

The proposed code change would modify the compliance documents listed below.
Examples of the revised documents are presented in Section 3.6.6.

e CF1R-ALT-02-E — Revise subsections D, E & F to reflect requirements for space
conditioning heat pumps under certain conditions.

e CF1R-ALT-05-E — Revise subsection H to reflect requirements for heat pump
water heaters under certain conditions.
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3.1.4 Regulatory Context
3.1.4.1 Existing Requirements in the California Energy Code

3.1.4.2 Electric Heating Equipment

Currently, Section 150.2(b)1G of Title 24, Part 6 limits prescriptive replacement heating
equipment to natural gas, liquefied petroleum gas, the existing fuel type, or a heat
pump. This allows for electric resistance heating equipment when the existing
equipment is electric.

There are no other code change proposals under consideration for the 2022 code cycle
that overlap with the recommendations in this report.

There are no federal preemption concerns with this submeasure since it would not
require efficiencies greater than the minimum required by federal regulations.

3.1.4.3 Electric Water Heating Equipment

Currently, Section 150.2(b)1Hiiid of Title 24, Part 6 limits prescriptive replacement water
heating equipment to natural gas, propane, heat pump water heaters (in most climate
zones under certain conditions) or a consumer electric water heater where no natural
gas is connected to the existing water heater location. This allows for electric resistance
water heaters when the existing equipment is electric with no natural gas connection.

There are no other code change proposals under consideration for the 2022 code cycle
that overlap with the recommendations in this report.

There are no federal preemption concerns with this submeasure since it would not
require efficiencies greater than the minimum required by federal regulations.

3.1.4.4 Relationship to Requirements in Other Parts of the California Building
Code

There are no relevant requirements in other parts of the California Building Code.

3.1.4.5 Relationship to Local, State, or Federal Laws

Space conditioning heat pumps, electric furnaces, electric resistance water heaters, and
heat pump water heaters are subject to federal regulations as covered products. Table
53 and Table 54 show the minimum efficiencies required by federal regulations for the
space heating and water heating equipment covered in these two submeasures.
Federal regulations require a uniform energy factor (UEF) greater than one for water
heaters larger than 55 gallons, which can only be met by a heat pump water heater.
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Table 53: Minimum Efficiency for Federally Covered Space Heating Equipment

Product Class Minimum Heating Efficiency
Electrical furnace 78 AFUE
Split systems heat pump 8.2 HSPF
Single package heat pump 8.0 HSPF

Source: California Code of Regulations Title 20, Tables C-3 & E-6 (California Energy Commission 2019a).

Table 54: Minimum Efficiency for Federally Covered Water Heating Equipment

Minimum

Draw Minimum Uniform Uniform Energy

Product Class Pattern Energy Factor Factor

40gal & 60gal

. Very small 0.8808 - (0.0008 x Vr) 0.8488

Electric Storage Water Low 0.9254 - (0.0003 x Vir) 0.9134
Heater = 20 gallons and .

< 55 gallons Medium 0.9307 - (0.0002 % Vr) 0.9227

High 0.9349 - (0.0001 x Vr) 0.9309

. Very small 1.9236 - (0.0011 x Vr) 1.8576

Electric Storage Water Low 2.0440 - (0.0011 x Vr) 1.978
Heater > 55 gallons and :

< 120 gallons Medium 2.1171 - (0.0011 x Vr) 2.0511

High 2.2418 - (0.0011 x Vr) 2.1758

Source: California Code of Regulations Title 20, Table F-2 (California Energy Commission 2019a).

3.1.4.6 Relationship to Industry Standards
There are no relevant industry standards.

3.1.5 Compliance and Enforcement

While developing this proposal, the Statewide CASE Team considered methods to
streamline the compliance and enforcement process and how negative impacts on
market actors who are involved in the process could be mitigated or reduced. This
section describes how to comply with the proposed code change. It also describes the
compliance verification process. Appendix F presents how the proposed changes could
impact various market actors.

The activities that need to occur during each phase of the project are described below:

e Design Phase: In many instances HVAC and water heating system
replacements are completed as isolated retrofits rather than part of a larger
remodel. In these cases, the mechanical or plumbing contractor corresponds
directly with the building owner, recommends the replacement equipment and
needs to be aware of Title 24, Part 6 requirements related to the scope of work.
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¢ Permit Application Phase: The mechanical or plumbing contractor submits the
project for permit and completes the necessary Certificate of Compliance
documents. For space heating replacements HERS duct testing would be
triggered and the residential CF-1Rs would be registered with a HERS registry.
For water heating replacements HERS testing is usually not triggered, and the
prescriptive forms would be completed outside of the HERS registry.

e Construction Phase: The mechanical or plumbing contractor installs the
equipment.

e Inspection Phase: For space heating replacements the mechanical contractor
would complete the CF-2R. HERS duct testing would be triggered and a HERS
Rater would conduct verification testing and complete the CF-3R. A building
inspector would conduct a final inspection. For water heating replacements the
plumbing contractor would complete the CF-2R. HERS verifications are not
typically required. A building inspector would conduct a final inspection.

The compliance process described above does not differ from the existing compliance
process for any phase. There are no challenges related to feasibility of compliance and
enforcement in any of the phases. However, it is possible that the added requirements
may result in projects being completed without applying for a permit in order to continue
to install electric resistance equipment when it is prohibited. The value proposition to the
occupant or whoever pays the utility bills is significant for this proposal; the utility cost
savings for switching from electric resistance to heat pump heating are high. This
speaks to the need for education to the HVAC and water heating contractor community
so that they can inform their clients on why it is in their best interest to follow the code
requirements. This may be most challenging for multifamily buildings where the building
owner would be investing in the upgrade, but the tenant would reap the benefits of the
reduced utility bills.

3.2 Market Analysis

3.2.1 Market Structure

The Statewide CASE Team performed a market analysis with the goals of identifying
current technology availability, current product availability, and market trends. It then
considered how the proposed standard may impact the market in general as well as
individual market actors. Information was gathered about the incremental cost of
complying with the proposed measure. Estimates of market size and measure
applicability were identified through research and outreach with stakeholders including
utility program staff, Energy Commission staff, and a wide range of industry actors. In
addition to conducting personalized outreach, the Statewide CASE Team discussed the
current market structure and potential market barriers during public stakeholder
meetings that the Statewide CASE Team held on November 12, 2019 ( (Statewide
CASE Team 2019a), (Statewide CASE Team 2019b), (Statewide CASE Team 2019c))
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and March 5, 2020 ( (Statewide CASE Team 2020a), (Statewide CASE Team 2020b),
(Statewide CASE Team 2020c)).

There are various manufacturers that produce furnaces, heat pumps, and water
heaters. Manufacturers often sell their products directly to distributors, who in turn work
directly with mechanical and plumbing service companies. The mechanical and
plumbing service companies range from large companies with hundreds of employees
servicing broad regions of the state to independent contractors. Mechanical and
plumbing contractors are the primary market actors involved with implementing these
code change proposals. They typically correspond directly with the building owner, who
is the primary decision maker, and make recommendations for replacement equipment.
Many equipment replacements are done at time of failure of the existing equipment. In
these cases, the building owner is often in a hurry for the project to be completed so
that they can heat their home or have access to hot water. The decision on replacement
equipment can be driven by the products that the contractor has readily available; if a
product needs to be specially ordered the owner would likely not want to wait the extra
time. Other market actors include plans examiners and building inspectors.

Most existing homes in California (about 90 percent of single family buildings and 70 to
80 percent of multifamily buildings) are heated with natural gas. Of those buildings that
are electrically heated, 60,000 residential homes or 1 percent of the total building stock
(0.3 percent for single family to 2.1 percent for townhouses or duplexes) are
represented by forced air electric furnaces with central air conditioning. See Table 55
and Figure 5 for market share details.

Table 55: Market Overview of Space Heating System Types in Existing Buildings

Space Heating Single Townhouse, Apt Condo Apt Condo

Svstemn Family Duplex 2-4 Units 5+ Units
y (6.2 million) (0.7 million) (0.8 million) (1.7 million)

Electric 2.0% 5.9% 8.3% 17.2%

Forced Air Electric

Furnace (+ Central

A/C) 0.3% 21% 0.3% 1.5%

Other Electric

Resistance 1.1% 3.2% 6.5% 11.6%

Heat Pump 0.6% 0.7% 1.5% 4.2%

Natural Gas 89.0% 90.6% 81.1% 71.6%

Other 9.0% 3.5% 10.6% 11.1%

Source: 2009 Residential Appliance Saturation Study (California Energy Commission 2009). “No
response” and “N/A” responses removed from dataset when calculating percentages.
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PTHP, 58,487

Central Heat Pump,
65,651

Electric
Portable/Other,
107,213

Resistance Electric
Heater (+ Central A/C),

. 20,225

Resistance Electric
Heater (no Central
AIC), 167,445

Forced Air Electric
Furnace (+ Central
AJ/C), 59,994

Forced Air Electric
Furnace (no Central

A/C), 47,708

Figure 5: Breakdown of all residential homes with electric space heating.
Source: 2009 Residential Appliance Saturation Study (California Energy Commission 2009).

Most existing homes in California also use natural gas for water heating. However, the
number of homes that would be impacted by the water heating code change proposal is
much higher than for space heating. There are about 870,000 existing homes with a
primary water heater that is electric, or 10 percent of the total building sock (6.8 percent
for single family to 25.4 percent for apartment buildings with five units or more). The
majority of these are standard tank water heaters. See Table 56 for market share

details.

“No response” and “N/A” responses removed from dataset when calculating

percentages.

Table 56: Market Overview of Water Heating System Types in Existing Buildings

Water Heating

System

Electric
Standard Tank
Tankless
HPWH

Point of Use
Tankless

Natural Gas

Single Townhouse, Apt Condo Apt Condo

Family Duplex 2-4 Units 5+ Units

(6.2 million) (0.7 million) (0.6 million) (1.0 million)
6.8% 10.5% 18.6% 25.4%
6.1% 9.6% 16.9% 22.6%
0.3% 0.7% 0.7% 1.8%
0.2% 0.3% 0.9% 0.8%
0.2% 0.0% 0.1% 0.2%
88.1% 87.8% 79.5% 72.4%
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Water Heating Single Townhouse, AptCondo  Apt Condo

Svstem Family Duplex 2-4 Units 5+ Units
y (6.2 million) (0.7 million) (0.6 million) (1.0 million)
Other 51% 1.7% 1.9% 2.2%

Source: 2009 Residential Appliance Saturation Study (California Energy Commission 2009). “No
response” and “N/A” responses removed from dataset when calculating percentages.

3.2.2 Technical Feasibility, Market Availability, and Current Practices

The Statewide CASE Team conducted stakeholder outreach to mechanical and
plumbing contractor professionals who predominantly work in residential retrofits in
Climate Zones 3, 11 and 12. The contractors averaged 380 HVAC and 150 water
heating replacements annually. The majority of equipment replacements are like-for-like
gas equipment replacements. Heat pump upgrades are predominantly for customers
converting from gas to electric.

More than one contractor working in the Sacramento region stated that single family
homes built in the mid to late 1970s have more existing electric resistance or heat pump
HVAC systems than in other vintage and California regions. Contractors attributed this
to builders in these areas developing all-electric projects during this time. The Statewide
CASE Team also heard that 15 percent of homes in SMUD territory have electric
resistance water heating. This points to the likelihood that these code change proposals
would impact different regions of California distinctly, depending on the makeup of the
existing building stock.

Drivers for customers in selecting the type of equipment to replace existing electric
heating systems include upfront costs, comfort, reliability, and utility costs. Based on
stakeholder feedback, upfront costs are often the single most critical driver, along with
timing in the case of failed equipment. Maintenance is also a concern for multifamily
building owners. Maintaining electric resistance equipment is very affordable with parts
readily available and easy to repair.

There are various incentive programs in California offered by the IOUs, as well as
municipal utilities for both space heating and water heating heat pumps. Recently,
several programs are encouraging the replacement of electric resistance water heaters,
with SMUD, PG&E, SCE, SDG&E, and the City of Palo Alto offering incentives from
$300 to $1,000 per system. Incentives can play a critical role in influencing a building
owner on product selection. If these code change proposals are adopted, utility
incentives may play a role in encouraging projects to apply for a permit and comply with
local and state regulations. One contractor working in SMUD territory experienced a
shift in their business once SMUD opened an incentive program for space heating
conversion from gas to heat pumps. Although this code change proposal does not relate
to fuel switching, this example highlights the impacts of incentives and the potential role
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they may have with supporting implementation of this code change proposal. Prior to
the incentive, 100 percent of the contractor's HVAC changeouts were like-for-like gas
heating systems. After the incentive, their customer base shifted to a 60 percent or
greater portion of their customers looking to convert their HYAC from gas to heat
pumps. This also speaks to the market shift increasing product acceptance and
contractor familiarity with heat pump technology.

The space heating code change proposal does not present many technical challenges.
In almost all cases the upgrade from a central electric resistance furnace with air
conditioning to a heat pump is straightforward. The air handler for the heat pump would
be a similar size as the electric furnace and can be located in the same place. The
electrical capacity for a heat pump is lower than for an electric furnace so no electrical
upgrade required. The refrigerant lines and condensate lines already exist if there is an
existing central air conditioner. One consideration that was raised by a contractor was
that there would be some homes where the outdoor compressor is not in a suitable
location for space heating operation. It may be outside of a bedroom window where
there are noise concerns with operation during the middle of the night in the winter. Or it
may be sited where the condensate during defrost mode cannot be easily dealt with.

While mechanical contractors are typically comfortable working with space heating heat
pumps because of how similar they are to air conditioners, there is a greater learning
curve for plumbing contractors with heat pump water heaters. Technical considerations
include ensuring that the space has adequate ventilation for the heat pump water heater
to operate efficiently. This is not a problem with garage installations but needs to be
considered for water heaters located in closets. Since heat pump water heaters extract
heat from the air and transfer it to water in the storage tank, they need to be supplied a
sufficient volume of air to operate properly. Otherwise the space would be cooled down
over time, which would impact the operating efficiency of the heat pump water heater.
Efficiencies are also more closely tied to the temperature of the space in which they are
located. In addition to heat loss from the tank, heat pump water heater performance is
directly impacted by the temperature of the supply air to the evaporator coil, with
performance declining at lower temperatures.

The condensate off the evaporator coil needs to be properly disposed of and can
typically be gravity drained easily in garage and exterior closet located water heaters.
When the water heater is within conditioned space there would be additional
considerations and a condensate pump may be required. Additionally, there are
potential noise and comfort concerns with packaged heat pump water heaters. Ducting
the inlet and exhaust air resolves comfort concerns but adds costs and complexity in
some cases. Split heat pump water heaters also address these concerns, but currently
there are limited products on the market and there is a cost premium relative to the
packaged products.
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As a result of these variables the Statewide CASE Team is proposing that water heaters
located in conditioned spaces are exempt from the requirement. If an electric resistance
water heater is exempt under these conditions and has a storage volume of 40 gallons
or greater, the replacement electric water heater must include CTA-2045
communications interface to facilitate demand response and load-shifting capabilities.
The CTA-2045 interface provides for a standardized physical port but allows for
communication to occur in a wide range of demand response application languages
including OpenADR2.0 and BACnet. This requirement builds on prior activities in the
Pacific Northwest and legislation in Washington state requiring electric water heaters
sold in the state to have a CTA-2045 communications interface beginning in 2021.
Similar legislation is being considered in Oregon. There is also a California Energy
Code proposal that would require HPWHSs that receive a load shifting compliance credit
to have a CTA-2045 communications interface.

Alternative paths for the water heating code change proposal provide flexibility for
projects in how they meet the new requirements, including an option to couple an
electric resistance water heater with solar thermal water heating system that results in
equivalent annual energy use as a heat pump water heater.

3.2.3 Market Impacts and Economic Assessments

3.2.3.1 Impact on Builders

Builders of residential and commercial structures are directly impacted by many of

the measures proposed by the Statewide CASE Team for the 2022 code cycle. It is
within the normal practices of these businesses to adjust their building practices to
changes in building codes. When necessary, builders engage in continuing education
and training in order to remain compliant with changes to design practices and building
codes.

California’s construction industry is comprised of about 80,000 business establishments
and 860,000 employees (see Table 57).1° In 2018, total payroll was $80 billion. Nearly
60,000 of these business establishments and 420,000 employees are engaged in the
residential building sector, while another 17,000 establishments and 344,000
employees focus on the commercial sector. The remainder of establishments and
employees work in industrial, utilities, infrastructure, and other heavy construction
(industrial sector).

10 Average total monthly employment in California in 2018 was 18.6 million; the construction industry
represented 4.5 percent of 2018 employment.
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Table 57: California Construction Industry, Establishments, Employment, and
Payroll, 2018

Annual
Construction Sectors Establishments Employment Payroll
(billions $)
Residential 59,287 420,216 $23.3
Residential Building Construction 22,676 115,777 $7.4
Contractors
Foundatlon, Structure, & Building 6.623 75220 $3.6
Exterior
Building Equipment Contractors 14,444 105,441 $6.0
Building Finishing Contractors 15,544 123,778 $6.2
Commercial 17,273 343,513 $27.8
Commercial Building Construction 4,508 75,558 $6.9
EFouqdann, Structure, & Building 2.153 53 531 $3.7
xterior
Building Equipment Contractors 6,015 128,812 $10.9
Building Finishing Contractors 4,597 85,612 $6.2
Industrial, Utilities, Infrastructure,
& Other 4,103 96,550 $9.2
Industrial Building Construction 299 5,864 $0.5
Utility System Construction 1,643 47,619 $4.3
Land Subdivision 952 7,584 $0.9
nghway,. Street, and Bridge 770 25 477 $2.4
Construction
Other Heavy Construction 439 10,006 $1.0

Source: (State of California, Employment Development Department n.d.)

The proposed change to require heat pump equipment in certain cases at HVAC and
water heating replacement would likely affect residential builders but would not impact
commercial builders or firms that focus on construction and retrofit of industrial
buildings, utility systems, public infrastructure, or other heavy construction. The effects
on the residential building industry would not be felt by all firms and workers, but

rather would be concentrated in specific industry subsectors. Table 69 shows the
residential building subsectors the Statewide CASE Team expects to be impacted by
the changes proposed in this report. Because the proposed code requirements come
only into play at HVAC and water heater replacement, they are expected to impact
mechanical and plumbing contractors primarily and residential remodelers to the extent
that they work on these types of projects. The Statewide CASE Team’s estimates of the
magnitude of these impacts are shown in Section 3.2.4 Economic Impacts.

2022 Title 24, Part 6 Draft CASE Report — 2022-SF-EAA-D | 107



Table 58: Size of the California Residential Building Industry by Subsector, 2018

Annual Payroll
(billions $)

Residential plumbing and HVAC 8,086 66,177 $3,778,328,951

contractors

Source: (State of California, Employment Development Department n.d.)

Residential Building Subsector Establishments Employment

3.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with changing building codes practices is within
the normal practices of building designers. Building codes (including the California
Energy Code) are typically updated on a three-year revision cycle and building
designers and energy consultants engage in continuing education and training in order
to remain compliant with changes to design practices and building codes.

Businesses that focus on residential, commercial, institutional, and industrial building
design are contained within the Architectural Services sector (North American Industry
Classification System 541310). Table 59 shows the number of establishments,
employment, and total annual payroll for Building Architectural Services. The code
change proposals the Statewide CASE Team is proposing for the 2022 code

cycle would potentially impact all firms within the Architectural Services sector. The
Statewide CASE Team anticipates the impacts for the residential electric equipment
replacement submeasures to affect firms that focus on single family and low-rise
multifamily construction.

There is not a North American Industry Classification System (NAICS)!! code specific
for energy consultants. Instead, businesses that focus on consulting related to building
energy efficiency are contained in the Building Inspection Services sector (NAICS
541350), which is comprised of firms primarily engaged in the physical inspection of
residential and nonresidential buildings.*? It is not possible to determine which business

11 NAICS is the standard used by Federal statistical agencies in classifying business establishments for
the purpose of collecting, analyzing, and publishing statistical data related to the U.S. business economy.
NAICS was development jointly by the U.S. Economic Classification Policy Committee (ECPC), Statistics
Canada, and Mexico's Instituto Nacional de Estadistica y Geografia, to allow for a high level of
comparability in business statistics among the North American countries. NAICS replaced the Standard
Industrial Classification (SIC) system in 1997.

12 Establishments in this sector include businesses primarily engaged in evaluating a building’s structure
and component systems and includes energy efficiency inspection services and home inspection
services. This sector does not include establishments primarily engaged in providing inspections for
pests, hazardous wastes or other environmental contaminates, nor does it include state and local
government entities that focus on building or energy code compliance/enforcement of building codes and
regulations.
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establishments within the Building Inspection Services sector are focused on energy
efficiency consulting. The information shown in Table 59 provides an upper bound
indication of the size of this sector in California.

Table 59: California Building Designer and Energy Consultant Sectors, 2018

Sector Establishments Employment Annual Payroll

(millions $)
Architectural Services @ 3,704 29,611 $2,906.7
Building Inspection Services ° 824 3,145 $223.9

Source: (State of California, Employment Development Department n.d.)

a. Architectural Services (NAICS 541310) comprises private-sector establishments primarily engaged
in planning and designing residential, institutional, leisure, commercial, and industrial buildings and
structures;

b. Building Inspection Services (NAICS 541350) comprises private-sector establishments primarily
engaged in providing building (residential & nonresidential) inspection services encompassing all
aspects of the building structure and component systems, including energy efficiency inspection
services.

3.2.3.3 Impact on Occupational Safety and Health

The proposed code change does not alter any existing federal, state, or local
regulations pertaining to safety and health, including rules enforced by the California
Division of Occupational Safety and Health (Cal/OSHA). All existing health and safety
rules would remain in place. Complying with the proposed code change is not
anticipated to have adverse impacts on the safety or health of occupants or those
involved with the construction, commissioning, and maintenance of the building.

3.2.3.4 Impact on Building Owners and Occupants (Including Homeowners and
Potential First-Time Homeowners)

According to data from the U.S. Census, American Community Survey (ACS), there
were nearly 14.3 million housing units in California in 2018 and nearly 13.1 million were
occupied (see Table 60). Most housing units (nearly 9.2 million) were single family
homes (either detached or attached), while about 2 million homes were in buildings
containing two to nine units and 2.5 million were in multifamily building containing 10 or
more units. The U.S. Census reported that 59,200 single family and 50,700 multifamily
homes were constructed in 2019.

Table 60: California Housing Characteristics, 2018

Housing Measure Estimate
Total housing units 14,277,867
Occupied housing units 13,072,122
Vacant housing units 1,205,745
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Homeowner vacancy rate 1.2%

Rental vacancy rate 4.0%

Units in Structure Estimate
1-unit, detached 8,177,141
1-unit, attached 1,014,941
2 units 358,619
3 or 4 units 783,963
5 to 9 units 874,649
10 to 19 units 742,139
20 or more units 1,787,812
Mobile home, RV, etc. 538,603

Source: (2018 American Community Survey n.d.)

Table 61 shows the distribution of California homes by vintage. About 15 percent of
California homes were built in 2000 or later and another 11 percent built between 1990
and 1999. The majority of California’s existing housing stock (8.5 million homes — 59%
of the total) were built between 1950 and 1989, a period of rapid population and
economic growth in California. Finally, about 2.1 million homes in California were built
before 1950. According to Kenney et al, 2019, more than half of California’s existing
multifamily buildings (those with five or more units) were constructed before 1978 when
there were no building energy efficiency standards (California Energy Commission
2019).

Table 61: Distribution of California Housing by Vintage, 2018

Home Vintage Units Percent Cumulative Percent
Built 2014 or later 343,448 2.4% 2.4%
Built 2010 to 2013 248,659 1.7% 4.1%
Built 2000 to 2009 1,553,769 10.9% 15.0%
Built 1990 to 1999 1,561,579 10.9% 26.0%
Built 1980 to 1989 2,118,545 14.8% 40.8%
Built 1970 to 1979 2,512,178 17.6% 58.4%
Built 1960 to 1969 1,925,945 13.5% 71.9%
Built 1950 to 1959 1,896,629 13.3% 85.2%
Built 1940 to 1949 817,270 5.7% 90.9%
Built 1939 or earlier 1,299,845 9.1% 100.0%
Total housing units 14,277,867 100%

Source: (2018 American Community Survey n.d.)
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Table 62 shows the distribution of owner- and renter-occupied housing by household
income. Overall, about 55 percent of California housing is owner-occupied and the rate
of owner-occupancy generally increases with household income. The owner-occupancy
rate for households with income below $50,000 is only 37 percent, whereas the owner
occupancy rate is 72 percent for households earning $100,000 or more.

Table 62: Owner- and Renter-Occupied Housing Units in California by Income,
2018

Household Income Total Owner Occupied Renter Occupied
Less than $5,000 391,235 129,078 262,157
$5,000 to $9,999 279,442 86,334 193,108
$10,000 to $14,999 515,804 143,001 372,803
$15,000 to $19,999 456,076 156,790 299,286
$20,000 to $24,999 520,133 187,578 332,555
$25,000 to $34,999 943,783 370,939 572,844
$35,000 to $49,999 1,362,459 590,325 772,134
$50,000 to $74,999 2,044,663 1,018,107 1,026,556
$75,000 to $99,999 1,601,641 922,609 679,032
$100,000 to $149,999 2,176,125 1,429,227 746,898
$150,000 or more 2,780,761 2,131,676 649,085
Total Housing Units 13,072,122 7,165,664 5,906,458
Median household income $75,277 $99,245 $52,348

Source: (2018 American Community Survey n.d.)

Understanding the distribution of California residents by home type, home vintage, and
household income is critical for developing meaningful estimates of the economic
impacts associated with proposed code changes affecting residents. Many proposed
code changes specifically target single family or multifamily residences and so the
counts of housing units by building type shown in Table 60 provides the information
necessary to quantify the magnitude of potential impacts. Likewise, impacts may differ
for owners and renters, by home vintage, and by household income, information
provided in Table 61 and Table 62.

For California residents, the code changes that the Statewide CASE Team is proposing
for the 2022 code cycle regulation would result in lower energy bills. When homeowners
or building occupants save on energy bills, they tend to spend it elsewhere thereby
creating jobs and economic growth for the California economy. Energy cost savings can
be particularly beneficial to low income homeowners who typically spend a higher
portion of their income on energy bills, often have trouble paying energy bills, and
sometimes go without other necessities to save money for energy bills (Association,
National Energy Assistance Directors 2011).
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3.2.3.5 Impact on Building Component Retailers (Including Manufacturers and
Distributors)

The Statewide CASE Team anticipates the proposed change would have no material

impact on California component retailers apart from a slight increase in economic

activity for manufacturers of heat pump products due to increased demand.

3.2.3.6 Impact on Building Inspectors

Table 63 shows employment and payroll information for state and local government
agencies in which many inspectors of residential and commercial buildings are
employed. Building inspectors participate in continuing training to stay current on all
aspects of building regulations, including energy efficiency. The Statewide CASE Team,
therefore, anticipates the proposed change would have no impact on employment of
building inspectors or the scope of their role conducting energy efficiency inspections.

Table 63: Employment in California State and Government Agencies with
Building Inspectors, 2018

Annual
Sector Govt. Establishments Employment Payroll
(millions $)
Administration of State 17 283 $29.0
Housing Programs? Local 36 2,882 $205.7
Urban and Rural State 35 552 $48.2
Development Admin® Local 52 2,446 $186.6

Source: (State of California, Employment Development Department n.d.)

a. Administration of Housing Programs (NAICS 925110) comprises government establishments
primarily engaged in the administration and planning of housing programs, including building codes
and standards, housing authorities, and housing programs, planning, and development.

b. Urban and Rural Development Administration (NAICS 925120) comprises government
establishments primarily engaged in the administration and planning of the development of urban
and rural areas. Included in this industry are government zoning boards and commissions.

3.2.3.7 Impact on Statewide Employment

As described in Sections 3.2.3.1 through 3.2.3.6, the Statewide CASE Team does not
anticipate significant employment or financial impacts to any particular sector of the
California economy. This is not to say that the proposed change would not have modest
impacts on employment in California. In Section 3.2.4, the Statewide CASE

Team estimated how the proposed changes for electric HVAC and water heater
replacement equipment would affect statewide employment and economic output
directly and indirectly through its impact on builders, designers and energy consultants,
and building inspectors. In addition, the Statewide CASE Team estimated how energy
savings associated with the proposed changes for electric HVAC and water heater
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replacement equipment requirements would lead to modest ongoing financial savings
for California residents, which would then be available for other economic activities.

3.2.4 Economic Impacts

For the 2022 code cycle, the Statewide CASE Team used the IMPLAN model software,
along with economic information from published sources, and professional judgement to
developed estimates of the economic impacts associated with each proposed code
changes. 13 While this is the first code cycle in which the Statewide CASE Team
develops estimates of economic impacts using IMPLAN, it is important to note that the
economic impacts developed for this report are only estimates and are based on limited
and to some extent speculative information. In addition, the IMPLAN model provides a
relatively simple representation of the California economy and, though the Statewide
CASE Team is confident that direction and approximate magnitude of the estimated
economic impacts are reasonable, it is important to understand that the IMPLAN model
is a simplification of extremely complex actions and interactions of individual,
businesses, and other organizations as they respond to changes in energy efficiency
codes. In all aspect of this economic analysis, the CASE Authors rely on conservative
assumptions regarding the likely economic benefits associated with the proposed code
change. By following this approach, the Statewide CASE Team believes the economic
impacts presented below represent lower bound estimates of the actual impacts
associated with this proposed code change.

Adoption of this code change proposal would result in relatively modest economic
impacts through the additional direct spending by those in the residential building and
remodeling industry and building inspectors, as well as indirectly as residents spend all
or some of the money saved through lower utility bills on other economic

activities. There may also be some non-residential customers that are impacted by this
proposed code change; however, the Statewide CASE Team does not anticipate such
impacts to be materially important to the building owner or have measurable economic
impacts. Table 64, Table 65, and Table 66 demonstrate economic impacts based on the
estimated additional spending from the proposed submeasures. These figures assume
that there would be no reduction in the number of homes completing relevant projects
as a direct result of these proposed code changes. Estimated impacts to the residential
construction sector and on discretionary spending by residents is based on the
incremental cost and energy savings presented in this report for each submeasure.
Estimated impacts to building inspectors are based on an increase of additional time

13 IMPLAN (Impact Analysis for Planning) software is an input-output model used to estimate the
economic effects of proposed policies and projects. IMPLAN is the most commonly used economic
impact model due to its ease of use and extensive detailed information on output, employment, and wage
information.
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required for plan review and inspection of 15 minutes per single family or multifamily
building.

Table 64: Estimated Impact that Adoption of the Proposed Measure would have
on the California Residential Construction Sector

Type of
Economic Employment
Impact

Electric  Direct Effects 83.3 $5,342,641  $9,004,292 $14,621,511
Space (Additional
Heating spending by
Residential
Builders)
Indirect Effect 32.2 $2,061,984  $3,214,013  $5,707,551
(Additional
spending by
firms supporting
Residential
Builders)

Induced Effect 39.5 $2,201,122  $3,938,874  $6,429,824
(Spending by

employees of

firms

experiencing

“direct” or

“‘indirect”

effects)

Total 155.0 $9,605,748 $16,157,179 $26,758,885
Submeasure
Impacts

Electric  Direct Effects 1,083.2 $69,437,364 $117,027,183 $190,033,180
Water (Additional
Heating spending by
Residential
Builders)
Indirect Effect 418.1 $26,799,239 $41,771,953 $74,180,022
(Additional
spending by
firms supporting
Residential
Builders)
Induced Effect 513.1 $28,607,595 $51,192,848 $83,567,281
(Spending by
employees of

Labor Total Value
Income Added

Sub-

Measure Output
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Sub-
Measure

Total Economic Impacts

Type of
Economic
Impact

firms
experiencing
“direct” or
“indirect”
effects)

Total
Submeasure
Impacts

2,014.4

Employment

Labor
Income

Total Value

Added

Output

$124,844,198 $209,991,985 $347,780,483

2,169.3 $134,449,945 $226,149,163 $374,539,368
Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.

Table 65: Estimated Impact that Adoption of the Proposed Measure would have
on California Building Inspectors

Sub-
Measure

Electric
Space
Heating

Electric
Water
Heating

Type of Economic
Impact

Direct Effects (Additional
spending by Residential
Builders)

Indirect Effect (Additional
spending by firms
supporting Residential
Builders)

Induced Effect (Spending
by employees of firms
experiencing “direct” or
“‘indirect” effects)

Total Submeasure
Impacts

Direct Effects (Additional
spending by Residential
Builders)

Indirect Effect (Additional
spending by firms
supporting Residential
Builders)

Induced Effect (Spending
by employees of firms
experiencing “direct” or
“‘indirect” effects)

Employ
ment

0.2

0.0

0.2

Labor
Income

$22,353

$1,775

$7,251

$31,379

$166,853

$13,247

$54,128

Total Value
Added

$26,432

$2,859

$12,973

$42,264

$197,307

$21,344

$96,835

Output

$31,595

$4,960

$21,183

$57,738

$235,844

$37,027

$158,121
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Sub-
Measure

Type of Economic
Impact

Total Submeasure
Impacts

Total Economic Impacts
Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.

Employ Labor Total Value

ment Income Added Output

2.8 $234,228  $315,486  $430,992
3.2 265,606.4 357,750.7 488,730.4

Table 66: Estimated Impact that Adoption of the Proposed Measure would have
on Discretionary Spending by California Residents

Sub-
Measure

Electric
Space
Heating

Electric
Water
Heating

Type of

Economic Employment

Impact

Direct Effects
(Additional
spending by
households)
Indirect Effect
(Purchases by
businesses to
meet additional
household
spending)
Induced Effect
(Spending by
employees of
businesses
experiencing
“‘indirect”
effects)

Total
Submeasure
Impacts

Direct Effects
(Additional
spending by
households)
Indirect Effect
(Purchases by
businesses to
meet additional
household
spending)

539.7

192.0

219.6

951.3

1,896.6

674.5

Labor Total Value

Income Added Output

$27,932,441 $51,376,029 $82,771,681

$13,173,091 $21,875,523 $36,804,580

$12,265,555 $21,946,859 $35,829,922

$53,371,086 $95,198,411 $155,406,183

$98,150,498 $180,527,828 $290,847,541

$46,288,307 $76,867,376 $129,325,892

2022 Title 24, Part 6 Draft CASE Report — 2022-SF-EAA-D | 116



Type of
Economic Employment
Impact

Induced Effect 771.5 $43,099,360 $77,118,042 $125,901,089
(Spending by

employees of

businesses

experiencing

“‘indirect”

effects)

Total 3,342.6 $187,538,165 $334,513,247 $546,074,522
Submeasure
Impacts

Total Economic Impacts 4,293.9 240,909,251 429,711,658 701,480,704

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.

Labor Total Value
Income Added

Sub-

Measure Output

3.2.4.1 Creation or Elimination of Jobs

The Statewide CASE Team does not anticipate that the measures proposed for the
2022 code cycle regulation would lead to the creation of new types of jobs or the
elimination of existing types of jobs. In other words, the Statewide CASE Team’s
proposed change would not result in economic disruption to any sector of the California
economy. Rather, the estimates of economic impacts discussed in Section 3.2.4

would lead to modest changes in employment of existing jobs.

3.2.4.2 Creation or Elimination of Businesses in California

As stated in Section 3.2.4.1, the Statewide CASE Team’s proposed change would not
result in economic disruption to any sector of the California economy. The proposed
change represents a modest change to electric equipment requirements at time of
HVAC and water heater replacement, which would not excessively burden or
competitively disadvantage California businesses — nor would it necessarily lead to a
competitive advantage for California businesses. Therefore, the Statewide CASE Team
does not foresee any new businesses being created, nor does the Statewide CASE
Team think any existing businesses would be eliminated due to the

proposed code changes to the California Energy Code.

3.2.4.3 Competitive Advantages or Disadvantages for Businesses in California

The code changes the Statewide CASE Team is proposing for the 2022 code
cycle would apply to all businesses operating in California, regardless of whether the
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business is located inside or outside of the state.'* Therefore, the Statewide CASE
Team does not anticipate that these measures proposed for the 2022 code

cycle regulation would have an adverse effect on the competitiveness of California
businesses. Likewise, the Statewide CASE Team does not anticipate businesses
located outside of California would be advantaged or disadvantaged.

3.2.4.4 Increase or Decrease of Investments in the State of California

The Statewide CASE Team analyzed national data on corporate profits and capital
investment by businesses that expand a firm’s capital stock (referred to as net private
domestic investment, or NPDI).1> As Table 67 shows between 2015 and 2019, NPDI as
a percentage of corporate profits ranged from 26 to 35 percent, and the average was 31
percent. While only an approximation of the proportion of business income used for net
capital investment, the Statewide CASE Team believes it provides a reasonable
estimate of the proportion of proprietor income that would be reinvested by business
owners into expanding their capital stock.

Table 67: Net Domestic Private Investment and Corporate Profits, U.S.

Net Domestic Private Corporate Profits Ratio of Net Private

Year Investment by Businesses, After Taxes, Billions Investment to
Billions of Dollars of Dollars Corporate Profits

2015 609.245 1,740.349 35%
2016 455.980 1,739.838 26%
2017 509.276 1,813.552 28%
2018 618.247 1,843.713 34%
2019 580.849 1,826.971 32%
5-Year Average 31%

Source: (Federal Reserve Economic Data n.d.)

The estimated increase in investment in California is $18.6 million. The Statewide CASE
Team does not anticipate that the economic impacts associated with the proposed
measure would lead to significant change (increase or decrease) in investment in any
directly or indirectly affected sectors of California’s economy. Nevertheless, the
Statewide CASE Team is able to derive a reasonable estimate of the change in

14 Gov. Code, §§ 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR § 2003(a)(3) Competitive advantages or
disadvantages for California businesses currently doing business in the state.

15 Net private domestic investment is the total amount of investment in capital by the business sector that
is used to expand the capital stock, rather than maintain or replace due to depreciation. Corporate profit is
the money left after a corporation pays its expenses.
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investment by California businesses by multiplying the sum of Business Income
estimated in Table 64 through Table 66 above by 31 percent.

3.2.4.5 Effects on the State General Fund, State Special Funds, and Local
Governments

The Statewide CASE Team does not expect the proposed code changes to have a
measurable impact on the California’s General Fund, any state special funds, or local
government funds.

Cost of Enforcement

Cost to the State

State government already has budget for code development, education, and
compliance enforcement. While state government would be allocating resources to
update the Title 24, Part 6 Standards, including updating education and compliance
materials and responding to questions about the revised requirements, these activities
are already covered by existing state budgets. The costs to state government are small
when compared to the overall costs savings and policy benefits associated with the
code change proposals. Because the proposed code change applies to residential
buildings alone, impact to state buildings is not expected.

Cost to Local Governments

All revisions to Title 24, Part 6 would result in changes to compliance determinations.
Local governments would need to train building department staff on the revised Title 24,
Part 6 Standards. While this re-training is an expense to local governments, it is not a
new cost associated with the 2022 code change cycle. The building code is updated on
a triennial basis, and local governments plan and budget for retraining every time the
code is updated. There are numerous resources available to local governments to
support compliance training that can help mitigate the cost of retraining, including tools,
training and resources provided by the IOU codes and standards program (such as
Energy Code Ace). As noted in Section 3.1.5 and Appendix F, the Statewide CASE
Team considered how the proposed code change might impact various market actors
involved in the compliance and enforcement process and aimed to minimize negative
impacts on local governments.

3.2.4.6 Impacts on Specific Persons

While the objective of any of the Statewide CASE Team’s proposal is to promote energy
efficiency, the Statewide CASE Team recognizes that there is the potential that a
proposed update to the 2022 code cycle may result in unintended consequences. The
Statewide CASE Team does not expect that the proposed submeasures would result in
negative impacts on specific persons.
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3.3 Energy Savings

As of the Draft CASE Report’s date of publication, the Energy Commission has not
released the final 2022 TDV factors that are used to evaluate TDV energy savings and
cost effectiveness. The energy and cost analysis presented in this report used the TDV
factors that were released in the 2022 CBECC-Res research version that was released
in December 2019. These TDV factors were consistent with the TDV factors that the
Energy Commission presented during their public workshop on compliance metrics held
October 17, 2019 (California Energy Commission 2019). The electricity TDV factors did
not include the 15 percent retail adder and the natural gas TDV factors did not include
the impact of methane leakage on the building site, updates that the Energy
Commission presented during their workshop on March 27, 2020. Presentations from
Bruce Wilcox and NORESCO during the March 27, 2020 workshop indicated that the 15
percent retail adder and methane leakage would result in most energy efficiency
measures having slightly higher TDV energy and energy cost savings than using the
TDV factors without these refinements. As a result, the TDV energy savings presented
in this report are lower than the values that would have been obtained using TDV with
the 15 percent retail adder and methane leakage, and the proposed code changes
would be more cost effective using the revised TDV. The Energy Commission notified
the Statewide CASE Team on April 21, 2020 that they were investigating further
refinements to TDV factors using 20-year global warming potential (GWP) values
instead of the 100-year GWP values that were used to derive the current TDV factors. It
is anticipated that the 20-year GWP values may increase the TDV factors slightly
making proposed changes that improve energy efficiency more cost effective. Energy
savings presented in kWh and therms are not affected by TDV or demand factors.

When the Energy Commission releases the final TDV factors, the Statewide CASE
Team will consider the need to re-evaluate energy savings and cost-effectiveness
analyses using the final TDV factors for the results that will be presented in the Final
CASE Report.

The Energy Commission is developing a source energy metric (energy design rating or
EDR 1) for the 2022 code cycle. As of the date this Draft CASE Report was published,
the source energy metric has not been finalized and the Energy Commission has not
provided guidance on analyses they would like to see regarding the impact of proposed
code changes relative to the source energy metric. Pending guidance from the Energy
Commission, the Final CASE Reports may include analyses on the source energy
metric.

3.3.1 Key Assumptions for Energy Savings Analysis

The energy savings analysis relies on results of California Building Energy Code
Compliance (CBECC) software simulations to estimate energy use for single family and
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multifamily prototype buildings. Various scenarios were evaluated comparing electric

heat pump with electric resistance technology against a range of basecase conditions
(i.e. water heater location). The prototypes evaluated all use electricity for both space
heating and water heating. All sixteen climate zones were evaluated.

3.3.2 Energy Savings Methodology

3.3.2.1 Energy Savings Methodology per Prototypical Building

The Energy Commission directed the Statewide CASE Team to model the energy
impacts using specific prototypical building models that represent typical building
geometries for different types of buildings. These prototypes represent new construction
buildings and therefore in some cases the prototypes were revised to better reflect the
existing building stock relative to new construction. The prototype buildings that the
Statewide CASE Team used in the analysis are presented in Table 68. Refer to
Appendix H for further details on the prototypes.

These proposals impact single family and multifamily buildings with individual space
heating and water heating systems and were evaluated for the single family alteration
prototype and the low-rise garden prototype. The low-rise loaded corridor prototype was
not evaluated because the energy savings and cost effectiveness are expected to be
very similar to the low-rise garden prototype.

Table 68: Prototype Buildings Used for Energy, Demand, Cost, and Environmental
Impacts Analysis

Number Floor
Prototype u Area e Measures
Name of (square Description evaluated
Stories q
feet)
. , Space
Single Family 1 1 Single story hqll.Jse with attaclhed heating,
Alteration ,665 garage. 8-ft ceilings. Steep-s ope Water
roof above attic with ducts in attic. .
heating
2-story, 8-unit apartment building. Space
Low-Rise Average dwelling unit size: 870 ft2. h eztin
Garden 2 6,960 Individual HVAC & DHW systems. Wate?’
Multifamily Steep-slope roof above attic with heating

ducts in attic.

The Statewide CASE Team estimated energy and demand impacts by simulating the
proposed code change using the 2022 Research Version of the CBECC software for
residential buildings (CBECC-Res for low-rise residential (California Energy
Commission 2019c¢)).
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CBECC-Res generates two models based on user inputs: the Standard Design and the
Proposed Design.® The Standard Design represents the geometry of the design that
the builder would like to build and inserts a defined set of features that result in an
energy budget that is minimally compliant with 2019 Title 24, Part 6 code requirements.
Features used in the Standard Design are described in the 2019 Residential ACM
Reference Manual for low-rise residential buildings. The Proposed Design represents
the same geometry as the Standard Design, but it assumes the energy features that the
software user describes with user inputs. To develop savings estimates for the
proposed code changes, the Statewide CASE Team created a Standard Design and
Proposed Design for each prototypical building.

There is an existing Title 24, Part 6 requirement that covers the building system in
question, so the Standard Design is minimally compliant with the 2019 Title 24
requirements with two exceptions for alterations. For single family buildings the
Standard Design applied in this analysis differs from that calculated from the CBECC-
Res software in one respect. The existing condition building infiltration assigned to the
existing home (10 ACH50) is not reflected in the CBECC-Res Standard Design
calculation per the ACM Reference Manual rules. For multifamily buildings the Standard
Design applied in this analysis differs from that calculated from the CBECC-Res
software in one respect. Ductwork was located within the vented attic, which is common
for this building type, while the CBECC-Res Standard Design for multifamily buildings
assumes that ductwork is located within conditioned space. Therefore, two simulations
were conducted for each submeasure: one to represent the revised Standard Design
and another to represent the Proposed Design. Refer to Appendix H for additional
details.

The Proposed Design was identical to the Standard Design in all ways except for the
revisions that represent the proposed changes to the code. Table 69 through Table 70
present precisely which parameters were modified and what values were used in the
Standard Design and Proposed Design. Specifically, the proposed conditions assume a
heat pump space heating or water heating system in place of an electric resistance
heating system. The water heating system was located in an attached garage for single
family and an exterior closet for low-rise multifamily.

16 CBECC-Res creates a third model, the Reference Design, that represents a building similar to the
Proposed Design, but with construction and equipment parameters that are minimally compliant with the
2006 International Energy Conservation Code (IECC). The Statewide CASE Team did not use the
Reference Design for energy impacts evaluations.
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Comparing the energy impacts of the Standard Design to the Proposed Design reveals
the impacts of the proposed code change relative to a building that is minimally
compliant with the 2019 Title 24, Part 6 requirements.

Table 69: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change for Electric Space Heating Equipment Replacements

Prototype Climate Parameter Name Standard Design = Proposed Design
ID Zone Parameter Value = Parameter Value
HVAC System: Other Heating and l:l:;tinPu;]%
System Type Cooling System Cooling gystem
Single Electric — All
Family Heating System: electric heating N/A
Alteration & Al Type systems other than
Low-Rise heat pump
Garden SplitHeatPump —
Multifamily Heat Ffump N/A Central split heat
System: Type pump
Heat Pump N/A 8.2

System: HSPF

Table 70: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change for Electric Water Heating Equipment Replacements

Standard Proposed

Climate Design Design
PrototypeID  ~, . Parameter Name Paramgeter Paramgeter
Value Value
Water Heater: Heater Type o Eslfs(igfce ;luen?:)
Consumer
Single Family Water Heater: Tank Type Storage N/A
Alteration & (UEF)
Low-Rise All Water Heater: Uniform 0.92 N/A
Garden Energy Factor '
Multifamily Yes
Water Heater: NEEA Rated N/A (Generic)
Water Heater: Model N/A U@I]EalTlgn(SS)O

CBECC-Res calculates whole-building energy consumption for every hour of the year
measured in kilowatt-hours per year (kWh/yr) and therms per year (therms/yr). It then
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applies the 2022 time dependent valuation (TDV) factors to calculate annual energy use
in kilo British thermal units per year (TDV kBtu/yr) and annual peak electricity demand
reductions measured in kilowatts (kW). CBECC-Res also generates TDV energy cost
savings values measured in 2023 present value dollars (2023 PV$) and nominal dollars.

The energy impacts of the proposed code change vary by climate zone. The Statewide
CASE Team simulated the energy impacts in every climate zone and applied the
climate-zone specific TDV factors when calculating energy and energy cost impacts.

Per unit energy impacts for single family buildings are presented in savings per
prototype building. Per-unit energy impacts for multifamily buildings are presented in
savings per dwelling unit. Annual energy and peak demand impacts for each prototype
building were translated into impacts per dwelling unit by dividing by the number of
dwelling units in the prototype building.

3.3.2.2 Statewide Energy Savings Methodology

The per-unit energy impacts were extrapolated to statewide impacts using the
Statewide Construction Forecasts that the Energy Commission provided (California
Energy Commission 2019d). The Statewide Construction Forecasts estimate the size of
the total existing building stock by building type and climate zone in 2023, the first year
that the 2022 Title 24, Part 6 requirements are in effect. In order to translate per unit
savings to statewide energy impacts, The Statewide CASE Team conducted research
to determine appropriate weighting factors for each submeasure. Table 71 and Table 72
present the prototypical buildings and weighting factors used for the electric space
heating and water heating submeasures. The percent of building type represented by
prototype is 100 percent for single family since there is only a single prototype. The
portion of multifamily impacted is based on the portion of total California multifamily
dwelling units in buildings three stories or less, according to the CoStar database
(CoStar 2018). The percent of prototype impacted by the proposed code change is
estimated based on the 2009 Residential Appliance Saturation Study (California Energy
Commission 2009) and CalCERTS data ( (CalCERTS 2020). Appendix A presents
additional information about the methodology and assumptions used to calculate
statewide energy impacts.
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Table 71: Residential Building Types and Associated Prototype Weighting for the
Electric Space Heating Submeasure

Weighting Factors for Statewide Impacts

Building Analysis
Type ID from Building o - 0
Statewide Prototype for % of Building % of Prototype Total
Construction Energy Modeling Type Impacted by Weighting
Represented Proposed Code
Forecast Factor
by Prototype Change
. : Single Family o o o
Single Family Alteration 100% 0.03% 0.03%
Multifamily Low-Rise Garden 84% 0.10% 0.09%

Table 72: Residential Building Types and Associated Prototype Weighting for the
Electric Water Heating Submeasure

Weighting Factors for Statewide Impacts

Building Analysis
Type ID from Building o S o
Construction Energy Modeling Type Impacted by Weighting
Represented Proposed Code
Forecast Factor
by Prototype Change
. , Single Family o o o
Single Family Alteration 100% 0.26% 0.26%
Multifamily Low-Rise Garden 84% 0.78% 0.65%

3.3.3 Per-Unit Energy Impacts Results

3.3.3.1 Electric Space Heating Equipment

Energy savings and peak demand reductions per unit are presented in Table 73 through
Table 74 for the single family and multifamily prototypes. The per-unit energy savings
figures do not account for naturally occurring market adoption or compliance rates. For
the single family prototype per-unit savings for the first year are expected to range from
326 to 6,604 kWh/yr depending upon climate zone. There are no natural gas savings or
demand reductions for this submeasure.

Table 73: Electric Space Heating Replacements First-Year Energy Impacts Per
Home — Single Family Alteration

Climate Electr_icity Peak Electr_icity Natural _Gas TDV Em_argy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermslyr) (TDV kBtulyr)

1 6,365 0.000 0.0 191,408

2 3,068 0.000 0.0 88,012
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Electricity Peak Electricity Natural Gas TDV Energy

CIZi:)nna:e Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtulyr)
3 2,355 0.000 0.0 70,779
1,774 0.000 0.0 54,229
5 1,624 0.000 0.0 52,131
6 525 0.000 0.0 16,500
7 332 0.000 0.0 9,441
8 735 0.000 0.0 22,378
9 1,093 0.000 0.0 32,801
10 1,432 0.000 0.0 42,291
11 3,716 0.000 0.0 105,811
12 3,408 0.000 0.0 99,301
13 2,440 0.000 0.0 73,377
14 3,233 0.000 0.0 92,408
15 326 0.000 0.0 10,373
16 6,604 0.022 0.0 219,281

Table 74: Electric Space Heating Replacements First-Year Energy Impacts Per
Home - Low-Rise Garden Multifamily

Climate Electr_icity Peak Electr_icity Natural _Gas TDV En?rgy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtulyr)

1 2,279 0.000 0.0 69,800

2 1,093 0.012 0.0 33,460

3 747 0.000 0.0 23,064

4 580 0.000 0.0 18,122

5 543 0.000 0.0 17,678

6 123 0.000 0.0 3,906

7 64 0.000 0.0 1,784

8 271 0.040 0.0 9,492

9 429 0.043 0.0 14,329

10 588 0.055 0.0 18,896

11 1,480 0.068 0.0 44,640

12 1,355 0.029 0.0 42,160

13 1,107 0.082 0.0 35,487

14 1,302 0.061 0.0 39,837
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Electricity Peak Electricity Natural Gas TDV Energy

CIZi:)nna:e Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtulyr)
15 339 0.097 0.0 12,371
16 2,475 0.000 0.0 87,505

3.3.3.2 Electric Water Heating Equipment

Energy savings and peak demand reductions per unit are presented in Table 75 through
Table 76 for the single family and low-rise garden prototype, respectively. The per-unit
energy savings figures do not account for naturally occurring market adoption or
compliance rates. For the single family prototype per-unit savings for the first year are
expected to range from 1,079 to 1,624 kWh/yr depending upon climate zone. There are
no natural gas savings for this submeasure. Demand reductions are expected to range
between 0.048 kW and 0.362 kW depending on climate zone.

Energy savings are based on the water heater located in the garage for single family
and an exterior closet for multifamily.

Table 75: Electric Water Heating Replacements First-Year Energy Impacts Per
Home - Single Family Alteration

Climate Electr_icity Peak Electr_icity Natural _Gas TDV En(_argy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermslyr) (TDV kBtulyr)
1 1,592 0.190 0.0 43,190
2 1,377 0.239 0.0 38,595
3 1,406 0.349 0.0 43,240
4 1,375 0.287 0.0 36,580
5 1,404 0.362 0.0 37,446
6 1,393 0.186 0.0 36,813
7 1,394 0.126 0.0 36,247
8 1,358 0.077 0.0 32,801
9 1,341 0.071 0.0 32,035
10 1,320 0.076 0.0 32,717
11 1,262 0.148 0.0 32,101
12 1,333 0.132 0.0 34,449
13 1,285 0.151 0.0 33,383
14 1,231 0.048 0.0 31,885
15 1,079 0.212 0.0 27,289
16 1,624 0.216 0.0 45,138
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Table 76: Electric Water Heating Replacements First-Year Energy Impacts Per
Home — Low-Rise Garden Multifamily

Climate Electr_icity Peak Electr_icity Natural _Gas TDV Em_ergy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtulyr)
1 966 0.166 0.0 23,925
2 1,031 0.149 0.0 25,700
3 1,160 0.085 0.0 29,589
4 1,111 0.094 0.0 29,041
5 1,131 0.097 0.0 28,675
6 1,144 0.102 0.0 29,110
7 1,148 0.111 0.0 29,023
8 1,103 0.108 0.0 28,005
9 1,100 0.128 0.0 28,040
10 1,042 0.094 0.0 25,578
11 933 0.094 0.0 23,969
12 1,025 0.096 0.0 26,840
13 947 0.106 0.0 24,029
14 907 0.097 0.0 21,872
15 874 0.066 0.0 21,585
16 668 0.117 0.0 15,590

3.4 Cost and Cost Effectiveness

3.4.1 Energy Cost Savings Methodology

Energy cost savings were calculated by applying the TDV energy cost factors to the
energy savings estimates that were derived using the methodology described in Section
3.3.2. TDV is a normalized metric to calculate energy cost savings that accounts for the
variable cost of electricity and natural gas for each hour of the year, along with how
costs are expected to change over the period of analysis (30 years for residential
measures). The TDV cost impacts are presented in nominal dollars and in 2023 present
value dollars and represent the energy cost savings realized over 30 years. TDV energy
cost factors of 0.173 2023 PV$/kBtu and 0.173 Nominal$/kBtu were applied.

3.4.2 Energy Cost Savings Results

3.4.2.1 Electric Space Heating Equipment

Per-unit energy cost savings for newly constructed buildings and alterations that are
realized over the 30-year period of analysis are presented in 2023 dollars in Table 77
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through Table 78. Further analysis showing the value in nominal dollars can be found in
Appendix B. The TDV methodology allows peak electricity savings to be valued more
than electricity savings during non-peak periods. There are no peak savings for this
submeasure since it is a heating measure.

Table 77: Electric Space Heating Replacements 2023 PV TDV Energy Cost
Savings Over 30-Year Period of Analysis — Per Prototype Home - Single Family
Alterations

Climate 30-Year TDV Electr_icity 30-Year TDV Nat_ural Total 30-Year :I'DV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)
1 $33,114 $0 $33,114
2 $15,226 $0 $15,226
3 $12,245 $0 $12,245
4 $9,382 $0 $9,382
5 $9,019 $0 $9,019
6 $2,855 $0 $2,855
7 $1,633 $0 $1,633
8 $3,871 $0 $3,871
9 $5,674 $0 $5,674
10 $7,316 $0 $7,316
11 $18,305 $0 $18,305
12 $17,179 $0 $17,179
13 $12,694 $0 $12,694
14 $15,986 $0 $15,986
15 $1,795 $0 $1,795
16 $37,936 $0 $37,936

Table 78: Electric Space Heating Replacements 2023 PV TDV Energy Cost
Savings Over 30-Year Period of Analysis — Per Prototype Home — Low-Rise
Garden Multifamily

Climate 30-Year TDV Electr.icity 30-Year TDV Nat.ural Total 30-Year :I'DV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PVS$) (2023 PV$) (2023 PV$)

1 $12,075 $0 $12,075

2 $5,789 $0 $5,789

3 $3,990 $0 $3,990

4 $3,135 $0 $3,135

5 $3,058 $0 $3,058
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30-Year TDV Electricity 30-Year TDV Natural Total 30-Year TDV

Cg:)nnaete Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)
6 $676 $0 $676
7 $309 $0 $309
8 $1,642 $0 $1,642
9 $2,479 $0 $2,479
10 $3,269 $0 $3,269
11 $7,723 $0 $7,723
12 $7,294 $0 $7,294
13 $6,139 $0 $6,139
14 $6,892 $0 $6,892
15 $2,140 $0 $2,140
16 $15,138 $0 $15,138

3.4.2.2 Electric Water Heating Equipment

Per-unit energy cost savings for newly constructed buildings and alterations that are
realized over the 30-year period of analysis are presented in 2023 dollars in Table 79
through Table 80. Further analysis showing the value in nominal dollars can be found in
Appendix B. The TDV methodology allows peak electricity savings to be valued more
than electricity savings during non-peak periods.

Table 79: Electric Water Heating Replacements 2023 PV TDV Energy Cost Savings
Over 30-Year Period of Analysis — Per Prototype Home — Single Family Alterations

Climate 30-Year TDV Electr_icity 30-Year TDV Nat_ural Total 30-Year :I'DV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 $7,472 $0 $7,472

2 $6,677 $0 $6,677

3 $7,481 $0 $7,481

4 $6,328 $0 $6,328

5 $6,478 $0 $6,478

6 $6,369 $0 $6,369

7 $6,271 $0 $6,271

8 $5,674 $0 $5,674

9 $5,542 $0 $5,542

10 $5,660 $0 $5,660

11 $5,554 $0 $5,554
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30-Year TDV Electricity 30-Year TDV Natural Total 30-Year TDV

Cg:)nnaete Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)
12 $5,960 $0 $5,960
13 $5,775 $0 $5,775
14 $5,516 $0 $5,516
15 $4,721 $0 $4,721
16 $7,809 $0 $7,809

Table 80: Electric Water Heating Replacements 2023 PV TDV Energy Cost Savings
Over 30-Year Period of Analysis — Per Prototype Home — Low-Rise Garden
Multifamily

Climate 30-Year TDV Electr_icity 30-Year TDV Nat_ural Total 30-Year :I'DV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)
1 $4,139 $0 $4,139
2 $4,446 $0 $4,446
3 $5,119 $0 $5,119
4 $5,024 $0 $5,024
5 $4,961 $0 $4,961
6 $5,036 $0 $5,036
7 $5,021 $0 $5,021
8 $4,845 $0 $4,845
9 $4,851 $0 $4,851
10 $4,425 $0 $4,425
11 $4,147 $0 $4,147
12 $4,643 $0 $4,643
13 $4,157 $0 $4,157
14 $3,784 $0 $3,784
15 $3,734 $0 $3,734
16 $2,697 $0 $2,697

3.4.3 Incremental First Cost

3.4.3.1 Electric Space Heating Equipment

Incremental costs for this measure reflect the difference between replacing an electric
resistance furnace and condenser unit with a split heat pump. Estimated costs are
based on data collected from online product research from distributor websites. Cost
data was validated based on stakeholder feedback during interviews and meetings.
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The estimated incremental cost used in this analysis is $408 per system for material for
a 3-ton system. There is no incremental labor cost for this measure since both the
basecase and the upgrade case include replacing the outdoor compressor unit which in
both instances would require refrigerant charging and duct testing. While HERS testing
is required, the requirements do not differ between the basecase and upgrade case.

3.4.3.2 Electric Water Heating Equipment

Incremental costs for this measure reflect the difference between replacing an electric
resistance water heater with a heat pump water heater. Estimated costs are based on
data collected from stakeholder interviews and review of a quote for a multifamily
project where water heaters were mostly located within conditioned space.

The estimated incremental cost used in this analysis is $2,000 per system which
includes both material and labor. Of the four cost estimates received two were rough
and cited $1,500 per system. The third cost estimate was for $2,236. The fourth was the
multifamily project quote which estimated an incremental cost of about $2,500 per
system. This quote included a cost of about $500 per system for a condensate pump,
which is necessary in this application because the water heaters were located within
conditioned space. Since this submeasure is based on water heaters located in a
garage or an exterior closet, condensate pumps are typically not required, and the
condensate can be disposed of with a gravity fed line. After removing the cost of the
condensate pumps the incremental cost is closer to $2,000. A couple of mechanical
contractors commented that the additional cost for a heat pump water heater within the
conditioned space relative to a garage for single family homes is $500 to $900 per
system.

3.4.4 Incremental Maintenance and Replacement Costs

Incremental maintenance cost is the incremental cost of replacing the equipment or
parts of the equipment, as well as periodic maintenance required to keep the equipment
operating relative to current practices over the 30-year period of analysis. The present
value of equipment maintenance costs (savings) was calculated using a 3 percent
discount rate (d), which is consistent with the discount rate used when developing the
2022 TDV. The present value of maintenance costs that occurs in the nt" year is
calculated as follows:

1 n
Present Value of Maintenance Cost = Maintenance Cost X ll n dJ

3.4.4.1 Electric Space Heating Equipment

The electric furnace and air conditioner have an estimated useful life of 20 years which
the heat pump has an estimated useful life of 15 years based on DEER (Statewide
Reach Code Team 2019). The present values of the replacement costs at year 15 and
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20 are calculated and based on a total installed cost of $5,000 for the electric resistance
furnace and air conditioner and $5,408 for the heat pump. At the end of the 30-year
period of analysis there are 10 years of useful life remaining for the electric resistance
furnace and air conditioner. The value of this is calculated and subtracted from the total
present value of the cost of the system. The total present value of the incremental cost
for this code change proposal is $2,141, see Table 81 for details. There is no difference
in regular maintenance between the two system types.

Table 81: Electric Space Heating Summary of Replacement Cost

Electric Resistance  Split Heat

Furnace & Air Conditioner Pump
First Cost $5,000 $5,408
Useful Life 20 15
Present Value of Replacement Cost at i $3.471
Year 15
Present Value of Replacement Cost at
Year 20 $2,768 )
Present Value of Remaining Useful Life
at Year 30 ($1,030) )
Total Cost $6,738 $8,879
Incremental Cost - $2,141

3.4.4.2 Electric Water Heating Equipment

The electric resistance and the heat pump water heater have an estimated useful life of
15 years based on Northwest Energy Efficiency Alliance study (Northwest Energy
Efficiency Alliance 2016). The present values of the replacement costs at year 13 and
26 are calculated and based on a total installed cost of $1,000 for the electric resistance
water heater and $3,000 for the heat pump. At the end of the 30-year period of analysis
there are 9 years of useful life remaining for both water heaters. The value of this is
calculated and subtracted from the total present value of the cost of the system. The
total present value of the incremental cost for this code change proposal is $3,719, see
Table 82 for details. There is no difference in regular maintenance between the two
system types.

Table 82: Electric Water Heating Summary of Replacement Cost

Electric Resistance Heat Pump
Water Heater Water Heater

First Cost $1,000 $3,000
Useful Life 13 13
Present Value of Replacement Cost at Year 13 $680 $2,043
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Electric Resistance Heat Pump
Water Heater Water Heater

Present Value of Replacement Cost at Year 26 $464 $1,391
Present Value of Remaining Useful Life at

Year 30 ($285) ($856)

Total Cost $1,859 $5,578

Incremental Cost - $3,719

3.4.5 Cost Effectiveness

This measure proposes a prescriptive requirement. As such, a cost analysis is required
to demonstrate that the measure is cost effective over the 30-year period of analysis.

The Energy Commission establishes the procedures for calculating cost effectiveness.
The Statewide CASE Team collaborated with Energy Commission staff to confirm that
the methodology in this report is consistent with their guidelines, including which costs
were included in the analysis. The incremental first cost and incremental maintenance
costs over the 30-year period of analysis were included. The TDV energy cost savings
from electricity and natural gas savings were also included in the evaluation.

Design costs were not included nor were the incremental costs of code compliance
verification.

According to the Energy Commission’s definitions, a measure is cost effective if the
benefit-to-cost (B/C) ratio is greater than 1.0. The B/C ratio is calculated by dividing the
cost benefits realized over 30 years by the total incremental costs, which includes
maintenance costs for 30 years. The B/C ratio was calculated using 2023 PV costs and
cost savings.

3.4.5.1 Electric Space Heating Equipment

Results of the per-unit cost-effectiveness analyses are presented in Table 83 through
Table 84.

The proposed measure saves money over the 30-year period of analysis relative to the
existing conditions in all climate zones except for 7 and 15 for single family buildings
and 6 through 8 and 15 for multifamily buildings, where heating loads are very low.

Table 83: Electric Space Heating Replacements 30-Year Cost-Effectiveness
Summary Per Home - Single Family Alterations

Benefits Costs
Climate TDV Energy Cost Savings + Total Incremental PV~ Benefit-to-
Zone Other PV Savings? Costs®  Cost Ratio
(2023 PV$) (2023 PVS$)
1 $33,114 $2,141 15.47
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Benefits Costs

Climate TDV Energy Cost Savings + Total Incremental PV~ Benefit-to-
Zone Other PV Savings? Costs®  Cost Ratio
(2023 PVS$) (2023 PV$)
2 $15,226 $2,141 7.11
3 $12,245 $2,141 5.72
4 $9,382 $2,141 4.38
5 $9,019 $2,141 4.21
6 $2,855 $2,141 1.33
7 $1,633 $2,141 0.76
8 $3,871 $2,141 1.81
9 $5,674 $2,141 2.65
10 $7,316 $2,141 3.42
11 $18,305 $2,141 8.55
12 $17,179 $2,141 8.02
13 $12,694 $2,141 5.93
14 $15,986 $2,141 7.47
15 $1,795 $2,141 0.84
16 $37,936 $2,141 17.72

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (hominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.

Table 84: Electric Space Heating Replacements 30-Year Cost-Effectiveness
Summary Per Home - Low-Rise Garden Multifamily

Benefits Costs
Climate TDV Energy Cost Savings + Total Incremental PV =~ Benefit-to-
Zone Other PV Savings? Costs®  Cost Ratio
(2023 PV$) (2023 PV$)
1 $12,075 $2,141 5.64
2 $5,789 $2,141 2.70
3 $3,990 $2,141 1.86
4 $3,135 $2,141 1.46
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Benefits Costs

Climate TDV Energy Cost Savings + Total Incremental PV =~ Benefit-to-
Zone Other PV Savings? Costs®  Cost Ratio
(2023 PVS$) (2023 PVS$)
5 $3,058 $2,141 1.43
6 $676 $2,141 0.32
7 $309 $2,141 0.14
8 $1,642 $2,141 0.77
9 $2,479 $2,141 1.16
10 $3,269 $2,141 1.53
11 $7,723 $2,141 3.61
12 $7,294 $2,141 3.41
13 $6,139 $2,141 2.87
14 $6,892 $2,141 3.22
15 $2,140 $2,141 0.9998
16 $15,138 $2,141 7.07

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (nominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.

3.4.5.2 Electric Water Heating Equipment

Results of the per-unit cost-effectiveness analyses are presented in Table 85 through
Table 86.

The proposed measure saves money over the 30-year period of analysis relative to the
existing conditions. The proposed code change is cost effective in every climate zone
except in Climate Zone 16 for multifamily buildings.
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Table 85: Electric Water Heating Replacements 30-Year Cost-Effectiveness
Summary Per Home - Single Family Alterations

Benefits Costs
Climate TDV Energy Cost Savings +  Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PV$)
1 $7,472 $3,719 2.01
2 $6,677 $3,719 1.80
3 $7,481 $3,719 2.01
4 $6,328 $3,719 1.70
5 $6,478 $3,719 1.74
6 $6,369 $3,719 1.71
7 $6,271 $3,719 1.69
8 $5,674 $3,719 1.53
9 $5,542 $3,719 1.49
10 $5,660 $3,719 1.52
11 $5,554 $3,719 1.49
12 $5,960 $3,719 1.60
13 $5,775 $3,719 1.55
14 $5,516 $3,719 1.48
15 $4,721 $3,719 1.27
16 $7,809 $3,719 2.10

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (hominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the Benefit-to-Cost ratio is infinite.

Table 86: Electric Water Heating Replacements 30-Year Cost-Effectiveness
Summary Per Home — Low-Rise Garden Multifamily

Benefits Costs
Climate @ TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PVS$)
1 $4,139 $3,719 1.11
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Benefits Costs

Climate @ TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PV$)
2 $4,446 $3,719 1.20
3 $5,119 $3,719 1.38
4 $5,024 $3,719 1.35
5 $4,961 $3,719 1.33
6 $5,036 $3,719 1.35
7 $5,021 $3,719 1.35
8 $4,845 $3,719 1.30
9 $4,851 $3,719 1.30
10 $4,425 $3,719 1.19
11 $4,147 $3,719 1.12
12 $4,643 $3,719 1.25
13 $4,157 $3,719 1.12
14 $3,784 $3,719 1.02
15 $3,734 $3,719 1.00
16 $2,697 $3,719 0.73

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (hominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the Benefit-to-Cost ratio is infinite.

3.5 First-Year Statewide Impacts

3.5.1 Statewide Energy and Energy Cost Savings

The Statewide CASE Team calculated the first-year statewide savings for new
construction by multiplying the per-unit savings, which are presented in Section 3.3.3,
by assumptions about the percentage of existing buildings that would be impacted by
the proposed code. The statewide existing building forecast for 2023 is presented in
Appendix A as are the Statewide CASE Team’s assumptions about the percentage of
existing buildings that would be impacted by the proposal (by climate zone and building

type).
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The first-year energy impacts represent the first-year annual savings from all buildings
that were completed in 2023. The 30-year energy cost savings represent the energy
cost savings over the entire 30-year analysis period. The statewide savings estimates
do not take naturally occurring market adoption or compliance rates into account.

3.5.1.1 Electric Space Heating Equipment

Table 87 presents the first-year statewide energy and energy cost savings by climate
zone.

Table 87: Electric Space Heating Replacements Statewide Energy and Energy
Cost Impacts

Statewide Existing . . 30-Year
Building Stock First. | rst-Year First-Year Present
Peak Natural
. Impacted by Year? . Valued
Climate . Electrical Gas
Proposed Change Electricity . Energy Cost
Zone . . Demand Savings -
in 2023 Savings . L Savings
: . Reduction (million -
(single family & (GWh) (MW) therms) (million 2023
multifamily: units) PV$)
1 0 0.00 0.00 0.00 $0.00
2 0 0.00 0.00 0.00 $0.00
3 471 0.35 (0.00) 0.00 $1.88
4 1,773 1.13 0.00 0.00 $6.11
5 0 0.00 (0.00) 0.00 $0.00
6 228 0.12 0.00 0.00 $0.65
7 N/A N/A N/A N/A N/A
8 114 0.08 0.00 0.00 $0.44
9 1,820 1.51 0.03 0.00 $8.01
10 687 0.70 0.02 0.00 $3.65
11 651 2.42 0.00 0.00 $11.92
12 521 1.11 0.01 0.00 $5.75
13 279 0.59 0.01 0.00 $3.10
14 45 0.09 0.00 0.00 $0.44
15 N/A N/A N/A N/A N/A
16 242 1.17 0.00 0.00 $6.84
TOTAL 6,830 9.27 0.07 0.00 $48.79

a. First-year savings from all buildings completed statewide in 2023.
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3.5.1.2 Electric Water Heating Equipment

Table 88 presents the first-year statewide energy and energy cost savings by climate
zone.

Table 88: Electric Water Heating Replacements Statewide Energy and Energy
Cost Impacts

Statewide Existing First- . First-
Building Stock  Year? First-Year Year 30-Year
. Peak Present Valued
. Impacted by Electric - Natural
Climate . Electrical Energy Cost
Proposed Change ity Gas -
Zone . . Demand . Savings
in 2023 Saving . Savings .
i . Reduction - (million 2023
(single family & S (MW) (million PV$)
multifamily: units) (GWh) therms)
1 282 0.40 0.05 0.00 $1.83
2 2,121 2.75 0.46 0.00 $13.04
3 4,826 6.04 0.88 0.00 $28.91
4 3,480 4.04 0.46 0.00 $18.36
5 996 1.20 0.17 0.00 $5.34
6 4,434 5.27 0.52 0.00 $23.39
7 2,972 3.56 0.34 0.00 $15.68
8 4,417 5.21 0.44 0.00 $22.49
9 6,470 7.48 0.74 0.00 $32.42
10 3,842 4.77 0.31 0.00 $20.43
11 2,771 3.13 0.35 0.00 $13.81
12 9,021 10.82 1.05 0.00 $48.59
13 3,445 4.28 0.50 0.00 $19.20
14 869 1.03 0.05 0.00 $4.59
15 640 0.66 0.11 0.00 $2.85
16 514 0.83 0.1 0.00 $4.01
TOTAL 51,100 61.46 6.54 0.00 $274.96

a. First-year savings from all buildings completed statewide in 2023.

3.5.2 Statewide Greenhouse Gas (GHG) Emissions Reductions

The Statewide CASE Team calculated avoided GHG emissions assuming the
emissions factors specified in the United States Environmental Protection Agency (U.S.
EPA) Emissions & Generation Resource Integrated Database (eGRID) for the Western
Electricity Coordination Council California (WECC CAMX) subregion. The electricity
emission factor represents savings from avoided electricity generation and accounts for
the GHG impacts if the state meets the Renewable Portfolio Standard goal of 33
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percent renewable electricity generation by 2020.1” Avoided GHG emissions from
natural gas savings attributable to sources other than utility-scale electrical power
generation are calculated using emissions factors specified in U.S. EPA’s Compilation
of Air Pollutant Emissions Factors (AP-42). See Appendix D for additional details on the
methodology used to calculate GHG emissions.

Table 89 presents the estimated first-year avoided GHG emissions of the proposed
code change. During the first year, GHG emissions of 17,002 metric tons of carbon
dioxide equivalents (Metric TonnesCOZ2e) would be avoided.

Table 89: First-Year Statewide GHG Emissions Impacts
Reduced

Reduced
. GHG Natural GHG Total
. . Emission - Reduced
Electricit Gas Emissions
s from . CO2e
Measure Y Electricity Savings® ~ from Na_tural Emissions?P
Savings? . A (million Gas Savings?® )
Savings ) (Metric
(GWhlyr) . thermsly (Metric
(Metric TonnesCO2e
) TonnesCO2e
Tonnes ) )
CO2e)
Electric
Space
Heating 9.27 2,229 0.00 0 2,229
Replacement
S
Electric Water
Heating 61.46 14,773 0.00 0 14,773
Replacement
S

a. First-year savings from all buildings completed statewide in 2023.
b. Assumes the following emission factors: 240.4 MTCO2e/GWh and 5,454.4 MTCO2e/million therms.

3.5.3 Statewide Water Use Impacts
The proposed submeasures would not result in water savings.

3.5.4 Statewide Material Impacts

17 When evaluating the impact of increasing the Renewable Portfolio Standard from 20 percent
renewables by 2020 to 33 percent renewables by 2020, the California Air Resources Board (CARB)
published data on expected air pollution emissions for various future electricity generation scenarios
(CARB 2010). The incremental emissions were calculated by dividing the difference between California
emissions in the CARB high and low generation forecasts by the difference between total electricity
generated in those two scenarios.
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The proposed submeasures would not result in impacts on the use of toxic or energy
intensive materials.

3.5.5 Other Non-Energy Impacts

The proposed submeasures would not result in other non-energy impacts.

3.6 Proposed Revisions to Code Language

3.6.1 Guide to Markup Language

The proposed changes to the standards, Reference Appendices, and the ACM
Reference Manuals are provided below. Changes to the 2019 documents are marked

with red underlining (new language) and strikethroughs (deletions).

3.6.2 Standards

SECTION 150.2 - ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND
ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS

(b) Alterations. Alterations to existing low-rise residential buildings or alterations in
conjunction with a change in building occupancy to a low-rise residential occupancy
shall meet either Item 1 or 2 below.

1. Prescriptive approach. The altered component and any newly installed
equipment serving the alteration shall meet the applicable requirements of
Sections 110.0 through 110.9 and all applicable requirements of Section 150.0(a)
through (I); 150.0(m)1 through 150.0 (m)10, Section 150.0(0) through (q); and

C. Entirely New or Complete Replacement Space-Conditioning Systems
installed as part of an alteration, shall include all the system heating or
cooling equipment, including but not limited to: - condensing unit, and-cooling
or heating coil, and air handler for split systems; or complete replacement of a
packaged unit; plus entirely new or replacement duct system (Section

150.2(b)1Diia);plus-a-new-orreplacementair-handler. Entirely Nnew or

complete replacement space-conditioning systems shall:

i.  Meet the requirements of Sections 150.0(h), 150.0(i), 150.0(j)2, 150.0())3,
150.0(m)1 through 150.0(m)10; 150.0(m)12; 150.0(m)13, 150.1(c)6,
150.1(c)7, 150.1(c)10 and TABLE 150.2-A; and

G. Altered Space-HeatingConditioning System. Altered or rReplacement
space- eatlngeendmemng systems shall Complv with Sectlon 150 1(c)6tae
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EXCEPTION 1 to Section 150.2(b)1G: A non-ducted electric resistance

space heating system if the eX|st|nq space heatmq system is electric

EXCEPTION 2 to Section 150.2(b)1G: A ducted electric resistance space

heating system where only the electric resistance heating system is being

replaced.

EXCEPTION 3 to Section 150.2(b)1G: An electric resistance space heating

system if the existing space heating system is electric resistance in a single

family building in Climate Zones 7 or 15 or a multifamily building in Climate

Zones 6, 7, 8 or 15.

H. Water-Heating System. Altered or replacement service water-heating
systems or components shall meet the applicable requirements below:

Pipe Insulation. For newly installed piping, the insulation requirements
of Section 150.0(j)2 shall be met. For existing accessible piping the
applicable requirements of Section 150.0(j)2Ai;_and iii--are-+ shall be
met.

. Distribution System. For recirculation distribution system serving
individual dwelling units, only Demand Recirculation Systems with
manual on/off control as specified in the Reference Appendix RA4.4.9
shall be installed.

iii. Water heating system. The water heating system shall meet one of

the following:
a. A natural gas or propane water-heating system; or
b. For Climate Zones 1 through 15, a single heat pump water heater.

The storage tank shall not be located outdoors and be placed on an
incompressible, rigid insulated surface with a minimum thermal
resistance of R-10. The water heater shall be installed with a
communication interface that meets either the requirements of
110.12(a) or CTA-2045; or

For Climate Zones 1 through 15, a single heat pump water heater
that meets the requirements of NEEA Advanced Water Heater
Specification Tier 3 or higher. The storage tank shall not be located
outdoors; or

. If no natural gas is connected to the existing water heater location,

one of the following:-consumer-electric-water-heater
i. A single heat pump water heater; or

ii. A consumer electric resistance water heater if one of the
following conditions are met:
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a. The water heater is located within conditioned space or the
proposed location is not large enough to accommodate a
heat pump water heater equivalent in size to the existing
water heater or the next nominal size available per
manufacturer specifications. Water heaters 40 gallons or
greater shall be CTA-2045 compliant and meet the
installation criteria specified in Reference Joint Appendix
JA13; or

b. A solar water-heating system is installed meeting the
installation criteria specified in Reference Residential
Appendix RA4.20 and with a minimum solar savings fraction
of 60 percent.

c. The water heater is in a multifamily building in Climate Zone
16.

3.6.3 Reference Appendices
There are no proposed changes to the Reference Appendices.

3.6.4 ACM Reference Manual

2 Proposed, Standard, and Reference Design
2.4 Building Mechanical Systems
2.4.1 Heating Subsystems
Table 6: Standard Design Heating System

Proposed Design Standard Design

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

Electric heating including c€entral heat pump, 8.2 HSPF central heat pump, auto
duetedminisplit, multisplit, or variable refrigerant | size capacity, default duct
charge heat pump, and electric resistance

Wall furnace, gravity 59 percent AFUE gravity wall
furnace
Wall furnace, fan type 72 percent AFUE fan-type wall
furnace
rimispit st _and vanabl T ’
I isplit_rultispht_andvariabl T ’
oo hooles cn oo

2.10 Additions/Alterations
2.10.4.8 Space Conditioning System
Table 32: Addition Standard Design for Space Conditioning Systems
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Proposed Design Standard Design Based on Proposed Space-Conditioning Status

Space-Conditioning -
System Type Added Altered Verified Altered

See Section 2.4 and

2015 Federal Existing heating fuel type

. Appliance Stds Same as 9 9 yp
Heating System based on fuel Addition and equipment
type/efficiency
source and
equipment type

2.10.4.10 Water Heating System
Table 34: Addition Standard Design for Water Heater Systems

Proposed Standard Design Based on Proposed Water Heating Status
Design Addition
Water Heating | (adding water | Altered Verified Altered
System Type heater)
Prescriptive Existing-fueltype,propesed | Existing water heater
. . water heating | tank-typemandatory type(s), efficiency,
Single-_Family system _(see | requirements{excluding-any | distribution system.
Section 2.9) selar) Same as Addition
Multifamily: Prescriptive Existing-fueltype,propesed | Existing water heater
Individual water heating | tank-typemandatory type(s), efficiency,
Water Heater system for reguirements{exeluding-any | distribution system
for Each each dwelling | selar) Same as Addition
Dwelling Unit unit (see
Section 2.9)

3.6.5 Compliance Manuals

Chapter 9 of the Residential Compliance Manual would need to be revised. Section 9.2
What's New in the 2019 Energy Standards, Section 9.4.5 Water Heating Alterations,
and Section 9.4.6 HVAC System Alterations would need to be updated to describe the
proposed code changes.

3.6.6 Compliance Documents

Compliance documents CF1R-ALT-02-E and CF1R-ALT-05-E would need to be
revised. No new compliance documents are being proposed. Subsections D, E & F of
CF1R-ALT-02-E would need to be updated to reflect requirements for space
conditioning heat pumps under certain conditions. Subsection H of CF1R-ALT-05-E
would need to be updated to reflect requirements for heat pump water heaters under
certain conditions.
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4.Duct Measures

41 Measure Description

4.1.1 Measure Overview

This section of the CASE Report covers three prescriptive code change proposals:

1) revise duct sealing requirements for extensions of an existing duct system and
altered space conditioning systems, 2) align the prescriptive duct insulation
requirements in Table 150.2-A with new construction Tables 150.1-A and 150.1-B for
duct insulation, Option B, and 3) revise the 40-foot threshold and require prescriptive
duct sealing and duct insulation for all additions and when 25 feet or greater of new or
replacement duct is installed serving an existing space.

All three submeasures would require updates to the compliance software for existing
plus addition plus alteration analysis.

4.1.1.1 Prescriptive Duct Sealing

When an existing duct system is extended or a space conditioning system is altered the
system must meet prescriptive duct sealing requirements and demonstrate a measured
duct leakage equal to or less than 15 percent of system air handler airflow (or one of the
acceptable alternative paths per Section 150.2(b)1Diib). System air handler airflow is
calculated according to Reference Appendix 3.1.4.2 and allows either nominal or
measured airflow. Nominal airflow shall be the greater of 400 cubic feet per minute
(cfm) per nominal ton of condensing unit cooling capacity or 21.7 CFM per kBtu/hr of
rated heating output capacity. Airflow is required to be measured for altered systems in
Climate Zones 2 and 8 through 15 when an air conditioner or heat pump is altered by
the installation or replacement of refrigerant-containing system components. The target
airflow for altered systems is 300 cfm per ton of nominal cooling capacity.

The proposed submeasure would reduce the total duct leakage requirement for single
family buildings to less than or equal to 10 percent of system air handler airflow and the
duct leakage to outside requirement to less than or equal to 7 percent of system air
handler airflow. Additionally, the proposal revises the procedure for calculating duct
leakage percentage to require that measured airflow be used in place of nominal airflow
if measured airflow is available. There is no proposed reduction for leakage in low-rise
multifamily buildings provided that the current requirement for new duct systems is 12
percent of system air handler air flow, versus 5 percent for single family buildings. The
proposed revision to the procedure in Reference Appendix 3.1.4.2 would impact both
single family and multifamily buildings.
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4.1.1.2 Prescriptive Duct Insulation

Prescriptive duct insulation requirements per Table 150.2-A apply to new ducts in
unconditioned space and require R-6 insulation in Climate Zones 1 through 10, 12 and
13 and R-8 insulation in Climate Zones 11 and 14 through 16. The proposed
submeasure aligns the prescriptive duct insulation requirements with new construction
Tables 150.1-A and 150.1-B for duct insulation, Option B and increase the required duct
insulation from R-6 to R-8 in Climate Zones 1, 2, 4, 8 through 10, 12, and 13.

Table 90 describes the existing and proposed code requirements for duct insulation.

Table 90: Summary of Existing and Proposed Duct Insulation Requirements for
New Ducts in an Alteration

Climate Zones  Existing Proposed

3, 5-7 R-6 R-6
1-2, 4, 8-10, 12-13 R-6 R-8
11, 14-16 R-8 R-8

4.1.1.3 40 Foot Duct Extension Trigger

For low-rise residential buildings, the prescriptive duct sealing and duct insulation
requirements of Section 150.2(b)1D of the 2019 Title 24, Part 6 code are triggered when
more than 40 feet of new or replacement space-conditioning system ducts are installed.
When prescriptive requirements are not triggered, mandatory measures apply which per
150.0(m)1B require R-6 on all ducts in unconditioned space. The proposed submeasure
would reduce the 40 foot threshold to 25 feet for systems serving existing spaces, and
eliminate the threshold when ducts are extended to serve an addition applying the
prescriptive requirements to any new ducts in an addition. In these cases, this
submeasure would require duct sealing in all climate zones, where it is currently not
required, and increase required duct insulation for ducts in unconditioned space from R-
6 to R-8 in climate zones where R-8 is prescriptively required.

4.1.2 Measure History

In many homes, ductwork is responsible for carrying conditioned air throughout the
building. Thermal and air leakage losses can be significant, particularly when ducts are
in unconditioned spaces such as vented attics. Temperature differences between the
supply air and a vented attic on either a hot summer or a cold winter day can be as high
as 100°F. Research has shown that typical duct leakage in old duct systems can be 20
to 40 percent (ENERGY STAR n.d.).

Prescriptive duct sealing and insulation requirements for alterations were introduced in
the 2005 Title 24, Part 6 code cycle. Duct systems were required to be sealed to less
than 15 percent total leakage (or meet one of the alternative options) in Climate Zones 2
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and 9 through 16 and insulated to meet new construction standards in all climate zones
when 40 feet of new or replacement ducts were installed in unconditioned space. There
has been little change to the requirements since then. In 2013 the duct sealing was
expanded to cover all climate zones and increases to the minimum duct insulation were
made in Climate Zones 6 through 8 and 11.

The Statewide CASE Team was not able to locate any documentation of how the 15
percent leakage target and 40-foot length exception were determined. The Duct Sealing
Requirements upon HVAC or Duct-System Replacement CASE Report (Pacific Gas &
Electric 2002) recommended a measured leakage target of 10 percent of system
airflow. However, the proposal first presented by the Energy Commission in February
2003 (California Energy Commission 2003a) increased the target to 15 percent of
system airflow. Neither the 2005 CASE report nor the February 2003 draft standards
language mentions the 40-foot exception. This was added in the 45-day language
version of the standards (California Energy Commission 2003b). Presumably, this was
to provide relief for small alteration projects and support the HVAC industry in this
transition to sealing existing ducts.

In 2020, duct sealing with a 15 percent total leakage target for existing systems has
been prescriptive for 15 years and the HVAC industry is experienced with the
requirement. The 40-foot exception can currently be used to bypass sealing and
prescriptive duct insulation requirements when extending an existing duct system to
serve a small addition, adding registers to a room, or replacing a section of ductwork.
Whenever work is completed on existing duct systems regardless of the length of new
ductwork added, this represents a prime opportunity to seal the ducts, reduce system
leakage, and save energy.

4.1.3 Summary of Proposed Changes to Code Documents

The sections below summarize how the standards, Reference Appendices, ACM
Reference Manuals, and compliance documents would be modified by the proposed
change. See Section 2.5.5.1 of this report for detailed proposed revisions to code
language.

4.1.3.1 Summary of Changes to the Standards

This proposal would modify the following sections of the California Energy Code as
shown below. See Section 4.6.2 of this report for marked-up code language.

SECTION 150.2 — ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND
ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS

Section 150.2(a): Revise Exception 5 to require that that applicable requirements
specified in Section 150.2(b)1D be met regardless of the length of the extended duct
serving the addition.
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Section 150.2(b)1D: Reduce the length of feet of new or replacement ductwork that
triggers the prescriptive duct requirements. Revise the requirement for extension of an
existing duct system to reflect 10 percent total leakage and 7 percent leakage to
outside. Also revise TABLE 150.2-A DUCT INSULATON R-VALUE to reflect the new
climate zones where R-8 duct insulation is proposed.

Section 150.2(b)1E: Revise the requirement for extension of an existing duct system to
reflect 10 percent total leakage and 7 percent leakage to outside.

4.1.3.2 Summary of Changes to the Reference Appendices

Revise RA3.1.4.2 to indicate that when measured system airflow is available it should
be used for establishing the target duct leakage rate. See Section 4.6.3 of this report for
marked-up code language.

4.1.3.3 Summary of Changes to the Residential ACM Reference Manual

This proposal would modify the following sections of the Residential ACM Reference
Manual as shown below. See Section 4.6.4 of this report for the detailed proposed
revisions to the text of the ACM Reference Manual.

SECTION 2.10 Additions/Alterations

Section 2.10.4.9 Duct System: Update Table 33 to reflect changes to the prescriptive
duct leakage rates and insulation by climate zone. Add a Proposed Design subsection
that specifies the assumptions for the Proposed Design. In CBECC-Res currently there
is no penalty if the prescriptive duct sealing requirement are not met. It is proposed that
if the prescriptive requirements are triggered, then the default assumption for the
Proposed Design is 30 percent leakage unless the user indicates that duct sealing and
HERS verification would be completed. See below for justification of the 30 percent.

Energy losses from leaky ducts have been noted to range from 20 to 40 percent of the
heating and cooling energy in residential buildings and the average duct leakage in
residential buildings is also noted to vary between 20 to 40 percent (ENERGY STAR
n.d.). The U.S. DOE assumes a baseline of 15 percent supply and 15 percent return
leakage in its residential codes analyses for cases that do not require duct leakage
testing per code, for e.g., the 2006 IECC (Mendon, Lucas and Goel 2013). This is
consistent with Building America research (Building America n.d.). A review conducted
by Proctor Engineering in 1999 concludes a CFM25 average of 270 of leakage to
outdoors (Proctor, Neme and Nadel 1999). This works out to a roughly 22 percent
leakage before accounting for supply and return factors. Note that this value is for the
leakage to outdoors and the total leakage is likely higher. Based on these studies, a
total duct leakage of 30 percent is a reasonable assumption for existing duct systems in
existing residential buildings.
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4.1.3.4 Summary of Changes to the Residential Compliance Manual

The proposed code change would modify the following section of the Residential
Compliance Manual:

e Section 9.2 What’s New in the 2019 Energy Standards
e Section 9.4.6 HVAC System Alterations

See Section 4.6.5 of this report for the detailed proposed revisions to the text of the
Compliance Manuals.

4.1.3.5 Summary of Changes to Compliance Documents

The proposed code change would modify the compliance documents listed below.
Examples of the revised documents are presented in Section 4.6.6.

e CF1R-ALT-02-E — Revise subsections B, C and D to revise the reference to
ductwork length from 40 feet to 25 feet and differentiate between extensions of
existing duct systems that serve an addition.

e CF2R-MCH-01-H — Revise subsections B and F to revise the reference to
ductwork length from 40 feet to 25 feet and differentiate between extensions of
existing duct systems that serve an addition.

4.1.4 Regulatory Context

4.1.4.1 Existing Requirements in the California Energy Code

For low-rise residential buildings, the prescriptive duct sealing and duct insulation
requirements of Section 150.2(b)1D of the 2019 Title 24, Part 6 code are triggered when
more than 40 feet of new or replacement space-conditioning system ducts are installed.
Prescriptive duct sealing requirements apply to ductwork regardless of the location and
in the case of an extension of an existing duct system or altered space conditioning
system require that the existing system demonstrate duct leakage equal to or less than
15 percent of system airflow or duct leakage to outside equal to or less than 10 percent
of system airflow. If these targets cannot be met, then all accessible leaks must be
sealed and verified through a visual inspection and smoke test. Prescriptive duct
insulation requirements apply to new ducts in unconditioned space and require R-6
insulation in Climate Zones 1 through 10, 12 and 13 and R-8 insulation in Climate
Zones 11 and 14 through 16. When prescriptive requirements are not triggered,
mandatory measures apply which per 150.0(m)1B requires R-6 on all ducts in
unconditioned space.

There is an exception to the duct sealing requirements for altered space conditioning
systems, Exception 2 to Section 150.2(b)1E in the 2019 Title 24, Part 6 code, which
exempts duct systems with less than 40 linear feet. This is separate from the 40 feet of
new or replacement duct trigger in Section 150.2(b)1D.
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System air handler airflow is calculated according to Reference Appendix 3.1.4.2 and
allows either nominal or measured airflow. Nominal airflow shall be the greater of 400
cfm per nominal ton of condensing unit cooling capacity or 21.7 cfm per kBtu/hr of rated
heating output capacity. Airflow is required to be measured for altered systems in
Climate Zones 2 and 8 through 15 when an air conditioner or heat pump is altered by
the installation or replacement of refrigerant-containing system components. The target
airflow for altered systems is 300 cfm per ton of nominal cooling capacity.

4.1.4.2 Relationship to Requirements in Other Parts of the California Building
Code

There are no relevant requirements in other parts of the California Building Code.

4.1.4.3 Relationship to Local, State, or Federal Laws

There are no relevant local, state, or federal laws.

4.1.4.4 Relationship to Industry Standards

The 2018 IECC (International Code Council 2019) requires that new duct systems in
residential buildings that are part of an alteration comply with new construction
standards for duct sealing and duct insulation. There is an exception to the duct sealing
requirements for existing duct systems that are extended where less than 40 linear feet
of ductwork is in unconditioned spaces. However, per the IECC code if an existing duct
system with greater than or equal to 40 linear feet of duct in unconditioned space is
extended duct sealing is required regardless of the length of new ductwork added. This
is similar to Exception 2 to Section 150.2(b)1E in the 2019 Title 24, Part 6 code which
exempts duct systems with less than 40 linear feet from the duct sealing requirement in
the case of an altered space conditioning system.

The 2018 IECC prescriptively requires that duct leakage be tested to less than or equal
to 4 cfm per 100 square feet of conditioned floor area at 25 Pascals. Based on example
calculations the Statewide CASE Team conducted this typically correlates with five to
10 percent of system airflow, depending on the house size and system capacity.

The 2018 IECC also requires R-8 insulation on all new or replacement ductwork in an
alteration that is three-inches in diameter or greater. Otherwise R-6 is required.

4.1.5 Compliance and Enforcement

When developing this proposal, the Statewide CASE Team considered methods to
streamline the compliance and enforcement process and how negative impacts on
market actors who are involved in the process could be mitigated or reduced. This
section describes how to comply with the proposed code change. It also describes the
compliance verification process. Appendix F presents how the proposed changes could
impact various market actors.
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The activities that need to occur during each phase of the project are described below:

e Design Phase: In many instances HVAC and duct alterations are completed as
isolated retrofits rather than part of a larger remodel. In the former case the
mechanical contractor corresponds directly with the homeowner, recommends
the replacement equipment and needs to be aware of Title 24, Part 6
requirements related to the scope of work.

e Permit Application Phase: The mechanical contractor submits the project for
permit to the local building department. If ductwork is extended to serve an
addition, or if greater than 25 feet of ductwork is being replaced or added to
serve an existing space, then duct sealing and insulation requirements would be
triggered. If the space conditioning system is altered, then duct sealing
requirements would be triggered. In both cases the mechanical contractor would
complete the required Certificate of Compliance forms and register them with a
HERS registry. Otherwise, there are no required Certificate of Compliance
documents to complete and, depending on the requirements at the local
jurisdiction level, a permit may not be required for the scope of work.

e Construction Phase: The mechanical contractor installs the HVAC equipment
and inspects and seals the ductwork if required. The contractor would test duct
leakage with duct pressurization equipment, verify that the required leakage
target is met, and complete the required Certificate of Installation forms.

¢ Inspection Phase: If duct testing is required, a HERS Rater would conduct
verification testing and complete the Certificate of Verification forms. Duct
insulation is not verified by a HERS Rater. A building inspector would conduct a
final inspection. In the case where 25 feet or less of ductwork is being replaced
or added that is not serving an addition and no space conditioning equipment is
being altered it is unlikely that the new ductwork would be inspected.
The compliance process described above does not differ from the existing compliance
process for the proposed code changes to duct leakage and prescriptive duct insulation
requirements.

The proposal to revise the 40-foot exception would require additional scope of work
during the permit application, construction and inspection phases of the project for some
projects, but it's expected this would impact a small number of projects since many
include other scopes of work, such as an altered space conditioning system, which
otherwise trigger duct sealing requirements. The other submeasure proposals increase
the stringency for prescriptive duct leakage targets and prescriptive duct insulation
levels, but the compliance process remains the same. The mechanical contractor would
need to complete the Certificate of Compliance forms at permit application and during
construction seal the ducts to meet the code requirements. A HERS rater would verify
the required duct leakage target is met in the inspection phase. These changes fit within
the existing permitting process and they are not expected to add substantial burden to
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building departments. There is no new process with which the building department or
the contractor needs to become familiar.

4.2 Market Analysis

4.2.1 Market Structure

The Statewide CASE Team performed a market analysis with the goals of identifying
current technology availability, current product availability, and market trends. It then
considered how the proposed standard may impact the market in general as well as
individual market actors. Information was gathered about the incremental cost of
complying with the proposed measure. Estimates of market size and measure
applicability were identified through research and outreach with stakeholders including
utility program staff, Energy Commission staff, and a wide range of industry actors. In
addition to conducting personalized outreach, the Statewide CASE Team discussed the
current market structure and potential market barriers during public stakeholder
meetings that the Statewide CASE Team held on November 12, 2019 ( (Statewide
CASE Team 2019a), (Statewide CASE Team 2019b), (Statewide CASE Team 2019c))
and March 5, 2020 ( (Statewide CASE Team 2020a), (Statewide CASE Team 2020b),
(Statewide CASE Team 2020c)).

There are two broad categories of ductwork: flexible and rigid. Most ducts in residential
homes are flexible duct which are cylindrical tubes comprised of steel wire helixes
covered in flexible plastic. Insulation is easily integrated with flexible ducts and is
purchased from the manufacturer with specific insulation values, typically R-4.2, R-6, or
R-8. Rigid ductwork can be cylindrical or rectangular and is made from different
materials, often sheet metal or fiberboard, and are assembled in the field. Sheet metal
ducts are insulated in the field by the mechanical contractor. The fiberboard itself is
inherently insulating.

Duct sealing of an existing distribution system is conducted by the mechanical
contractor using Title 24 approved tapes and sealants. All accessible joints, seams, and
connections must be inspected and sealed if necessary. If the mechanical contractor
has a duct pressurizing fan system, they would test the leakage of the duct system at
this point. Next, the HERS Rater conducts the third-party verification and submits the
results to the HERS Registry.

Mechanical contractors are the primary market actors involved with implementing these
code change proposals. Other market actors include plans examiners, building
inspectors, HERS Raters, and building owners.
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4.2.2 Technical Feasibility, Market Availability, and Current Practices

This code change proposal increases the stringency of existing requirements and
expands current requirements to cover additional upgrade cases.

4.2.2.1 Prescriptive Duct Sealing

75 percent of single family prescriptive HVAC alterations in CalCERTS for the 2016
code cycle included duct testing of an altered or existing duct system (CalCERTS
2020).18 For these single family and low-rise multifamily projects, Table 91 shows the
breakdown of compliance results. 40 percent of single family projects tested at or below
10 percent total leakage while 40 percent tested between 10 and 15 percent total
leakage. 15 percent of single family projects could not meet the 15 percent total leakage
target and used the exception requiring a visual inspection and smoke test.

Table 91: Duct Leakage Test Results for Altered or Existing Duct Systems from
2016 ALT-02 Projects in CalCERTS

Duct Leakage Results % of Altered Duct Systems

or Compliance Path Single Family Low-Rise Multifamily
<=5% 7% 0%
_ g 5.1-10% 33% 28%
82 10.1-12% 13% 19%
3 12.1-13% 7% 8%
13.1-15% 19% 21%
Visual Inspection Exception 15% 16%
Asbestos Exception 6% 5%
Leakage to Outside 0% 2%

Source: CalCERTS (CalCERTS 2020)

Of the 40 percent of single family projects that tested between 10 and 15 percent total
leakage, it's unknown how easily additional sealing could be accomplished to further
reduce total leakage. Feedback from mechanical contractors and HERS Raters during
stakeholder outreach was split. Some indicated that after many years of the duct sealing
requirements the industry was comfortable with it enough to consistently meet lower
leakage targets of 10 percent or lower. Some feedback was that contractors have a
general feel for how much sealing needs to be completed in order to meet 15 percent. If
the target was lower, they would become accustomed to this and apply a new level of
effort to meet the new target. One HERS Rater commented that the majority of the time

18 This does not include entirely new or complete replacement duct systems.
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they participate in a smoke test for a project where the contractor could not meet the 15
percent, the smoke test revealed accessible areas of duct that could be sealed. After
these areas were addressed total leakage was often reduced to below 15 percent.

Other stakeholders expressed concern that a lower leakage target would not be feasible
on most projects. Some homes are more challenging than others because of
inaccessible ducts. For example, multi-story homes and apartment buildings would have
a greater percentage of inaccessible ductwork than a single story home with ductwork in
the attic. Homes with the air handler in the garage also may have a higher percentage
of inaccessible ductwork if they are routed through interior walls and floors.

85 percent of single family prescriptive HVAC alterations in CalCERTS for the 2016
code cycle included an altered cooling system in the climate zones® where this triggers
cooling system airflow to be measured (CalCERTS 2020). Table 92 shows the
breakdown of compliance results for single family and low-rise multifamily projects.
Section 150.2(b)1Fiia requires a minimum flowrate of 300 cfm per ton of nominal
cooling capacity. If this value cannot be met, as was the case for 10 percent of single
family homes in this dataset, the installer is allowed to report a lower measured airflow
after following a set of remedial actions as defined in RA3.3.3.1.5. 88 percent of single
family projects measured a system airflow lower than the nominal cooling system airflow
of 400 cfm per ton. 64 percent of single family projects reported a system airflow lower
than 350 cfm per ton.

Table 92: System Airflow Test Results for Altered or Existing Duct Systems from
2016 ALT-02 Projects in CalCERTS

Measured System Airflow % of Altered Duct Systems

(cfm/ton) Single Family = Low-Rise Multifamily

0 to 299 10% 4%

300 to 349 54% 49%

350 to 399 25% 30%

400 to 449 8% 10%

450 to 499 2% 4%

500 + 1% 3%

Source: CalCERTS (CalCERTS 2020)

Leakage to Outside

The Statewide CASE Team investigated the relationship between total leakage and
leakage to outside to determine an appropriate leakage to outside target in alignment

19 Climate Zones 2 and 8 through 15.
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with the revised 10 percent total leakage requirement. Buildings with ductwork
predominantly in unconditioned space, such as in a vented attic, typically have total
leakage and leakage to outside tested values that are very similar, since the ducts are
outside of the thermal envelope. Total leakage and leakage to outside diverge more in
buildings with ductwork in directly or indirectly conditioned space, where some of the
leakage would be to the conditioned space and some would be to outside the thermal
envelope.

The 2019 code currently requires 15 percent total leakage or 10 percent leakage to
outside; this relationship represents 67 percent of leakage to outside and 33 percent to
inside the thermal envelope. Data from single family homes tested in the Residential
Construction Quality Assessment Project (Davis Energy Group 2002) across 36 HVAC
systems showed that leakage to outside was 75 to 100 percent of total leakage, with an
average of 91%, for systems with ducts predominantly located in vented attics. There
were four homes with ductwork located in sealed attics which showed leakage to
outside was 45 to 65 percent of total leakage.

The 2011 Efficiency Characteristics and Opportunities for New California Homes
analysis (California Energy Commission 2011) tested total leakage and leakage to
outside for single family detached homes, townhomes, and apartments. The duct
leakage results for single family homes where all but one of the buildings had ductwork
completely or partially in an attic showed similar alignment between total leakage and
leakage to outside as was observed in the Residential Construction Quality Assessment
Project. Data for apartments where 83 percent of buildings had ductwork in directly or
indirectly conditioned space also appears to show alignment with the RQA results for
homes with ductwork located in sealed indirectly conditioned attics.

For this submeasure proposal the recommendation is for a 7 percent leakage to outside
target, or 70 percent of the total leakage target of 10 percent. This is in between what is
expected for buildings with ducts in conditioned space and those with ducts in
unconditioned space. This also aligns well with the relationship between the current
requirements of 15 percent total leakage and 10 percent leakage to outside.

4.2.2.2 Prescriptive Duct Insulation

Prescriptive duct insulation increases from R-6 to R-8 in certain climate zones; however,
R-8 is already prescriptively required in other climate zones and building types therefore
there is an existing market for it and the industry is familiar with installing it. There may
be potential space limitations with fitting R-8 ducts in small areas, but this can typically
be resolved. R-6 is still the most commonly installed duct insulation product in
residential buildings, though. 20 percent of prescriptive HVAC alterations registered with
CalCERTS under the 2016 code cycle with new ductwork installed ducts with R-8
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insulation (CalCERTS 2020). See Table 93 for a breakdown by climate zone and
building type.

Table 93: Percent of New Ducts in Alterations with R-8 Insulation from 2016 ALT-
02 Projects in CalCERTS

Current/Proposed % of New Ducts with R-8 Insulation
Climate Zones Insulation

Requirement Single Family Low-Rise Multifamily
All N/A 20% 20%
3, 5-7 R-6/R-6 5% 20%
1-2, 4, 8-10, 12-13 R-6/R-8 13% 3%
11, 14-16 R-8/R-8 100% 100%

Source: CalCERTS (CalCERTS 2020)

4.2.2.3 40 Foot Duct Extension Trigger

Only 2 percent (~675 homes) of performance alteration projects (existing + alteration +
addition) and 1 percent (~90 homes) of addition only performance projects registered
with CalCERTS under the 2013 and 2016 code cycles took the exception for an
extension of a duct system with less than or equal to 40 feet (CalCERTS 2020). This
does not capture prescriptive projects that are not registered with CalCERTS, where
most of these projects likely would fall under. However, the Statewide CASE Team
expects that the code change proposal revising the exception for up to 40 feet of new or
replacement ductwork would impact a small number of alteration projects statewide.

The proposal to reduce the 40 feet threshold to 25 feet is based on the length of flexible
ductwork in a typical package. Keeping the exception for projects that install 25 feet or
less of ductwork continues to allow a project to purchase a single package of flexible
duct to repair a short section or install a short extension without triggering the
prescriptive duct sealing and insulation requirements.

4.2.3 Market Impacts and Economic Assessments

4.2.3.1 Impact on Builders

Builders of residential and commercial structures are directly impacted by many of

the measures proposed by the Statewide CASE Team for the 2022 code cycle. It is
within the normal practices of these businesses to adjust their building practices to
changes in building codes. When necessary, builders engage in continuing education
and training in order to remain compliant with changes to design practices and building
codes.
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California’s construction industry is comprised of about 80,000 business establishments
and 860,000 employees (see Table 94).2° In 2018, total payroll was $80 billion. Nearly
60,000 of these business establishments and 420,000 employees are engaged in the
residential building sector, while another 17,000 establishments and 344,000
employees focus on the commercial sector. The remainder of establishments and
employees work in industrial, utilities, infrastructure, and other heavy construction
(industrial sector).

Table 94: California Construction Industry, Establishments, Employment, and
Payroll, 2018

Annual
Construction Sectors Establishments Employment Payroll
(billions $)

Residential 59,287 420,216 $23.3

Residential Building Construction 22 676 115,777 $7.4
Contractors

Foundation, Struqture, & Building 6,623 75220 $3.6

Exterior

Building Equipment Contractors 14,444 105,441 $6.0

Building Finishing Contractors 15,544 123,778 $6.2

Commercial 17,273 343,513 $27.8

Commercial Building Construction 4,508 75,558 $6.9

Foundatlon,IEStrugture, & Building 2153 53 531 $3.7

xterior
Building Equipment Contractors 6,015 128,812 $10.9
Building Finishing Contractors 4,597 85,612 $6.2
Industrial, Utilities, Infrastructure,

& Other 4,103 96,550 $9.2

Industrial Building Construction 299 5,864 $0.5

Utility System Construction 1,643 47,619 $4.3

Land Subdivision 952 7,584 $0.9

Highway, Street, .and Bridge 770 25 477 $2.4
Construction

Other Heavy Construction 439 10,006 $1.0

Source: (State of California, Employment Development Department n.d.)

20 Average total monthly employment in California in 2018 was 18.6 million; the construction industry
represented 4.5 percent of 2018 employment.
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The proposed changes to prescriptive duct insulation and sealing requirements

would likely affect residential builders but would not impact commercial builders or firms
that focus on construction and retrofit of industrial buildings, utility systems, public
infrastructure, or other heavy construction. The effects on the residential building
industry would not be felt by all firms and workers, but rather would be concentrated in
specific industry subsectors. Table 95 shows the residential building subsectors the
Statewide CASE Team expects to be impacted by the changes proposed in this

report. Because the proposed code requirements come only into play new or
replacement ductwork is installed or duct sealing is required due to cooling or heating
equipment replacement, they are expected to impact mechanical contractors

primarily. The Statewide CASE Team’s estimates of the magnitude of these impacts are
shown in Section 4.2.4 Economic Impacts.

Table 95: Size of the California Residential Building Industry by Subsector, 2018

Annual Payroll
(billions $)

Residential Building

Subsector Establishments Employment

Residential plumbing and
HVAC contractors 8,086 66,177 $3,778,328,951

Source: (State of California, Employment Development Department n.d.)

4.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with changing building codes practices is within
the normal practices of building designers. Building codes (including the California
Energy Code) are typically updated on a three-year revision cycle and building
designers and energy consultants engage in continuing education and training in order
to remain compliant with changes to design practices and building codes.

Businesses that focus on residential, commercial, institutional, and industrial building
design are contained within the Architectural Services sector (North American Industry
Classification System 541310). Table 96 shows the number of establishments,
employment, and total annual payroll for Building Architectural Services. The code
change proposals the Statewide CASE Team is proposing for the 2022 code

cycle would potentially impact all firms within the Architectural Services sector. The
Statewide CASE Team anticipates the impacts for the residential duct submeasures to
affect firms that focus on single family and low-rise multifamily construction.
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There is not a North American Industry Classification System (NAICS)?! code specific
for energy consultants. Instead, businesses that focus on consulting related to building
energy efficiency are contained in the Building Inspection Services sector (NAICS
541350), which is comprised of firms primarily engaged in the physical inspection of
residential and nonresidential buildings.?? It is not possible to determine which business
establishments within the Building Inspection Services sector are focused on energy
efficiency consulting. The information shown in Table 96 provides an upper bound
indication of the size of this sector in California.

Table 96: California Building Designer and Energy Consultant Sectors, 2018
Annual Payroll

Sector Establishments Employment (millions $)
Architectural Services 2 3,704 29,611 $2,906.7
Building Inspection Services ° 824 3,145 $223.9

Source: (State of California, Employment Development Department n.d.)

a. Architectural Services (NAICS 541310) comprises private-sector establishments primarily engaged
in planning and designing residential, institutional, leisure, commercial, and industrial buildings and
structures;

b. Building Inspection Services (NAICS 541350) comprises private-sector establishments primarily
engaged in providing building (residential & nonresidential) inspection services encompassing all
aspects of the building structure and component systems, including energy efficiency inspection
services.

4.2.3.3 Impact on Occupational Safety and Health

The proposed code change does not alter any existing federal, state, or local
regulations pertaining to safety and health, including rules enforced by the California
Division of Occupational Safety and Health (Cal/OSHA). All existing health and safety
rules would remain in place. Complying with the proposed code change is not

21 NAICS is the standard used by Federal statistical agencies in classifying business establishments for
the purpose of collecting, analyzing, and publishing statistical data related to the U.S. business economy.
NAICS was development jointly by the U.S. Economic Classification Policy Committee (ECPC), Statistics
Canada, and Mexico's Instituto Nacional de Estadistica y Geografia, to allow for a high level of
comparability in business statistics among the North American countries. NAICS replaced the Standard
Industrial Classification (SIC) system in 1997.

22 Establishments in this sector include businesses primarily engaged in evaluating a building’s structure
and component systems and includes energy efficiency inspection services and home inspection
services. This sector does not include establishments primarily engaged in providing inspections for
pests, hazardous wastes or other environmental contaminates, nor does it include state and local
government entities that focus on building or energy code compliance/enforcement of building codes and
regulations.
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anticipated to have adverse impacts on the safety or health of occupants or those
involved with the construction, commissioning, and maintenance of the building.

4.2.3.4 Impact on Building Owners and Occupants (Including Homeowners and
Potential First-Time Homeowners)
According to data from the U.S. Census, American Community Survey (ACS), there
were nearly 14.3 million housing units in California in 2018 and nearly 13.1 million were
occupied (see Table 97). Most housing units (nearly 9.2 million) were single family
homes (either detached or attached), while about 2 million homes were in buildings
containing two to nine units and 2.5 million were in multifamily building containing 10 or
more units. The U.S. Census reported that 59,200 single family and 50,700 multifamily
homes were constructed in 2019.

Table 97: California Housing Characteristics, 2018

Housing Measure Estimate
Total housing units 14,277,867
Occupied housing units 13,072,122
Vacant housing units 1,205,745
Homeowner vacancy rate 1.2%
Rental vacancy rate 4.0%
Units in Structure Estimate
1-unit, detached 8,177,141
1-unit, attached 1,014,941
2 units 358,619
3 or 4 units 783,963
5 to 9 units 874,649
10 to 19 units 742,139
20 or more units 1,787,812
Mobile home, RV, etc. 538,603

Source: (2018 American Community Survey n.d.)

Table 98 shows the distribution of California homes by vintage. About 15 percent of
California homes were built in 2000 or later and another 11 percent built between 1990
and 1999. The majority of California’s existing housing stock (8.5 million homes — 59
percent of the total) were built between 1950 and 1989, a period of rapid population and
economic growth in California. Finally, about 2.1 million homes in California were built
before 1950. According to Kenney et al, 2019, more than half of California’s existing
multifamily buildings (those with five or more units) were constructed before 1978 when
there were no building energy efficiency standards (California Energy Commission
2019).
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Table 98: Distribution of California Housing by Vintage, 2018

Home Vintage Units Percent Cumulative Percent
Built 2014 or later 343,448 2.4% 2.4%
Built 2010 to 2013 248,659 1.7% 4.1%
Built 2000 to 2009 1,553,769 10.9% 15.0%
Built 1990 to 1999 1,561,579 10.9% 26.0%
Built 1980 to 1989 2,118,545 14.8% 40.8%
Built 1970 to 1979 2,512,178 17.6% 58.4%
Built 1960 to 1969 1,925,945 13.5% 71.9%
Built 1950 to 1959 1,896,629 13.3% 85.2%
Built 1940 to 1949 817,270 5.7% 90.9%
Built 1939 or earlier 1,299,845 9.1% 100.0%
Total housing units 14,277,867 100%

Source: (2018 American Community Survey n.d.)

Table 99 shows the distribution of owner- and renter-occupied housing by household
income. Overall, about 55 percent of California housing is owner-occupied and the rate
of owner-occupancy generally increases with household income. The owner-occupancy
rate for households with income below $50,000 is only 37 percent, whereas the owner
occupancy rate is 72 percent for households earning $100,000 or more.

Table 99: Owner- and Renter-Occupied Housing Units in California by Income,
2018

Household Income Total Occ?;)vir::lr Occlzi)ri'(tezr
Less than $5,000 391,235 129,078 262,157
$5,000 to $9,999 279,442 86,334 193,108
$10,000 to $14,999 515,804 143,001 372,803
$15,000 to $19,999 456,076 156,790 299,286
$20,000 to $24,999 520,133 187,578 332,555
$25,000 to $34,999 943,783 370,939 572,844
$35,000 to $49,999 1,362,459 590,325 772,134
$50,000 to $74,999 2,044,663 1,018,107 1,026,556
$75,000 to $99,999 1,601,641 922,609 679,032
$100,000 to $149,999 2,176,125 1,429,227 746,898
$150,000 or more 2,780,761 2,131,676 649,085
Total Housing Units 13,072,122 7,165,664 5,906,458
Median household income $75,277 $99,245 $52,348

Source: (2018 American Community Survey n.d.)
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Understanding the distribution of California residents by home type, home vintage, and
household income is critical for developing meaningful estimates of the economic
impacts associated with proposed code changes affecting residents. Many proposed
code changes specifically target single family or multifamily residences and so the
counts of housing units by building type shown in Table 97 provides the information
necessary to quantify the magnitude of potential impacts. Likewise, impacts may differ
for owners and renters, by home vintage, and by household income, information
provided in Table 98 and Table 99.

For California residents, the code changes that the Statewide CASE Team is proposing
for the 2022 code cycle regulation would result in lower energy bills. When homeowners
or building occupants save on energy bills, they tend to spend it elsewhere thereby
creating jobs and economic growth for the California economy. Energy cost savings can
be particularly beneficial to low income homeowners who typically spend a higher
portion of their income on energy bills, often have trouble paying energy bills, and
sometimes go without other necessities to save money for energy bills (Association,
National Energy Assistance Directors 2011).]

4.2.3.5 Impact on Building Component Retailers (Including Manufacturers and
Distributors)

The Statewide CASE Team anticipates the proposed change would have no material
impact on California component retailers.

4.2.3.6 Impact on Building Inspectors

Table 100 shows employment and payroll information for state and local government
agencies in which many inspectors of residential and commercial buildings are
employed. Building inspectors participate in continuing training to stay current on all
aspects of building regulations, including energy efficiency. The Statewide CASE Team,
therefore, anticipates the proposed change would have no impact on employment of
building inspectors or the scope of their role conducting energy efficiency inspections.

Table 100: Employment in California State and Government Agencies with
Building Inspectors, 2018

Sector Govt. Establishments Employment Annual Payroll

(millions $)
Administration of State 17 283 $29.0
Housing Programs? Local 36 2,882 $205.7
Urban and Rural State 35 552 $48.2
Development Admin® Local 52 2,446 $186.6

Source: (State of California, Employment Development Department n.d.)
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a. Administration of Housing Programs (NAICS 925110) comprises government establishments
primarily engaged in the administration and planning of housing programs, including building codes
and standards, housing authorities, and housing programs, planning, and development.

b. Urban and Rural Development Administration (NAICS 925120) comprises government
establishments primarily engaged in the administration and planning of the development of urban
and rural areas. Included in this industry are government zoning boards and commissions.

4.2.3.7 Impact on Statewide Employment

As described in Sections 4.2.3.1 through 4.2.3.6, the Statewide CASE Team does not
anticipate significant employment or financial impacts to any particular sector of the
California economy. This is not to say that the proposed change would not have modest
impacts on employment in California. In Section 4.2.4, the Statewide CASE

Team estimated how the proposed change to prescriptive duct insulation and sealing
requirements would affect statewide employment and economic output directly and
indirectly through its impact on builders, designers and energy consultants, and building
inspectors. In addition, the Statewide CASE Team estimated how energy savings
associated with the proposed change to duct insulation and sealing requirements would
lead to modest ongoing financial savings for California residents, which would then be
available for other economic activities.

4.2.4 Economic Impacts

For the 2022 code cycle, the CASE team used the IMPLAN model software, along with
economic information from published sources, and professional judgement to developed
estimates of the economic impacts associated with each proposed code changes. 23
While this is the first code cycle in which the CASE team develops estimates of
economic impacts using IMPLAN, it is important to note that the economic impacts
developed for this report are only estimates and are based on limited and to some
extent speculative information. In addition, the IMPLAN model provides a relatively
simple representation of the California economy and, though the Statewide CASE Team
is confident that direction and approximate magnitude of the estimated economic
impacts are reasonable, it is important to understand that the IMPLAN model is a
simplification of extremely complex actions and interactions of individual, businesses,
and other organizations as they respond to changes in energy efficiency codes. In all
aspect of this economic analysis, the CASE authors rely on conservative assumptions
regarding the likely economic benefits associated with the proposed code change. By
following this approach, the Statewide CASE Team believes the economic impacts

23 IMPLAN (Impact Analysis for Planning) software is an input-output model used to estimate the
economic effects of proposed policies and projects. IMPLAN is the most commonly used economic
impact model due to its ease of use and extensive detailed information on output, employment, and wage
information.
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presented below represent lower bound estimates of the actual impacts associated with
this proposed code change.

Adoption of this code change proposal would result in relatively modest economic
impacts through the additional direct spending by those in the residential building and
remodeling industry and building inspectors, as well as indirectly as residents spend all
or some of the money saved through lower utility bills on other economic

activities. There may also be some non-residential customers that are impacted by this
proposed code change; however, the Statewide CASE Team does not anticipate such
impacts to be materially important to the building owner or have measurable economic
impacts. Table 101 and Table 102 demonstrate economic impacts based on the
estimated additional spending from the proposed submeasures. These figures assume
that there would be no reduction in the number of homes completing relevant projects
as a direct result of these proposed code changes. Estimated impacts to the residential
construction sector and on discretionary spending by residents is based on the
incremental cost and energy savings presented in this report for each submeasure.
There are no estimated impacts to building inspectors.

Table 101: Estimated Impact that Adoption of the Proposed Measure would have
on the California Residential Construction Sector

Sub- Type of Economic = Employ Labor Total Value
Measure Impact ment Income Added

Direct Effects
(Additional spending
by Residential
Builders)

Indirect Effect
(Additional spending
by firms supporting
Residential Builders)

Induced Effect

(Spending by
employees of firms 221  $1,232,805 $2,206,086 $3,601,218
experiencing “direct”
or “indirect” effects)

Total Submeasure
Impacts

Direct Effects
Duct (Additional spending
Insulation by Residential
Builders)

Output

46.7  $2,992,308 $5,043,126 $8,189,220

18.0  $1,154,877 $1,800,105 $3,196,687
Duct
Sealing

86.8  $5,379,990 $9,049,317 $14,987,124

7.5 $481,431 $811,386  $1,317,560
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Sub- Type of Economic  Employ Labor Total Value Output
Measure Impact ment Income Added P

Indirect Effect

(’b*dd.'“ma' spending 5 g185808  $289.618  $514,313
y firms supporting
Residential Builders)

Induced Effect

(Spending by
employees of firms 3.6 $198,345 $354,936 $579,398
experiencing “direct”
or “indirect” effects)
Total Submeasure

Impacts

Total Economic Impacts 100.8 $6,245,574 $10,505,258 $17,398,396

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.

14.0 $865,584  $1,455,941 $2,411,272

Table 102: Estimated Impact that Adoption of the Proposed Measure would have
on Discretionary Spending by California Residents

Sub- Type of Economic  Employ Labor Total Value Output
Measure Impact ment Income Added P

Direct Effects
(Additional spending by 162.9  $8,431,214 $15,507,498 $24,984,058
households)

Indirect Effect
(Purchases by
businesses to meet 57.9 $3,976,206  $6,602,975 $11,109,207
additional household
spending)
Induced Effect
(Spending by
eg“p'.oyees of 66.3  $3,702,273 $6,624,507 $10,815,014
usinesses
experiencing “indirect”
effects)

T°ta'|3“bmeas”"e 2871 $16,109,693 $28,734,981 $46,908.279
mpacts

Direct Effects
(Additional spending by 8.0 $415,296 $763,852 $1,230,638
households)

Duct
Sealing

Duct
Insulation
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Sub- Type of Economic  Employ Labor Total Value
Measure Impact ment Income Added

Indirect Effect
(Purchases by
businesses to meet 2.9 $195,856 $325,242 $547,205
additional household
spending)
Induced Effect
(Spending by
employees of
businesses
experiencing “indirect”
effects)
Total Submeasure
Impacts

Total Economic Impacts 301.2 $16,903,207 $30,150,378 $49,218,837

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.

Output

3.3 $182,363 $326,303 $532,714

14.1 $793,514 $1,415,397 $2,310,558

4.2.4.1 Creation or Elimination of Jobs

The Statewide CASE Team does not anticipate that the measures proposed for the
2022 code cycle regulation would lead to the creation of new types of jobs or the
elimination of existing types of jobs. In other words, the Statewide CASE Team’s
proposed change would not result in economic disruption to any sector of the California
economy. Rather, the estimates of economic impacts discussed in Section 4.2.4

would lead to modest changes in employment of existing jobs.

4.2.4.2 Creation or Elimination of Businesses in California

As stated in Section 4.2.4.1, the Statewide CASE Team’s proposed change would not
result in economic disruption to any sector of the California economy. The proposed
change represents a modest change to ductwork requirements , which would not
excessively burden or competitively disadvantage California businesses — nor would it
necessarily lead to a competitive advantage for California businesses. Therefore, the
Statewide CASE Team does not foresee any new businesses being created, nor does
the Statewide CASE Team think any existing businesses would be eliminated due to the
proposed code changes to the California Energy Code.

4.2.4.3 Competitive Advantages or Disadvantages for Businesses in California

The code changes the Statewide CASE Team is proposing for the 2022 code
cycle would apply to all businesses operating in California, regardless of whether the
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business is located inside or outside of the state.?* Therefore, the Statewide CASE
Team does not anticipate that these measures proposed for the 2022 code

cycle regulation would have an adverse effect on the competitiveness of California
businesses. Likewise, the Statewide CASE Team does not anticipate businesses
located outside of California would be advantaged or disadvantaged.

4.2.4.4 Increase or Decrease of Investments in the State of California

The Statewide CASE Team analyzed national data on corporate profits and capital
investment by businesses that expand a firm’s capital stock (referred to as net private
domestic investment, or NPDI).2> As Table 103 shows between 2015 and 2019, NPDI
as a percentage of corporate profits ranged from 26 to 35 percent, and the average was
31 percent. While only an approximation of the proportion of business income used for
net capital investment, the Statewide CASE Team believes it provides a reasonable
estimate of the proportion of proprietor income that would be reinvested by business
owners into expanding their capital stock.

Table 103: Net Domestic Private Investment and Corporate Profits, U.S.

Net Domestic Private Corporate Profits Ratio of Net Private
Year Investment by Businesses, After Taxes, Billions Investment to
Billions of Dollars of Dollars Corporate Profits
2015 609.245 1,740.349 35%
2016 455.980 1,739.838 26%
2017 509.276 1,813.552 28%
2018 618.247 1,843.713 34%
2019 580.849 1,826.971 32%
5-Year Average 31%

Source: (Federal Reserve Economic Data n.d.)

The estimated increase in investment in California is $1.1 million. The Statewide CASE
Team does not anticipate that the economic impacts associated with the proposed
measure would lead to significant change (increase or decrease) in investment in any
directly or indirectly affected sectors of California’s economy. Nevertheless, the
Statewide CASE Team is able to derive a reasonable estimate of the change in

24 Gov. Code, §§ 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR § 2003(a)(3) Competitive advantages or
disadvantages for CA businesses currently doing business in the state.

25 Net private domestic investment is the total amount of investment in capital by the business sector that
is used to expand the capital stock, rather than maintain or replace due to depreciation. Corporate profit is
the money left after a corporation pays its expenses.
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investment by California businesses by multiplying the sum of Business Income
estimated in Table 101 and Table 102 above by 31 percent.

4.2.4.5 Effects on the State General Fund, State Special Funds, and Local
Governments

The Statewide CASE Team does not expect the proposed code changes to have a
measurable impact on the California’s General Fund, any state special funds, or local
government funds.

Cost of Enforcement

Cost to the State

State government already has budget for code development, education, and
compliance enforcement. While state government would be allocating resources to
update the Title 24, Part 6 Standards, including updating education and compliance
materials and responding to questions about the revised requirements, these activities
are already covered by existing state budgets. The costs to state government are small
when compared to the overall costs savings and policy benefits associated with the
code change proposals. Because the proposed code change applies to residential
buildings alone, impact to state buildings is not expected.

Cost to Local Governments

All revisions to Title 24, Part 6 would result in changes to compliance determinations.
Local governments would need to train building department staff on the revised Title 24,
Part 6 Standards. While this re-training is an expense to local governments, it is not a
new cost associated with the 2022 code change cycle. The building code is updated on
a triennial basis, and local governments plan and budget for retraining every time the
code is updated. There are numerous resources available to local governments to
support compliance training that can help mitigate the cost of retraining, including tools,
training and resources provided by the IOU codes and standards program (such as
Energy Code Ace). As noted in Section 3.1.5 and Appendix F, the Statewide CASE
Team considered how the proposed code change might impact various market actors
involved in the compliance and enforcement process and aimed to minimize negative
impacts on local governments.

4.2.4.6 Impacts on Specific Persons

While the objective of any of the Statewide CASE Team’s proposal is to promote energy
efficiency, the Statewide CASE Team recognizes that there is the potential that a
proposed update to the 2022 code cycle may result in unintended consequences. The
Statewide CASE Team does not expect that the proposed submeasures would result in
negative impacts on specific persons.
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4.3 Energy Savings

The submeasure to revise the 40-foot trigger for prescriptive duct sealing and insulation
eliminates an exception to the primary code requirements. The Statewide CASE Team
interprets this type of change as not requiring a cost effectiveness justification. The cost
effectiveness analysis that was conducted when the prescriptive duct requirements
were first added for the 2005 code cycle did not depend on this exception to
demonstrate cost effectiveness; the measure was cost effective regardless of the length
of ductwork added to the existing system. Therefore, energy savings and cost
effectiveness analysis are not presented for this submeasure.

Sections 4.3 through 4.5 are presented for the reduction in duct leakage target and
increase to duct insulation measures only.

As of the Draft CASE Report’s date of publication, the Energy Commission has not
released the final 2022 TDV factors that are used to evaluate TDV energy savings and
cost effectiveness. The energy and cost analysis presented in this report used the TDV
factors that were released in the 2022 CBECC-Res research version that was released
in December 2019. These TDV factors were consistent with the TDV factors that the
Energy Commission presented during their public workshop on compliance metrics held
October 17, 2019 (California Energy Commission 2019). The electricity TDV factors did
not include the 15 percent retail adder and the natural gas TDV factors did not include
the impact of methane leakage on the building site, updates that the Energy
Commission presented during their workshop on March 27, 2020. Presentations from
Bruce Wilcox and NORESCO during the March 27, 2020 workshop indicated that the 15
percent retail adder and methane leakage would result in most energy efficiency
measures having slightly higher TDV energy and energy cost savings than using the
TDV factors without these refinements. As a result, the TDV energy savings presented
in this report are lower than the values that would have been obtained using TDV with
the 15 percent retail adder and methane leakage, and the proposed code changes
would be more cost effective using the revised TDV. The Energy Commission notified
the Statewide CASE Team on April 21, 2020 that they were investigating further
refinements to TDV factors using 20-year global warming potential (GWP) values
instead of the 100-year GWP values that were used to derive the current TDV factors. It
is anticipated that the 20-year GWP values may increase the TDV factors slightly
making proposed changes that improve energy efficiency more cost effective. Energy
savings presented in kWh and therms are not affected by TDV or demand factors.

When the Energy Commission releases the final TDV factors, the Statewide CASE
Team will consider the need to re-evaluate energy savings and cost-effectiveness
analyses using the final TDV factors for the results that will be presented in the Final
CASE Report.
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The Energy Commission is developing a source energy metric (energy design rating or
EDR 1) for the 2022 code cycle. As of the date this Draft CASE Report was published,
the source energy metric has not been finalized and the Energy Commission has not
provided guidance on analyses they would like to see regarding the impact of proposed
code changes relative to the source energy metric. Pending guidance from the Energy
Commission, the Final CASE Reports may include analyses on the source energy
metric.

4.3.1 Key Assumptions for Energy Savings Analysis

The energy savings analysis relies on results of California Building Energy Code
Compliance (CBECC) software simulations to estimate energy use for single family and
multifamily prototype buildings. Various scenarios were evaluated comparing different
duct insulation values against a range of basecase conditions (primarily HVYAC system
efficiency). The prototypes evaluated are mixed-fuel with natural gas used for space
heating, water heating, cooking, and clothes drying represent the majority of existing
residential buildings (see Appendix H for further details). All sixteen climate zones were
evaluated, even though ultimately the submeasure is recommended only in a subset of
climate zones based on the cost effectiveness results and efforts to align the alteration
requirements with those for new construction.

4.3.2 Energy Savings Methodology

4.3.2.1 Energy Savings Methodology per Prototypical Building

The Energy Commission directed the Statewide CASE Team to model the energy
impacts using specific prototypical building models that represent typical building
geometries for different types of buildings. These prototypes represent new construction
buildings and therefore in some cases the prototypes were revised to better reflect the
existing building stock relative to new construction. The prototype buildings that the
Statewide CASE Team used in the analysis are presented in Table 104. Refer to
Appendix H for further details on the prototypes.

This duct sealing proposal impacts single family building only while the duct insulation
proposal impacts single family and multifamily buildings. In addition to the single family
alteration prototype the duct insulation measure was evaluated for the low-rise garden
multifamily prototype which includes an unconditioned attic. The low-rise loaded corridor
prototype was not evaluated because the energy savings and cost effectiveness are
expected to be very similar to the low-rise garden prototype.
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Table 104: Prototype Buildings Used for Energy, Demand, Cost, and
Environmental Impacts Analysis

Numb Floor
Prototype umber Area . Measures
Name (square Description evaluated
Stories \S9
feet)
Single Single story house with attached Prescriptive
Family 1 1,665 garage. 8-ft ceilings. Steep-slope  duct insulation,
Alteration roof above attic with ducts in attic. duct sealing
2-story, 8-unit apartment building.
Low-Rise Average dwelling unit size: 870 Prescriotive
Garden 2 6,960 ft2. Individual HVYAC & DHW SCrptiv
e duct insulation
Multifamily systems. Steep-slope roof above

attic with ducts in attic.

The Statewide CASE Team estimated energy and demand impacts by simulating the
proposed code change using the 2022 Research Version of the CBECC software for
residential buildings (CBECC-Res for low-rise residential (California Energy
Commission 2019c)).

CBECC-Res generates two models based on user inputs: the Standard Design and the
Proposed Design.?® The Standard Design represents the geometry of the design that
the builder would like to build and inserts a defined set of features that result in an
energy budget that is minimally compliant with 2019 Title 24, Part 6 code requirements.
Features used in the Standard Design are described in the 2019 Residential ACM
Reference Manual. The Proposed Design represents the same geometry as the
Standard Design, but it assumes the energy features that the software user describes
with user inputs. To develop savings estimates for the proposed code changes, the
Statewide CASE Team created a Standard Design and Proposed Design for each
prototypical building.

There is an existing Title 24, Part 6 requirement that covers the building system in
question, so the Standard Design is minimally compliant with the 2019 Title 24
requirements with two exceptions for alterations. For single family buildings the
Standard Design applied in this analysis differs from that calculated from the CBECC-
Res software in one aspect. The existing condition building infiltration assigned to the

26 CBECC-Res creates a third model, the Reference Design, that represents a building similar to the
Proposed Design, but with construction and equipment parameters that are minimally compliant with the
2006 International Energy Conservation Code (IECC). The Statewide CASE Team did not use the
Reference Design for energy impacts evaluations.
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existing home (10 ACH50) is not reflected in the CBECC-Res Standard Design
calculation per the ACM Reference Manual rules. For multifamily buildings the Standard
Design applied in this analysis differs from that calculated from the CBECC-Res
software in one respect. Ductwork was located within the vented attic, which is common
for this building type, while the CBECC-Res Standard Design for multifamily buildings
assumes that ductwork is located within conditioned space. Therefore, two simulations
were conducted for each submeasure: one to represent the revised Standard Design
and another to represent the Proposed Design. Refer to Appendix H for additional
details.

The Proposed Design was identical to the Standard Design in all ways except for the
revisions that represent the proposed changes to the code. Table 105 and Table 106
describe precisely which parameters were modified and what values were used in the
Standard Design and Proposed Design.

Comparing the energy impacts of the Standard Design to the Proposed Design reveals
the impacts of the proposed code change relative to a building that is minimally
compliant with the 2019 Title 24, Part 6 requirements.

Table 105: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change for Duct Sealing

Climate Standard Design Proposed Design
Prototype ID Zone Parameter Name Parameter Value  Parameter Value
Single Family Distribution System: o o
Alteration Al Duct Leakage 15% 10%

Table 106: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change for Duct Insulation

Standard Proposed

Climate Design Design
Prototype ID Zone Parameter Name Parameter  Parameter
Value Value
Single Family 1.2 4 8-10 Distribution
Alteration & Low-Rise ’12:13 ’ System: Duct 6.0 8.0
Garden Multifamily Insulation R-value

CBECC-Res calculates whole-building energy consumption for every hour of the year
measured in kilowatt-hours per year (kWh/yr) and therms per year (therms/yr). It then
applies the 2022 time dependent valuation (TDV) factors to calculate annual energy use
in kilo British thermal units per year (TDV kBtu/yr) and annual peak electricity demand
reductions measured in kilowatts (kW). CBECC-Res also generates TDV energy cost
savings values measured in 2023 present value dollars (2023 PV$) and nominal dollars.
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The energy impacts of the proposed code change do vary by climate zone. The
Statewide CASE Team simulated the energy impacts in every climate zone and applied
the climate-zone specific TDV factors when calculating energy and energy cost impacts.

Per unit energy impacts for single family buildings are presented in savings per
prototype building. Per-unit energy impacts for multifamily buildings are presented in
savings per dwelling unit. Annual energy and peak demand impacts for each prototype
building were translated into impacts per dwelling unit by dividing by the number of
dwelling units in the prototype building.

4.3.2.2 Statewide Energy Savings Methodology

The per-unit energy impacts were extrapolated to statewide impacts using the
Statewide Construction Forecasts that the Energy Commission provided (California
Energy Commission 2019d). The Statewide Construction Forecasts estimate the size of
the total existing building stock by building type and climate zone in 2023, the first year
that the 2022 Title 24, Part 6 requirements are in effect. In order to translate per unit
savings to statewide energy impacts, The Statewide CASE Team conducted research
to determine appropriate weighting factors for each submeasure. Table 107 and Table
108 present the prototypical buildings and weighting factors used for the duct sealing
and duct insulation submeasures, respectively. The percent of building type represented
by prototype is 100 percent for single family since there is only a single prototype. The
portion of multifamily impacted is based on the portion of total California multifamily
dwelling units in buildings three stories or less, according to the CoStar database
(CoStar 2018). The percent of prototype impacted by the proposed code change is
estimated based on CalCERTS data (CalCERTS 2020). Appendix A presents additional
information about the methodology and assumptions used to calculate statewide energy
impacts.

Table 107: Residential Building Types and Associated Prototype Weighting for
the Duct Sealing Submeasure

Weighting Factors for Statewide Impacts

Building Type ID Building Analysis
from Statewide Prototype for % of Building % of Prototype
Construction Energy Type Impacted by Wei TOtaI
Forecast Modeling Represented Proposed ellg:;htlng
by Prototype Code Change actor
Single Family S'R?t'e Family 100% 0.357% 0.357%
eration
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Table 108: Residential Building Types and Associated Prototype Weighting for
the Duct Insulation Submeasure

Weighting Factors for Statewide Impacts

Building Type Analysis
ID from Building o - 0
Statewide Prototype for % of Building % of Prototype Total
Construction  Energy Modeling Type Impacted by Weighting
Represented Proposed Code
Forecast Factor
by Prototype Change
Single Family ~ >mdle Family 100% 0.067% 0.067%
Alteration
Multifamily Low-Rise Garden 84% 0.002% 0.002%

4.3.3 Per-Unit Energy Impacts Results

4.3.3.1 Prescriptive Duct Sealing

Energy savings and peak demand reductions per unit are presented in Table 109. The
per-unit energy savings figures do not account for naturally occurring market adoption
or compliance rates. For single family homes per-unit savings for the first year are
expected to range from 8 to 631 kWh/yr and 1 to 38 therms/yr depending upon climate
zone. Demand reductions/increases are expected to range between 0 kW and 0.238
kW depending on climate zone.

Table 109: Duct Leakage First-Year Energy Impacts Per Home — Single Family
Alteration

Climate Electr_icity Peak Electr.icity Natural _Gas TDV Em.argy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtulyr)

1 22 0.000 25.0 9,157

2 40 0.016 12.6 9,690

3 10 0.002 9.4 4,362

4 85 0.066 7.3 9,324

5 8 0.000 8.4 3,347

6 44 0.033 2.3 3,646

7 42 0.028 1.4 2,314

8 100 0.042 3.1 9,207

9 102 0.105 4.7 8,924

10 146 0.062 6.5 10,623

11 266 0.167 18.1 20,246

12 111 0.075 13.5 12,504

13 289 0.209 9.7 17,399
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Electricity Peak Electricity Natural Gas TDV Energy

CIZi:)nna:e Savings Demand Reductions Savings Savings
(kWhlyr) (kW)  (thermsl/yr) (TDV kBtul/yr)
14 242 0.105 18.3 20,846
15 631 0.238 2.0 26,141
16 82 0.040 37.7 15,518

4.3.3.2 Prescriptive Duct Insulation

Energy savings and peak demand reductions per unit are presented in Table 110
through Table 111. The per-unit energy savings figures do not account for naturally
occurring market adoption or compliance rates. For single family homes per-unit
savings for the first year are expected to range from 5 to 67 kWh/yr and 1 to 6 therms/yr
depending upon climate zone. Demand reductions/increases are expected to range
between 0 kW and 0.040 kW depending on climate zone.

Table 110: Duct Insulation First-Year Energy Impacts Per Home — Single Family
Alteration

Climate Electr_icity Peak Electr_icity Natural _Gas TDV En(_ergy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtulyr)
1 5 0.000 5.5 2,015
2 10 0.007 2.8 2,131
3 N/A N/A N/A N/A
4 24 0.018 1.9 2,547
5 N/A N/A N/A N/A
6 N/A N/A N/A N/A
7 N/A N/A N/A N/A
8 27 0.018 0.8 2,181
9 28 0.029 1.2 2,331
10 37 0.024 1.7 2,631
11 N/A N/A N/A N/A
12 29 0.012 3.1 3,696
13 67 0.040 2.3 4,762
14 N/A N/A N/A N/A
15 N/A N/A N/A N/A
16 N/A N/A N/A N/A
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Table 111: Duct Insulation First-Year Energy Impacts Per Home — Low-Rise
Garden Multifamily

Climate Electr_icity Peak EIectr_icity Natural _Gas TDV Enc_argy
Zone Savings Demand Reductions Savings Savings
(kWhlyr) (kW) (thermsl/yr) (TDV kBtulyr)
1 2 0.000 29 1,044
2 8 0.001 1.5 1,488
3 N/A N/A N/A N/A
4 16 0.011 0.9 1,401
5 N/A N/A N/A N/A
6 N/A N/A N/A N/A
7 N/A N/A N/A N/A
8 19 0.014 0.4 1,148
9 19 0.018 0.7 1,209
10 24 0.010 0.9 1,496
11 N/A N/A N/A N/A
12 18 0.010 1.7 1,810
13 39 0.022 1.3 2,384
14 N/A N/A N/A N/A
15 N/A N/A N/A N/A
16 N/A N/A N/A N/A

44 Cost and Cost Effectiveness

4.41 Energy Cost Savings Methodology

Energy cost savings were calculated by applying the TDV energy cost factors to the
energy savings estimates that were derived using the methodology described in Section
4.3.2. TDV is a normalized metric to calculate energy cost savings that accounts for the
variable cost of electricity and natural gas for each hour of the year, along with how
costs are expected to change over the period of analysis (30 years for residential
measures). The TDV cost impacts are presented in nominal dollars and in 2023 present
value dollars and represent the energy cost savings realized over 30 years. TDV energy
cost factors of 0.173 2023 PV$/kBtu and 0.173 Nominal$/kBtu were applied.

4.4.2 Energy Cost Savings Results

4.4.2.1 Prescriptive Duct Sealing

Per-unit energy cost savings for newly constructed buildings and alterations that are
realized over the 30-year period of analysis are presented in 2023 dollars in Table 112.
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Further analysis showing the value in nominal dollars can be found in Appendix B. The
TDV methodology allows peak electricity savings to be valued more than electricity
savings during non-peak periods.

Table 112: Duct Leakage 2023 PV TDV Energy Cost Savings Over 30-Year Period
of Analysis — Per Prototype Home — Single Family Alterations

30-Year TDV

Climate Electricity Cost 30-Year TDV Nat_ural Total 30-Year :I'DV
Zone Savings Gas Cost Savings Energy Cost Savings
(2023 PVS$) (2023 PV$) (2023 PV$)
1 $115 $1,469 $1,584
2 $910 $766 $1,676
3 $190 $565 $755
4 $1,167 $446 $1,613
5 $72 $507 $579
6 $490 $141 $631
7 $314 $86 $400
8 $1,406 $187 $1,593
9 $1,256 $288 $1,544
10 $1,440 $398 $1,838
11 $2,402 $1,100 $3,503
12 $1,345 $818 $2,163
13 $2,422 $588 $3,010
14 $2,492 $1,115 $3,606
15 $4,401 $121 $4,522
16 $432 $2,253 $2,685

4.4.2.2 Prescriptive Duct Insulation

Per-unit energy cost savings for newly constructed buildings and alterations that are
realized over the 30-year period of analysis are presented in 2023 dollars in Table 113
through Table 114. Further analysis showing the value in nominal dollars can be

found in Appendix B. The TDV methodology allows peak electricity savings to be valued
more than electricity savings during non-peak periods.
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Table 113: Duct Insulation 2023 PV TDV Energy Cost Savings Over 30-Year Period

of Analysis — Per Prototype Home — Single Family Alterations

30-Year TDV Electricity 30-Year TDV Natural

Climate Gas Cost Savings

Zone

PN DD © N oA WN

—
N

15
16

Cost Savings
(2023 PV$)

$26
$202
N/A
$328
N/A
N/A
N/A
$328
$328
$351
N/A
$452
$686
N/A
N/A
N/A

(2023 PV$)
$323
$167
N/A
$112
N/A
N/A
N/A
$49
$75
$104
N/A
$187
$138
N/A
N/A
N/A

Total 30-Year TDV
Energy Cost Savings

(2023 PV$)
$349
$369
N/A
$441
N/A
N/A
N/A
$377
$403
$455
N/A
$639
$824
N/A
N/A
N/A

Table 114: Duct Insulation 2023 PV TDV Energy Cost Savings Over 30-Year Period

of Analysis — Per Prototype Home — Low-Rise Garden Multifamily

30-Year TDV Electricity 30-Year TDV Natural

Climate Gas Cost Savings

Zone

© 00N O ok~ WDN -

RN
o

Cost Savings
(2023 PVS$)

$11
$167
N/A
$187
N/A
N/A
N/A
$175
$169
$203

(2023 PV$)
$170
$90
N/A
$56
N/A
N/A
N/A
$24
$41
$56

Total 30-Year TDV
Energy Cost Savings

(2023 PV$)
$181
$257
N/A
$242
N/A
N/A
N/A
$199
$209
$259
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30-Year TDV Electricity 30-Year TDV Natural Total 30-Year TDV

Cg:,nna:e Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)
11 N/A N/A N/A
s $330 $83 $412
14 N/A N/A N/A
15 N/A N/A N/A
16 N/A N/A N/A

4.4.3 Incremental First Cost

4.4.3.1 Prescriptive Duct Sealing

Incremental costs for this measure reflect additional labor that may be required to
conduct sealing above and beyond typical practice to meet the lower duct leakage
target of 10 percent of system airflow. Feedback on how many hours may be typically
required was provided during stakeholders interviews. Some projects would meet 10
percent without any additional work. Others would require that the contractors address
additional areas of the duct system to meet the 10 percent. Still others would not be
able to achieve the 10 percent due to inaccessible ducts and the contractors would be
required to perform a smoke test with the HERS rater.

For a typical single family project it is estimated that 2 hours of additional labor would be
required at an hourly rate of $120 per hour for a total incremental labor cost of $240.
$20 or material is included for a total cost of $260 per home.

4.4.3.2 Prescriptive Duct Insulation

Incremental costs for this measure reflect the difference between R-6 and R-8 for
flexible duct. Estimated costs are based on data collected from online product research
from distributor and big box store websites. Cost data was also requested from
stakeholders during interviews and meetings, but no concrete cost data was provided.

The estimated incremental cost used in this analysis is $0.49 per square foot of duct
surface area for material. This is based on a cost of $0.43 per square foot for an
average of 6-inch, 8-inch, and 12-inch duct, less a 10 percent discount to reflect
contractor pricing. A 25 percent overhead and profit markup is then added to the top of
this reduced price. There is no incremental labor cost for this measure. Table 115
summarizes the total cost for the single family and low-rise multifamily prototypes and
the assumptions for supply duct surface area. Duct surface area is based on the 2019
Residential ACM Reference Manual which specifies that supply duct surface area is
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calculated as 0.27 times the floor area for single story buildings or units. This analysis
assumes that the entire duct system is replaced and upgraded to R-8 duct insulation.

Table 115: First Cost Summary for Duct Insulation

Single Multifamily

Family (per unit)
Incremental cost per square foot of duct surface area $0.489 $0.489
Square foot of duct surface area 450 235
Total Incremental First Cost $220 $115

4.4.4 Incremental Maintenance and Replacement Costs

Incremental maintenance cost is the incremental cost of replacing the equipment or
parts of the equipment, as well as periodic maintenance required to keep the equipment
operating relative to current practices over the 30-year period of analysis. The present
value of equipment maintenance costs (savings) was calculated using a 3 percent
discount rate (d), which is consistent with the discount rate used when developing the
2022 TDV. The present value of maintenance costs that occurs in the nt" year is
calculated as follows:

1 n
Present Value of Maintenance Cost = Maintenance Cost X ll n dJ

4.4.4.1 Prescriptive Duct Sealing

There are no incremental maintenance or replacement costs associated with this
measure. While the duct system would likely need to be replaced within the 30-year
period of analysis, duct sealing would be required as part of the new duct system
installation.

4.4.4.2 Prescriptive Duct Insulation

It's expected that the duct system would need to be replaced over the 30-year period of
analysis at year 20. The present value of the replacement cost at year 20 is calculated
and based on an incremental first cost of $0.49 per square foot of duct surface area. At
the end of the 30-year period of analysis there are 10 years of useful life remaining for
the duct system. The value of this is calculated and subtracted from the total present
value of the cost of the system. The total present value of the incremental cost for this
code change proposal is $0.66 per square foot of duct surface area, see Table 116 for
details. There is no difference in regular maintenance between the two system types.
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Table 116: Duct Insulation Summary of Replacement Cost

R-8 vs R-6 Duct Insulation (per
square foot of duct surface area)

Incremental First Cost $0.49

Present Value of Replacement Cost at Year 20 $0.27
Present Value of Remaining Useful Life at Year 30 -$0.10
Total Present Value of Incremental Cost $0.66

4.4.5 Cost Effectiveness

This measure proposes a prescriptive requirement. As such, a cost analysis is required
to demonstrate that the measure is cost effective over the 30-year period of analysis.

The Energy Commission establishes the procedures for calculating cost effectiveness.
The Statewide CASE Team collaborated with Energy Commission staff to confirm that
the methodology in this report is consistent with their guidelines, including which costs
were included in the analysis. The incremental first cost and incremental maintenance
costs over the 30-year period of analysis were included. The TDV energy cost savings
from electricity and natural gas savings were also included in the evaluation.

Design costs were not included nor were the incremental costs of code compliance
verification.

According to the Energy Commission’s definitions, a measure is cost effective if the
benefit-to-cost (B/C) ratio is greater than 1.0. The B/C ratio is calculated by dividing the
cost benefits realized over 30 years by the total incremental costs, which includes
maintenance costs for 30 years. The B/C ratio was calculated using 2023 PV costs and
cost savings.

4.45.1 Prescriptive Duct Sealing

Results of the per-unit cost-effectiveness analyses are presented in Table 117. The
proposed measure saves money over the 30-year period of analysis in all cases.

Table 117: Duct Leakage 30-Year Cost-Effectiveness Summary Per Home - Single
Family Alterations

Benefits Costs
Climate @ TDV Energy Cost Savings + Total Incremental PV Benefit-to-Cost
Zone Other PV Savings? CostsP Ratio
(2023 PV$) (2023 PV$)
1 $1,584 $260 6.09
2 $1,676 $260 6.45
3 $755 $260 2.90
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Benefits Costs
Climate @ TDV Energy Cost Savings + Total Incremental PV Benefit-to-Cost

Zone Other PV Savings? CostsP Ratio
(2023 PV$) (2023 PV$)
4 $1,613 $260 6.20
5 $579 $260 2.23
6 $631 $260 2.43
7 $400 $260 1.54
8 $1,593 $260 6.13
9 $1,544 $260 5.94
10 $1,838 $260 7.07
11 $3,503 $260 13.47
12 $2,163 $260 8.32
13 $3,010 $260 11.58
14 $3,606 $260 13.87
15 $4,522 $260 17.39
16 $2,685 $260 10.33

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (nominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.

4.45.2 Prescriptive Duct Insulation

Results of the per-unit cost-effectiveness analyses are presented in Table 118 through
Table 119. The proposed measure saves money over the 30-year period of analysis in
all climate zones where it is proposed.

Table 118: Duct Insulation 30-Year Cost-Effectiveness Summary Per Home —
Single Family Alterations

Benefits Costs
Climate TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PV$)
1 $349 $296 1.18
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Benefits Costs

Climate TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PVS$)
2 $369 $296 1.24
3 N/A N/A N/A
4 $441 $296 1.49
5 N/A N/A N/A
6 N/A N/A N/A
7 N/A N/A N/A
8 $377 $296 1.27
9 $403 $296 1.36
10 $455 $296 1.54
11 N/A N/A N/A
12 $639 $296 2.16
13 $824 $296 2.78
14 N/A N/A N/A
15 N/A N/A N/A
16 N/A N/A N/A

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (hominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.

Table 119: Duct Insulation 30-Year Cost-Effectiveness Summary Per Home — Low-
Rise Garden Multifamily

Benefits Costs
Climate TDV Energy Cost Savings + Total Incremental PV Benefit-to-
Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PV$)
1 $181 $155 1.17
2 $257 $155 1.66
3 N/A N/A N/A
4 $242 $155 1.57
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Benefits Costs
Climate TDV Energy Cost Savings + Total Incremental PV Benefit-to-

Zone Other PV Savings? CostsP Cost Ratio
(2023 PV$) (2023 PV$)
5 N/A N/A N/A
6 N/A N/A N/A
7 N/A N/A N/A
8 $199 $155 1.28
9 $209 $155 1.35
10 $259 $155 1.67
11 N/A N/A N/A
12 $313 $155 2.02
13 $412 $155 2.66
14 N/A N/A N/A
15 N/A N/A N/A
16 N/A N/A N/A

a. Benefits: TDV Energy Cost Savings + Other PV Savings: Benefits include TDV energy cost
savings over the period of analysis (Energy + Environmental Economics 2016, 51-53). Other
savings are discounted at a real (nominal — inflation) 3 percent rate. Other PV savings include
incremental first-cost savings if proposed first cost is less than current first cost. Includes PV
maintenance cost savings if PV of proposed maintenance costs is less than PV of current
maintenance costs.

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) 3 percent rate and if PV of proposed maintenance costs is greater than PV of
current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the Benefit-to-Cost ratio is infinite.

4.5 First-Year Statewide Impacts

4.5.1 Statewide Energy and Energy Cost Savings

The Statewide CASE Team calculated the first-year statewide savings for new
construction by multiplying the per-unit savings, which are presented in Section 4.3.3,
by assumptions about the percentage of existing buildings that would be impacted by
the proposed code. The statewide existing building forecast for 2023 is presented in
Appendix A as are the Statewide CASE Team’s assumptions about the percentage of
existing buildings that would be impacted by the proposal (by climate zone and building

type).

4.5.1.1 Prescriptive Duct Sealing

The first-year energy impacts represent the first-year annual savings from all buildings
that were completed in 2023. The 30-year energy cost savings represent the energy
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cost savings over the entire 30-year analysis period. The statewide savings estimates
do not take naturally occurring market adoption or compliance rates into account.

Table 120 presents the first-year statewide energy and energy cost savings by climate
zone.

Table 120: Duct Leakage Statewide Energy and Energy Cost Impacts

Statewide Existing First-Year First- 30-Year
Building Stock First- Year Present
Peak
Climat Impacted by Year? Electrical Natural Valued
Imate Proposed Change Electricity Gas Energy Cost
Zone . . Demand . -
in 2023 Savings Reduction Savings Savings
(single family: (GWh) (MW) (million  (million 2023
units) therms) PV$)
1 156 0.00 0.00 0.00 $0.25
2 928 0.04 0.02 0.01 $1.56
3 3,437 0.04 0.01 0.03 $2.59
4 1,746 0.15 0.11 0.01 $2.82
5 340 0.00 0.00 0.00 $0.20
6 2,103 0.09 0.07 0.00 $1.33
7 1,744 0.07 0.05 0.00 $0.70
8 3,260 0.33 0.14 0.01 $5.19
9 4,416 0.45 0.47 0.02 $6.82
10 3,723 0.55 0.23 0.02 $6.84
11 1,134 0.30 0.19 0.02 $3.97
12 4,549 0.50 0.34 0.06 $9.84
13 2,187 0.63 0.46 0.02 $6.58
14 844 0.20 0.09 0.02 $3.04
15 600 0.38 0.14 0.00 $2.71
16 329 0.03 0.01 0.01 $0.88
TOTAL 31,497 3.76 2.32 0.26 $55.33

a. First-year savings from all buildings completed statewide in 2023.

4.5.1.2 Prescriptive Duct Insulation

The first-year energy impacts represent the first-year annual savings from all buildings
that were completed in 2023. The 30-year energy cost savings represent the energy
cost savings over the entire 30-year analysis period. The statewide savings estimates
do not take naturally occurring market adoption or compliance rates into account.
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Table 121 presents the first-year statewide energy and energy cost savings by climate
zone.

Table 121: Duct Insulation Statewide Energy and Energy Cost Impacts

Statewide First-Year First-Year 30-Year
Existing Building First- Present
Peak Natural

Climat Stock Impacted Year® . trical Gas Valued
Imate by Proposed Electricity . Energy Cost
Zone . . Demand Savings -
Change in 2023 Savings . . Savings
. . Reduction  (million -
(single family and (GWh) (MW) therms) (million 2023
multifamily: units) PV$)
1 45 0.00 0.00 0.00 $0.02
2 266 0.00 0.00 0.00 $0.10
3 N/A N/A N/A N/A N/A
4 503 0.01 0.01 0.00 $0.22
5 N/A N/A N/A N/A N/A
6 N/A N/A N/A N/A N/A
7 N/A N/A N/A N/A N/A
8 938 0.03 0.02 0.00 $0.35
9 1,283 0.04 0.04 0.00 $0.51
10 1,065 0.04 0.03 0.00 $0.48
11 N/A N/A N/A N/A N/A
12 1,303 0.04 0.02 0.00 $0.83
13 625 0.04 0.02 0.00 $0.51
14 N/A N/A N/A N/A N/A
15 N/A N/A N/A N/A N/A
16 N/A N/A N/A N/A N/A
TOTAL 6,027 0.19 0.13 0.01 $3.02

a. First-year savings from all buildings completed statewide in 2023.

4.5.2 Statewide Greenhouse Gas (GHG) Emissions Reductions

The Statewide CASE Team calculated avoided GHG emissions assuming the
emissions factors specified in the United States Environmental Protection Agency (U.S.
EPA) Emissions & Generation Resource Integrated Database (eGRID) for the Western
Electricity Coordination Council California (WECC CAMX) subregion. The electricity
emission factor represents savings from avoided electricity generation and accounts for
the GHG impacts if the state meets the Renewable Portfolio Standard goal of 33
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percent renewable electricity generation by 2020.?” Avoided GHG emissions from
natural gas savings attributable to sources other than utility-scale electrical power
generation are calculated using emissions factors specified in U.S. EPA’s Compilation
of Air Pollutant Emissions Factors (AP-42). See Appendix D for additional details on the
methodology used to calculate GHG emissions.

Table 122 presents the estimated first-year avoided GHG emissions of the proposed
code change. During the first year, GHG emissions of 2,420 metric tons of carbon
dioxide equivalents (Metric TonnesCOZ2e) would be avoided.

Table 122: First-Year Statewide GHG Emissions Impacts

Reduced
GHG Reduced Total
.. Natural GHG
. . Emissions . s Reduced
Electricity Gas Emissions
Measure Savings® from Savings? from Natural COze
9 Electricity I, .~ . Emissions®P
(GWhlyr) Savings? (million Gas Savings (Metric
. thermslyr) (Metric
(Metric TonnesCO2e) TonnesCO2e)
TonnesCO2e)
Duct 3.76 904 0.26 1,407 2,311
Sealing
DUCF 0.19 46 0.01 62 109
Insulation

a. First-year savings from all buildings completed statewide in 2023.
b. Assumes the following emission factors: 240.4 MTCO2e/GWh and 5,454.4 MTCO2e/million therms.

4.5.3 Statewide Water Use Impacts
The proposed submeasures would not result in water savings.

4.5.4 Statewide Material Impacts

The proposed submeasures would not result in impacts on the use of toxic or energy
intensive materials.

27 When evaluating the impact of increasing the Renewable Portfolio Standard from 20 percent
renewables by 2020 to 33 percent renewables by 2020, the California Air Resources Board (CARB)
published data on expected air pollution emissions for various future electricity generation scenarios
(CARB 2010). The incremental emissions were calculated by dividing the difference between California
emissions in the CARB high and low generation forecasts by the difference between total electricity
generated in those two scenarios.
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4.5.5 Other Non-Energy Impacts

In addition to energy savings, duct sealing improves occupant comfort and indoor air
quality. Reducing leakage in ductwork results in more conditioned air being directed
where it is designed to go, more quickly responding to calls for heating or cooling and
providing comfort to occupants. Return duct leakage can also transfer indoor pollutants
if the return ducts pass through an area where there is a pollutant source, particularly if
the air filter is upstream of the leak. In multifamily buildings duct leakage can also
contribute to air transfer from ducts in interstitial spaces across multiple units.

4.6 Proposed Revisions to Code Language

4.6.1 Guide to Markup Language

The proposed changes to the standards, Reference Appendices, and the ACM
Reference Manuals are provided below. Changes to the 2019 documents are marked

with red underlining (new language) and strikethroughs (deletions).

4.6.2 Standards

SECTION 150.2 — ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND
ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS

(a) Additions. Additions to existing low-rise residential buildings shall meet the
requirements of Sections 110.0 through 110.9, Sections 150.0(a) through (q), and
either Section 150.2(a)1 or 2.

EXCEPTION 5 to Section 150.2(a): Space-Conditioning System Ducts. When
ducts are extended from an existing duct system to serve the addition, the existing
duct system and the extended ducts shall meet the applicable requirements
specified in Section 150.2(b)1Di and 150.2(b)1Dii, regardless of the length of the
extended ducts.

(b) Alterations. Alterations to existing low-rise residential buildings or alterations in
conjunction with a change in building occupancy to a low-rise residential occupancy
shall meet either Item 1 or 2 below.

1. Prescriptive approach. The altered component and any newly installed
equipment serving the alteration shall meet the applicable requirements of
Sections 110.0 through 110.9 and all applicable requirements of Section 150.0(a)
through (I); 150.0(m)1 through 150.0 (m)10, Section 150.0(0) through (q); and

D. Altered Duct Systems - Duct Sealing: In all Climate Zones, when more than
2540 feet of new or replacement space-conditioning system ducts are
installed, the ducts shall comply with the applicable requirements of
subsections i and ii below. Additionally, when altered ducts, air-handling units,
cooling or heating coils, or plenums are located in garage spaces, the system
shall comply with subsection 150.2(b)1Diic regardless of the length of any
new or replacement space-conditioning ducts installed in the garage space.
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i. New ducts located in unconditioned space shall meet the applicable
requirements of Sections 150.0(m)1 through 150.0(m)10421, and the duct
insulation requirements of TABLE 150.2-A, and

TABLE 150.2-A DUCT INSULATION R-VALUE

Climate | 3,5 through 73threugh10; | 1, 2, 4, 8 through 161%;
Zone i 14 through 16
Duct R-

Value R-6 R-8

ii. The altered duct system, regardless of location, shall be sealed as
confirmed through field verification and diagnostic testing in accordance
with all applicable procedures for duct sealing of altered existing duct
systems as specified in the Reference Residential Appendix RA3.1,
utilizing the leakage compliance criteria specified in Subsection a or b
below.

b. Extension of an Existing Duct System. If the new ducts are an
extension of an existing duct system serving single family or
multifamily dwellings, the combined new and existing duct system shall
meet one of the following requirements:

I. The measured duct leakage shall be equal to or less than 10
percent for single family buildings and 15 percent for multifamily
buildings of reminal system air handler airflow as confirmed by field
verification and diagnostic testing utilizing the procedures in
Reference Residential Appendix Section RA3.1.4.3.1; or

Il. The measured duct leakage to outside shall be equal to or less
than 7 percent for single family buildings and 10 percent for
multifamily buildings of neminal system air handler airflow as
confirmed by field verification and diagnostic testing utilizing the
procedures in Reference Residential Appendix Section
RA3.1.4.3.4; or

E. Altered Space-Conditioning System - Duct Sealing: In all Climate Zones,
when a space-conditioning system serving a single family or multifamily
dwelling is altered by the installation or replacement of space-conditioning
system equipment, including replacement of the air handler, outdoor
condensing unit of a split system air conditioner or heat pump, or cooling or
heating coil; the duct system that is connected to the altered space-
conditioning system equipment shall be sealed, as confirmed through field
verification and diagnostic testing in accordance with the applicable
procedures for duct sealing of altered existing duct systems as specified in
Reference Residential Appendix RA3.1 and the leakage compliance criteria
specified in subsection i, ii, or iii below. Additionally, when altered ducts, air-
handling units, cooling or heating coils, or plenums are located in garage
spaces, the system shall comply with Section 150.2(b)1Diic regardless of the
length of any new or replacement space-conditioning ducts installed in the
garage space.
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i. The measured duct leakage shall be equal to or less than 10 percent for
single family buildings and 15 percent for multifamily buildings of system
air handler airflow as determined utilizing the procedures in Reference
Residential Appendix Section RA3.1.4.3.1; or

ii. The measured duct leakage to outside shall be equal to or less than 7
percent for single family buildings and 10 percent for multifamily buildings
of system air handler airflow as determined utilizing the procedures in
Reference Residential Appendix Section RA3.1.4.3.4; or

4.6.3 Reference Appendices

RA3.1.4.2 Determining Air Handler Airflow for Calculation of Duct Leakage Rate
Compliance Targets

For use in establishing the target duct leakage rate compliance criteria, the system air
handler airflow shall be calculated using RA3-1-4-21,-RA3-142.26+RA3.1.4.2.3 if
measured system airflow is available. If measured system airflow is not available, the
system air handler airflow shall be calculated using RA3.1.4.2.1 or RA3.1.4.2.2.

4.6.4 ACM Reference Manual
2 Proposed, Standard, and Reference Design
2.10 Additions/Alterations
2.10.4.9 Duct System
STANDARD DESIGN
Table 33: Addition Standard Design for Duct Systems

Proposed | Standard Design Based on Proposed Duct System Status
Design
Duct No Verification of Existing Conditions Extendinrg Verified Existing
System e ConditionsAttered
Type
Altered or | CZ 3, 5-74-16.22-13: Duct insulation R-6 and duct Existing duct R-
Extended | leakage of 10% (single family) or 15% value and duct
Ducts (multifamily)sealing <15% leakage the lesser
>25ftAll CZ 1-2, 4, 8-1641,-14-16: Duct insulation R-8 and duct | of 30% or the
Sheale leakage of 10% (single family) or 15% existing leakage
Family (multifamily)sealing <15% rate ef15%

CZ 1-2, 4, 8-16: Duct insulation R-8 and duct sealing N/A
New <leakage of 5% (single family) or 12% (multifamily)
Ducts CZ 3, 5-7: Duct insulation R-6 and duct sealing

<leakage of 5% (single family) or 12% (multifamily)
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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.

4.6.5 Compliance Manuals

Chapter 9 of the Residential Compliance Manual would need to be revised. Section 9.2
What's New in the 2019 Energy Standards would need to be updated to describe the
proposed code changes. In addition, Section 9.4.6 HVAC System Alterations would
need to updated, see below for suggested updates.

SECTION 150.2 — ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND
ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS

9.4.6 HVAC System Alterations

If the heating and cooling system is unchanged as part of an addition or alteration,
compliance for the HVAC system is not necessary. Changing, altering, or replacing
any component of a system often triggers a requirement to seal the ducts. A HERS
Rater verifies the duct leakage is less than 10 percent for single family buildings and
15 percent for multifamily buildings. However, since the ducts are existing, if 15
pereentthe leakage target leakage is not feasible, there are alternatives, including all
accessible leaks being sealed and confirmed by a visual inspection (Section
150.2(b)1E).

Extending ducts to condition an addition is not an alteration, however it does require
duct leakage requirements per Section 150.2(b)1D regardless of the length or
Iocatlon of the new ductwork#me#eﬂqan%iee%eﬁnewduetwe%&mstaned—m

9.4.6.1 HVAC "Changeouts"
C. New and Altered Duct System - Insulation

When any more than 25 linear feet of new ducts are installed in an unconditioned
space, the duct must be insulated to a minimum R-value as described in Table 9-11.

Table 9-11: Duct Minimum R-Value

Climate Zone Mi&l;’ 24 1,2, 4, &8-163114-16
Duct R-Value R-6 R-8

When mere-than-40-linearfeet-of ducts are installed in conditioned space, the ducts
must be insulated to the minimum mandatory insulation level of R-4.2 and be verified
to be in conditioned space by both visual verification and diagnostic testing in
accordance to RA3.1.4.3.8. When ducts are installed in conditioned space but
without verification in accordance to RA3.1.4.3.8, the requirements for ducts in
unconditioned space must be met.
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4.6.6 Compliance Documents

Compliance document CF1R-ALT-02-E would need to be revised. The language in
subsections B, C, and D would need to changed to replace references to 40 feet of duct
with 25 feet of duct and also specify that all extended systems serving additions are
required to meet the prescriptive duct sealing and duct insulation requirements.

Compliance document CF2R-MCH-01-H would need to be revised. The language in
subsections B and D would need to changed to replace references to 40 feet of duct
with 25 feet of duct and also specify that all extended systems serving additions are
required to meet the prescriptive duct sealing and duct insulation requirements.
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5.Attic Insulation

5.1 Measure Description

5.1.1 Measure Overview

This is a submeasure of the CASE Report that covers two prescriptive code change
proposals for attic insulation, one for alterations and another for additions. The two
submeasures proposed are described below.

These measures apply to all low-rise residential buildings including single family and
multifamily. Both submeasures would require updates to the compliance software for
existing plus addition plus alteration and addition alone analysis.

5.1.1.1 Attic Insulation for Alterations

This submeasure adds a prescriptive requirement for ceiling insulation and air sealing
for altered ceilings below a vented attic. Currently, the only requirement for an altered
ceiling for low-rise buildings is that the mandatory requirements for R-19 ceiling
insulation in Section 150.0 be met. This submeasure proposes to add a prescriptive
requirement that increases the insulation value to R-49 and requires air sealing
components. All accessible areas of the ceiling plane between the attic and the
conditioned space shall be sealed in accordance with Section 110.7 of the standards.
Recessed downlight luminaires in the ceiling must be covered with insulation to the
same depth as the rest of the attic. This requires that fixtures that are not rated for
Insulation Contact (IC) be retrofit or a fire rated cover be installed over the attic side of
the fixture. If attic ventilation does not already comply with CBC requirements,
ventilation must be added to meet code minimums.

This code change further clarifies that when an entirely new or complete replacement
duct system is installed in a vented attic space, this constitutes an altered ceiling and
the proposed attic insulation and air sealing requirements apply.

Table 123 describes the existing and proposed requirements by climate zone for this
submeasure. Cost effectiveness analysis evaluated various packages of measures
relative to a R-11 and R-19 attic insulation base case and identified which components
of the proposal should be required in each climate zone. It also demonstrated that in
cases where buildings have an existing level of attic insulation equal to or greater than
R-19, the costs associated with removing the existing insulation and air sealing the
ceiling floor were too high to justify the energy savings. Therefore, the air sealing related
aspects of this proposal are excluded for these buildings. In some cases, the recessed
cans and adding the R-49 attic insulation requirements were excluded when the costs
associated with adding these measures were also found to be higher than could be
justified by the energy savings. See Appendix | for detailed analysis results.
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Table 123: Summary of Existing and Proposed Attic Insulation Requirements for

Alterations

Climate
Zones

Single Family
57
6
1,3

2,4,8-10

11-16
Multifamily
5-7
1,3,4
9
8, 10

2

11-16

Existing

R-19
R-19
R-19

R-19

R-19

R-19
R-19
R-19
R-19

R-19

R-19

Proposed
Building with < R-19
existing attic insulation

R-19
R-49
R-49 & recessed cans

R-49 & recessed cans & air
sealing

R-49 & recessed cans & air
sealing

R-19
R-49 & recessed cans
R-49 & recessed cans
R-49 & recessed cans

R-49 & recessed cans & air
sealing

R-49 & recessed cans & air
sealing

Proposed
Building with 2 R-19
existing attic insulation

R-19
R-19
R-19

R-49

R-49 & recessed cans

R-19
R-19
R-19
R-49

R-49

R-49 & recessed cans

The proposed submeasure includes several additional exceptions, listed below.

e Buildings with at least R-38 existing attic insulation

e Buildings with asbestos or knob and tube wiring located in the attic.

e Attics with limited vertical height that do not allow the installation of the required
insulation R-value may install a lower R-value that maximizes the depth while still
meeting code requirements including required air gaps.

5.1.1.2 Attic Insulation for Additions

This submeasure increases the prescriptive insulation requirement for attics in additions
less than or equal to 700 square feet. This change aligns with the requirements for
additions greater than 700 square foot as well as with those for new construction in
Table 150.1-A and B, Option B, except there is no requirement for roof deck insulation.
Table 124 describes the existing and proposed requirements for this submeasure by

climate zone.
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Table 124: Summary of Existing and Proposed Attic Insulation Requirements for
Additions Less Than or Equal to 700 Square Feet

Climate Zones  Existing  Proposed

3, 5-7 R-30 R-30
2,4,8-10 R-30 R-38
1,11-16 R-38 R-38

5.1.2 Measure History

Most single family buildings in California have vented attics. The 2009 Residential
Appliance Saturation Study (California Energy Commission 2009) estimates that 82
percent of single family homes and 41 percent of multifamily homes have insulated
attics. On a hot day, a typical vented attic is hotter than outside and if poorly ventilated
the temperature difference between the attic and outdoors can be as high as 45°F
(Less, Walker and Levinson 2016). Heat loss or gain through the ceiling is a significant
portion of total loss or gains in homes with little or no insulation in the attic. Compared to
other envelope assemblies in an existing home, such as walls, attics are a relatively
accessible area.

When a new duct system is installed in an attic the work is disruptive of any existing
attic insulation. At a minimum, existing insulation must be moved to access certain
areas and later replaced. Worst case the attic insulation is disturbed and not fixed
resulting in uneven insulation levels across the attic. If new registers are added as part
of the scope of work new penetrations in the ceiling plane may be made that need to be
properly air sealed. Duct replacement work is completed entirely in the attic
representing an ideal time to address the attic as a system, including air sealing the
ceiling plane and adding attic insulation.

Increasing insulation levels in vented attics represents a significant savings opportunity
and is why the Statewide CASE Team is pursuing this submeasure.

Attic insulation is either batt, loose fill (blown-in), or spray foam and can be made of
various materials. Most new or retrofit attics use blown-in fiberglass or cellulose
insulation. Blown-in insulation is a loose fill product installed using a blowing machine
with a large attached hose. While both blown-in and batt insulation have similar
properties, it is much easier to achieve a consistent installation with loose fill since the
particles more easily fill in small gaps and hard to reach areas. R-value ratings per inch
vary somewhat by product type and across manufacturers. Manufacturers provide
coverage charts which specify how many bags of insulation are needed to cover a
certain square foot based on the ceiling framing spacing and depth. The charts account
for settling of the insulation due to compression under its own weight.

There have never been low-rise residential prescriptive requirements for altered ceilings
and attic insulation. This code change proposal adds a new requirement.
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There are existing prescriptive requirements for attic insulation for additions in low-rise
residential buildings. The current low-rise residential requirements for attic insulation in
additions less than or equal to 700 square feet align with new construction standards,
Standards Table 150.1-A/B Option C. However, Option C also requires ducts in
conditioned space and therefore the ceiling insulation levels are lower than Option B.

5.1.3 Summary of Proposed Changes to Code Documents

The sections below summarize how the standards, Reference Appendices, ACM
Reference Manuals, and compliance documents would be modified by the proposed
change. See Section 5.62.5.5.1 of this report for detailed proposed revisions to code
language.

5.1.3.1 Summary of Changes to the Standards

This proposal would modify the following sections of the California Energy Code as
shown below. See Section 5.6.2 of this report for marked-up code language.

SECTION 110.8 —- MANDATORY REQUIREMENTS FOR INSULATION, ROOFING
PRODUCTS AND RADIANT BARRIERS

Section 110.8(d)1: Revise the reference for the R-value requirement for existing attics
from Section 150.0 to 150.2.

SECTION 150.2 - ENERGY EFFICIENCY STANDARDS FOR ADDITIONS AND
ALTERATIONS TO EXISTING LOW-RISE RESIDENTIAL BUILDINGS

Section 150.2(a)1Bi: Revise the climate zones where R-38 attic insulation is required.

Section 150.2(b)1A: Create a new section called Ceiling Insulation that defines the new
prescriptive requirements for altered ceilings.

Section 150.2(b)1Diia: Add language to clarify when attic requirements shall be met
when replacing duct system located in a vented attic.

5.1.3.2 Summary of Changes to the Reference Appendices
The proposed code change would not modify the Reference Appendices.

5.1.3.3 Summary of Changes to the Residential ACM Reference Manual

This proposal would modify the following sections of the Residential ACM Reference
Manual as shown below. See Section 5.6.4 of this report for the detailed proposed
revisions to the text of the ACM Reference Manual.

SECTION 2.10 Additions/Alterations

Section 2.10.4.3 Roof/Ceilings: Update Table 26 to reflect a change to the basis of the
Standard Design for ceilings below attics for alterations and additions less than or equal
to 700 square feet.
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5.1.3.4 Summary of Changes to the Residential Compliance Manual

The proposed code change would modify the following section of the Residential
Compliance Manual:

e Section 9.2 What’s New in the 2019 Energy Standards
e Section 9.4.4 Envelope Alterations
See Section 5.6.5 of this report for further details.

5.1.3.5 Summary of Changes to Compliance Documents

The proposed code change would modify the compliance documents listed below.
Examples of the revised documents are presented in Section 5.6.6.

e CF1R-ALT-05-E —Revise subsection A to add a separate Project Scope for attic
insulation. Create a new subsection for attic insulation that includes all the
columns in current subsection B. Building Insulation Details and adds inputs
relative to the air sealing, recessed can, and attic ventilation inputs. Add
selections for the allowable exceptions and relevant details.

e CF1R-ALT-02-E would be revised to add a box in Subsection E where the
documentation author indicates the location of the entirely new or complete
replacement duct system.

e CF2R-ENV-03 — Revise subsection A of the form to include inputs for number of
recessed cans retrofit and associated details for the prescriptive air sealing
requirements. Revise subsection J to indicate that air sealing must be completed
per Section 110.7.

e CF2R-ALT-05-E — Revise subsection B of the form to include inputs for number
of recessed cans retrofit and associated details for the prescriptive air sealing
requirements. Add a subsection similar to subsection J of the CF2R-ENV-03
which lists the applicable requirement for attic insulation installations and add
language to indicate air sealing must be completed per Section 110.7.

5.1.4 Regulatory Context

5.1.4.1 Existing Requirements in the California Energy Code

Currently, the only requirement for an altered ceiling below a vented attic is that the
mandatory requirements for R-19 ceiling insulation in Section 150.0 of the low-rise
residential code be met. There are no relevant existing prescriptive requirements.

The current low-rise residential requirements for attic insulation in additions less than or
equal to 700 square feet require R-30 in Climate Zones 2 through 10 and R-38 in
Climate Zones 1 and 11 through 16. This aligns with the new construction standards
Table 150.1-A Option C and Table 150.2-B Option C for ceiling insulation.
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5.1.4.2 Relationship to Requirements in Other Parts of the California Building
Code

Section R806.2 of the 2019 California Residential Code, Title 24, Part 2.5 defines the
requirements for minimum attic ventilation. The minimum net free ventilation area for a
vented attic shall be 1/150 of the total area of the vented attic. This is allowed to be
reduced to 1/300 if two conditions are met: 1) between 40 and 50 percent of the
ventilation area is provided by vents located in the upper portion of the attic or rafter
space, with the remainder in the bottom one-third of the attic space, and 2) a vapor
retarder is installed at the ceiling level in Climate Zones 14 and 16.

Section R806.3 of the 2019 California Residential Code, Title 24, Part 2.5 describes
insulation clearances and requires that blocking, bridging and insulation shall not block
the free flow of air where eave or cornice vents are installed. A minimum one inch air
space must be provided between the insulation and the roof sheathing and at vents.

5.1.4.3 Relationship to Local, State, or Federal Laws
There are no relevant local, state, or federal laws.

5.1.4.4 Relationship to Industry Standards

The 2018 IECC (International Code Council 2019) requires that altered ceilings and
additions meet new construction standards, which requires R-38 in most areas of
California based on the IECC climate zones. R-49 is required is some areas of the
mountains and the northern coast.

5.1.5 Compliance and Enforcement

When developing this proposal, the Statewide CASE Team considered methods to
streamline the compliance and enforcement process and how negative impacts on
market actors who are involved in the process could be mitigated or reduced. This
section describes how to comply with the proposed code change. It also describes the
compliance verification process. Appendix F presents how the proposed changes could
impact various market actors.

The activities that need to occur during each phase of the project are described below:

e Design Phase: An altered ceiling would be triggered either as part of a complete
duct system replacement or when work is conducted in the attic as part of a
larger remodel. In the former case, the HVAC contractor typically coordinates the
project and would advise the building owner of the associated code
requirements. In some cases, HVAC contractors hold a general contractors
license and offer a broader set of home performance services such as air sealing
and insulation. In many instances the HVAC contractor would not have
experience or license to perform the air sealing and insulation work and either
the HVAC contractor, general contractor, or the building owner would need to
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engage an insulation contractor to perform the air sealing and attic insulation
work. An energy consultant is often not engaged in these projects, and the HVAC
contractor would complete the Certificates of Compliance.

In the case of a large remodel or an addition the primary designer is often either
an architect, designer, or general contractor and the project team includes
various contractors including an insulation contractor who would perform the air
sealing and attic insulation work. The designer corresponds directly with the
building owner on the design, recommends levels of insulation, and needs to be
aware of Title 24, Part 6 requirements related to the project. It is more likely that
an energy consultant may be engaged on this type of project to complete the
Certificates of Compliance. If not, the designer or general contractor would be
responsible.

e Permit Application Phase: The HVAC contractor, architect or general
contractor submits the project for permit including the necessary Certificate of
Compliance documents. The air sealing component of the proposed submeasure
triggers HERS testing; if the duct system is being replaced, HERS testing is also
required for mechanical system verifications. If the project is applying for one of
the existing insulation R-value exceptions, this also triggers HERS verification of
existing conditions and documentation of this must be provided at time of permit
application.

e Construction Phase: The HVAC contractor or general contractor manages the
project construction. In the case of a duct system replacement if the HVAC
contractor is unable to perform the air sealing and attic insulation work then an
insulation contractor is engaged.

¢ Inspection Phase: The installing contractor would complete the Certificate of
Installation and a building inspector conducts a final inspection. A HERS rater
would conduct verification of the air sealing requirement and any required HVAC
testing and submit Certificates of Verification to a HERS Registry.
For alterations where the new requirement is triggered by a duct system replacement,
the compliance process described above differs from the existing compliance process
and represents a substantial change to the workflow to which contractors are
accustomed. In many cases, new trades would need to be engaged to meet the new
code requirements.

The installing contractor needs to ensure that the connection between the vented attic
and conditioned space is properly air sealed (per Section 110.7 of the Standards and air
sealing requirements in Reference Appendix RA3.5 for altered ceilings), in addition to
meeting the minimum attic insulation requirements. They would indicate this has been
completed on the Certificate of Installation and a HERS Rater would visually verify the
air sealing work with a Certificate of Verification, before insulation is installed. On
projects where the duct system is being replaced, the HERS Rater can likely conduct
the air sealing, duct leakage testing, and any other required mechanical inspections
during the same site visit. This would need to be done before the attic insulation is
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installed, which is recommended for the duct leakage test so that corrections can be
easily made before the insulation is installed, if the system initially fails the duct leakage
test. After insulation is installed, the inspector would then verify that the Certificate of
Installation and Certificate of Verification are completed adequately, as well as that the
attic insulation depth meets the requirements, that attic ventilation meets CBC
requirements, and that clearance for attic vents is properly addressed. A HERS Rater
inspection is not required to verify final attic insulation depth. If the home has recessed
cans the inspector can verify that insulation is installed to full depth above the fixtures
and the fixtures have been property retrofitted or covered.

If a project claims one of the existing insulation R-value exceptions, a HERS Rater
would need to go on site and verify that the existing insulation meets the requirements
of the exception. This involves measuring the depth of the existing insulation and
confirming that it meets the minimum R-19 or R-38, depending on the exception and
climate zone.

It is possible that the added requirements may result in projects being completed
without applying for a permit. This code change should be accompanied by education
and outreach programs targeted at contractors, building departments, and building
owners. Utility incentive programs throughout the 2019 Title 24, Part 6 code cycle, and
perhaps into the 2022 code cycle as well, can encourage early adopters and support a
market transformation for insulating and air sealing existing attics. Local reach codes
also can play a similar role.

There is a trend towards HVAC contractors offering whole building services including
attic insulation and air sealing. This requires that the contractor hold other trade licenses
such as a general contractor or insulating contractor license. HVAC contractors that
don’t have other licenses may be interested in offering the additional services required
as part of this submeasure proposal, and the skills that are necessary to perform quality
work align well with their existing work scope. Sealing leaks in ductwork and leaks in the
attic ceiling plan require similar approaches. Additionally, in the course of replacing
HVAC ductwork the contractor would be accessing most areas of the ceiling and
providing potential efficiencies to be gained with one contractor performing both scopes
of work. Other benefits to addressing air sealing and ceiling insulation when HVAC
systems and ductwork are being replaced is the ability to downsize equipment by
reducing heating and cooling loads.

For HVAC contractors to be able to conduct attic insulation and air sealing work under a
mechanical contractor’s license there needs to be a determination made by the
Contractors State License Board that this type of work is allowable and incidental to the
other work they typically conduct in attics. The Statewide CASE Team recommends that
the feasibility of this be investigated further as a way to support HVAC contractors and
ensure broad compliance with this proposed submeasure.
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5.2 Market Analysis

5.2.1 Market Structure

The Statewide CASE Team performed a market analysis with the goals of identifying
current technology availability, current product availability, and market trends. It then
considered how the proposed standard may impact the market in general as well as
individual market actors. Information was gathered about the incremental cost of
complying with the proposed measure. Estimates of market size and measure
applicability were identified through research and outreach with stakeholders including
utility program staff, Energy Commission staff, and a wide range of industry actors. In
addition to conducting personalized outreach, the Statewide CASE Team discussed the
current market structure and potential market barriers during public stakeholder
meetings that the Statewide CASE Team held on November 12, 2019 ( (Statewide
CASE Team 2019a), (Statewide CASE Team 2019b), (Statewide CASE Team 2019c))
and March 5, 2020 ( (Statewide CASE Team 2020a), (Statewide CASE Team 2020b),
(Statewide CASE Team 2020c)).

Adding attic insulation in existing homes is seldom completed as a retrofit measure in
isolation, it is often done as part of a larger retrofit or triggered based on other project
scope. Sometimes it may be specified by an architect or energy consultant in order for a
project to meet Title 24, Part 6 compliance via the performance path. Attic insulation
and air sealing work is typically included in work done under home performance
programs and is work completed either by a general contractor or an insulation
contractor, though it can also be done by homeowner as part of a home improvement
work scope. There are many contractors familiar with this work statewide.

There are a variety of major manufacturers of attic insulation products. Greenfiber and
Insulmax are manufacturers of cellulose loose fill insulation. Owens Corning produces a
fiberglass blown-in system called AttiCat. CertainTeed, Johns Manville, and Knauf
Insulation are also major manufacturers of fiberglass loose fill insulation. There are
various other smaller manufacturers.

HVAC contractors, general contractors, insulation contractors, and building owners are
the primary market actors involved with implementing these code change proposals.
Other market actors include architects, energy consultants, plans examiners, building
inspectors, and manufacturers.

5.2.2 Technical Feasibility, Market Availability, and Current Practices

5.2.2.1 Attic Insulation for Alterations

There are over 13 million existing residential dwelling unit in California (see Appendix
A). According to the 2009 Residential Appliance Saturation Study (California Energy
Commission 2009) 81 percent of single family existing buildings have insulated attics.
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Of those, 82 percent have less than R-19 insulation 21 percent have R-11 insulation or
less.

Data from CalCERTS shows that 73 percent of new or altered ceilings in prescriptive
alteration and performance alteration/addition projects installed R-30 insulation or less
(CalCERTS 2020). The data covers both the 2013 and 2016 code cycles. Only 1
percent of projects installed only R-19 and only 2 percent of project installed greater
than R-38.

Data from CalCERTS shows that 21 percent of prescriptive HVAC alteration projects
(ALT-02) included a new or replacement duct system (CalCERTS 2020).

The Statewide CASE Team conducted a stakeholder outreach to architects, general
contractors, and other industry representatives. Various stakeholders provided feedback
that when attic insulation is added it is critical to address other aspects of the attic
principally air sealing and duct sealing. If an attic is insulated without first air sealing the
ceiling assembly, the opportunity is lost, and sealing can only be performed in the future
if the insulation is removed. Air infiltration across the ceiling also reduces the
effectiveness of attic insulation.

When present, recessed cans are often a significant contributor to total leakage through
the ceiling plane. Old recessed cans are not airtight, and the perimeter may present a
path for conditioned air into the attic. If they are not IC rated and insulation is added to
the attic floor, dams must be built around each light to keep the insulation away. This
degrades the overall performance of the attic and is not allowed in new homes.

Old recessed fixtures that are not IC rated can be retrofitted by replacing the entire
assembly with fixtures that are rated to be Insulation Contact and Airtight (IC and AT).
Housing units designed for retrofit applications, installed in place of the existing fixture in
the attic, are coupled with LED retrofit trim kits, installed at the ceiling. Some older
existing fixtures do not have thermal switches, which disconnect the electricity to the
light if the temperature exceeds unsafe levels. If a thermal switch is present, a fire-rated
attic recessed light cover can be installed. These covers are domes or boxes that are
installed over the existing fixture and sealed around the perimeter to the ceiling floor.
They are fire rated and insulation can be installed around and over the cover. An
example product is the TENMAT?® and Insullite?® covers. There are similar products that
dam the can but do not allow for insulation to cover the area. If the existing fixture is IC
rated but not airtight, an LED retrofit trim kit only needs to be installed.

Other areas of an attic that present sources of air leakage include the following.

28 Pleas see https://www.recessedlightcover.com/ for example product.

29 Please see https://www.isibp.com/products/insullite-recessed-light-covers/ for example product.
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e Soffits, dropped ceilings, and chases

e Gaps around chimneys and combustion venting
e Along the top plate

e Electric and plumbing penetrations

e Ceiling mounted duct boots

e Ceiling mounted exhaust fans

e Attic hatches

e Kneewalls

Addressing air leaks in an existing attic requires that any existing insulation be removed
or temporarily moved around the attic. Most air sealing can be done with caulking or
foam. If larger holes exist, such as at soffits or dropped ceilings, an air barrier needs to
be installed if one does not already exist and the perimeter must be secured and fully
sealed.

5.2.2.2 Attic Insulation for Additions

Data from CalCERTS shows that 38 percent of addition only projects installed R-30
insulation or less. (CalCERTS 2020). The data covers both the 2013 and 2016 code
cycles. 57 percent of projects installed between R-30 and R-38 insulation. See Table
125 for a breakdown by climate zone group.

Table 125: Summary of Insulation Levels in Addition Only Performance Projects
from 2013 and 2016 Code C