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Executive Summary

The Codes and Standards Enhancement (CASE) Initiative presents recommendations
to support the California Energy Commission’s (the CEC’s) efforts to update the
California Energy Code (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 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 CEC, the state
agency that has authority to adopt revisions to Title 24, Part 6. The CEC would evaluate
proposals submitted by the Statewide CASE Team and other stakeholders. The CEC
may revise or reject proposals. See the CEC’s 2025 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/2025-building-energy-efficiency.

The Statewide CASE Team gathered input from stakeholders to inform the proposal
and associated analyses and justifications. Stakeholders also provided input on the
code compliance and enforcement process. See Appendix F for a summary of
stakeholder engagement.

The goal of this CASE Report is to present a cost-effective code change proposal for
California Plumbing Code (CPC) Appendix M pipe sizing, pipe insulation enhancement,
require balancing valves, require master mixing valves, central heat pump water heater
(HPWH) clean-up, individual HPWH ventilation, individual DHW electric ready clean-up,
and central DHW electric ready. The report contains pertinent information supporting
the code changes.
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CPC Appendix M Pipe Sizing

Proposed Code Change

This proposal recommends using pipe sizing methodology based on CPC Appendix M
in lieu of the standard practice CPC Appendix A. Specifically, this measure would add a
prescriptive requirement in Section 170.2(d) for sizing water pipes according to CPC
Appendix M for central DHW systems in multifamily buildings. This measure would
apply only to newly constructed multifamily buildings. The proposal would require minor
updates to the compliance software. This measure would not add field verification or
acceptance tests. Sizing water pipes according to CPC Appendix M is currently a
compliance credit in California Building Energy Code Compliance (CBECC) 2022.

As a state agency with jurisdiction over multifamily buildings, the Department of Housing
and Community Development (HCD) proposed to adopt Uniform Plumbing Code (UPC)
Appendix M into the CPC as part of 2022 Intervening Code Cycle. The California
Building Standards Commission approved final adoption of UPC Appendix M on August
1, 2023. Next, UPC Appendix M will be published into CPC on January 1, 2024, and will
be available for statewide use on a voluntary basis on July 1, 2024.

Justification

Standard practice pipe sizing is based on CPC Appendix A. CPC Appendix A uses the
water supply fixture units approach and is based on estimated demand curve chart,
referred to as Hunter’s curve, to estimate maximum water demand in each piping
section and calculate pipe diameter for that section based on water velocity and
pressure drop. Appendix A sizing uses outdated fixture flows and conservative flow
diversity in pipes upstream of multiple fixtures. CPC Appendix M contains a
performance-based pipe sizing calculation procedure that accounts for California code-
required, low-flow fixtures, and it uses a large dataset of flow diversity in real buildings
to create a more accurate prediction of peak flow.

CPC Appendix M typically results in smaller diameter cold, reclaimed water and hot
water distribution piping, and heating plant piping than standard practice sizing. Smaller
diameter piping results in lower project first costs for piping, fittings, appurtenances and
pipe insulation, and reduced water and wastewater capacity charges in jurisdictions that
charge a fee based on mains meter size. During building operation, the pipe sizing
reductions in the hot water distribution system and at the heating plant reduces pipe
heat losses leading to lower energy use at the heating plant. The smaller pipe size
would reduce health risks and improve water quality due to shorter dwell times as well.
It would result in faster hot water delivery times in non-recirculated sections, leading to
water savings.
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Background Information

CPC Appendix M was added to the UPC in 2018 and includes an alternative pipe sizing
procedure. The CPC Appendix M addition was the first major water pipe sizing update
in 80 years. The CPC Appendix M sizing methodology is being widely circulated and
utilized among designers and is supported by IAPMO’s Water Demand Calculator
(WDC). The CPC Appendix M pipe sizing procedure is included in the 2021 UPC and in
Appendix C of the 2020 Water Efficiency and Sanitation Standard (WE-Stand).

Outside of California, the following jurisdictions have adopted UPC Appendix M into
their plumbing code: Hawaii, Nevada, New Mexico, North Dakota, Oregon, and the City
of Seattle and King County, Washington. Wisconsin has approved the WDC as an
alternative standard. In California, Appendix M can only be used in Foster City, City of
San Jose, City of Oakland, and County of Santa Cruz. These municipalities have
adopted Appendix M into their building regulations.

As a code change proposal, Appendix M originated within the Statewide CASE Team in
the 2022 Title 24, Part 6 update cycle, and it was added as a compliance credit in
CBECC 2022 because of Statewide CASE Team efforts. The 2022 Title 24, Part 6
Statewide CASE Team found that there is interest in using CPC Appendix M for design
calculations, but stakeholder conversations and designer interviews show there is
limited market adoption.

Scope of Code Change Proposal

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

Table 1: Scope of Code Change Proposal — Appendix M

Type of Requirement Prescriptive
Applicable Climate Zones All
Modified Section(s) of Title 24, Part 6 Section 170.2(d)

Modified Title 24, Part 6 Appendices
Would Compliance Software Be Modified Yes, 6.11 DHW

e 2022-LMCC-PLB-E: Domestic Water Heating
e 2022-NRCC-PLB-E: Domestic Water Heating
e 2022-LMCC-PRF-E: Domestic Water Heating

Modified Compliance Document(s) e 2022-NRCC-PRF-E: Domestic Water
Heating

e 2022-LMCI-PLB-E: Domestic Water Heating
e 2022-NRCI-PLB-E: Domestic Water Heating
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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, and market trends. The
Statewide CASE Team considered how the proposed standard may impact the market
in general as well as individual market actors. A city senior building inspector from a
municipality that allows CPC Appendix M sizing stated anecdotally that only two
multifamily projects out of all the projects submitted for plan review since municipal code
adoption in 2022 used CPC Appendix M sizing, suggesting a lack of awareness of the
municipal code change and familiarity of the methodology. Another inspector from
another municipality that permits CPC Appendix M stated that they have not seen any
Appendix M pipe sizing in the projects that they have inspected. These municipal codes
are only a few years old, and it is likely designers and developers are not aware of the
Appendix M option in these specific cities. In addition to conducting personalized
outreach, the Statewide CASE Team discussed the current market structure and
potential market barriers during a public stakeholder meeting that the Statewide CASE
Team held on February 17, 2023.

The Statewide CASE Team determined that CPC Appendix M Pipe Sizing is technically
feasible for adoption as a prescriptive measure based on literature review, field
monitored flowrate data, adoption into city municipal codes in California, adoption into
city and state plumbing codes outside California, interviews with designers, support
from a wide range of stakeholders, and other considerations.

This prescriptive measure is not feasible without updates to the CPC in the Appendix M
Matrix Adoption Table to show local jurisdiction adoption of CPC Appendix M as an
optional sizing method. HCD adoption in March 2023 was a major milestone on the path
to final adoption of UPC Appendix M by the California Building Standards Commission,
which was completed on August 1, 2023. This would allow builders to utilize the new
pipe sizing procedure as a voluntary option in the CPC.

Foster City, City of San Jose, City of Oakland, and County of Santa Cruz may have a
compliance process that can provide guidance for the CEC, state agencies, and other
jurisdictions on how to best implement this new pipe sizing option.

The Statewide CASE Team would expect a significant impact on the California
residential construction sector. Refer to Section 3.2.4 for details.
Cost-Effectiveness

The proposed code change was found to be cost effective for all climate zones where it
is proposed to be required. The benefit-to-cost (B/C) ratio over the 30-year period of
analysis is >1 for a heat pump water heater as well as a gas water heater for all climate
zones. See more details in Section 3.4.
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California consumers and businesses would save more money on energy than they
would spend to finance the efficiency measure from the start as this measure reduces
build costs. As a result, this proposal would leave more money available for
discretionary and investment purposes.

See Section 3.4 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 impacts of the proposed code change that would be
realized statewide during the first 12 months that proposed requirement are in effect.

First-year statewide energy impacts are represented by the following metrics: electricity
savings in gigawatt-hours per year (GWh/yr), peak electrical demand reduction in
megawatts (MW), natural gas savings in million therms per year (million therms/yr),
source energy savings in millions of kilo British thermal units per year (million kBtu/yr),
and Long-term Systemwide Cost (LSC) savings in millions of 2026 present value dollars
per year (million 2026 PV$/yr). See Section 3.5 for more details on the first-year
statewide impacts. Section 3.3.2 contains details on the per-unit energy savings.

Avoided GHG emissions are measured in metric tons of carbon dioxide equivalent (metric
tons CO2e). For this measure total avoided GHG emissions are 1,310 metric tons CO2e.
Assumptions used in developing the GHG savings are provided in Section 3.5.2. The
monetary value of avoided GHG emissions is included in the LSC hourly factors provided
by the CEC and is thus included in the cost-effectiveness analysis.

First-year statewide water savings are presented Section 3.5.3 along with the
associated embedded electricity savings. Table 52 of this report presents water savings
impacts. The methodology used to calculate embedded electricity in water is presented
in Appendix B.
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Table 2: Summary of Impacts for CPC Appendix M

Category

Cost-

Benefit-to-Cost Ratio Range (varies by climate zone and

New

Construction
& Additions

Effectiveness building type) e
First-Year Electricity Savings (GWh) 0.68
First-Year Peak Electrical Demand Reduction (MW) 0.08
First-Year Natural Gas Savings (Million Therms) 0.21
First-Year Source Energy Savings (Million kBtu) 19.9
§O-Year LSC Electric!ty Savings frpm Buildings Constructed 46
in First Year Code is in Effect (Million 2026 PV$)
SQ-Year LSC Ga's Savings fror'n'BuiIdings Constructed in 248

Statewide First Year Code is in Effect (Million 2026 PV$)

Impacts 3Q-Year Total LS_.C_Savings fro_m Buildings Constructed in 29 4
First Year Code is in Effect (Million 2026 PV$)
First-Year Avoided GHG Emissions (Metric Tons CO2e) 1,310
Monetary Value of Avoided GHG Emissions during First
year ($) 161,336
First-Year On-site Indoor Water Savings (Gallons) 9,296,024
First-Year On-site Outdoor Water Savings (Gallons) -
First-Year Embedded Electricity in Water Savings (kWh) 50,570
Annual Electricity Savings (kWh) 112
Annual Peak Electrical Demand Reduction (W) 13.3
Annual Natural Gas Savings (kBtu) 709

_ Annual Source Energy Savings (kBtu) 836

Z‘:";tﬁ’r""::g'c“tg 30-Year LSC Savings (2026 PVS) 1,603
Annual Avoided GHG Emissions (kg CO2e) 53.0
Annual On-site Indoor Water Savings (Gallons) 263
Annual On-site Outdoor Water Savings (Gallons) -
Annual Embedded Electricity in Water Savings (kWh) 1.43

Compliance and Enforcement

Overview of Compliance Process

The compliance process is described in Section 3.1.5. Impacts that the proposed

measure would have on market actors is described in Section 3.2. 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.
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The key issues related to compliance and enforcement are summarized below:

Design Phase: Plumbing designers would perform pipe sizing calculations and
design tasks based on CPC Appendix M method. This method is like the existing
Appendix A process, except the fixture unit calculation and use of Hunter’s curve
chart is substituted by the IAPMO WDC spreadsheet to calculate flow rate for
each section of pipe. The rest of the pipe sizing process to determine the number
of fixtures and size pipe diameter for each pipe section based on water velocity
and pressure drop remains unchanged.

Permit Application Phase: Plumbing designers would provide design
documentation. Designers would indicate on the compliance form which
plumbing plan sheets include the IAPMO calculations. Building department plan
inspector would need to understand and review Appendix M sizing reported in
the LMCC/NRCC compliance form.

Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure on
DIPs utilizing data from the CalEnviroScreen website indicating how DIPs may be
disproportionately affected, as well as studies showing how DIPs may be more
susceptible to health and quality of life impacts, including The Greenling Institute:
Equitable Building Electrification and other studies.

As a result of this measure, the Statewide CASE Team determined the DIPs would
benefit in the following ways:

The measure results in lower construction costs for new construction, which may
be passed on as lower rent or purchase price, which would positively impact low-
income households and residents in low-income census tracts.

The measure results in energy cost savings in all climate zones, which would
provide a higher benefit to people in low-income households and low-income
census tracts who spend a higher percentage of their income on energy than the
general population.

The measure results in improved hot water delivery performance, reducing
excess water use and risk of waterborne pathogens which would provide a
higher benefit to the people in low-income households and low-income census
tracts who spend a higher percentage of their income on utilities than the general
population and may have increased healthcare costs.

Full details addressing energy, equity, and environmental justice can be found in
Section 3.6 of this report.
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Pipe Insulation Enhancement

Proposal Description

Pipe insulation enhancement is a combination of two measures including field
verification and code language cleanup.

Proposed Code Change

The first component investigates the mandatory pipe insulation requirements contained
under Title 24, Part 6, Section 160.4 for possible cleanup. The second component is a
proposed mandatory requirement for field verification that would confirm installation of
code required pipe insulation and overall insulation installation quality.

This proposed mandatory measure would apply to newly constructed buildings only.
The measure would add field verification, but no acceptance tests. The proposal would
require minor updates to the compliance software.

Justification

The current multifamily mandatory pipe insulation code language does not include key
details of what type of DHW system piping shall be insulated or if appurtenances and
pipe support require proper insulation. Clear insulation language and continuous pipe
insulation requirements would streamline the field verification process.

Field verification of pipe insulation installation quality would ensure uniform building
industry installation practices and minimize pipe heat loss for the effective useful life of
the distribution system. The pipe insulation verification component stems from the poor
quality of existing insulation exhibited by the 2013 PIER Report “Multifamily Central
Domestic Hot Water Distribution Systems” (PIER 2013) and the 2022 Statewide CASE
Team data collection, including stakeholder feedback during the CASE process.

Background Information

The mandatory insulation code language for multifamily buildings was consolidated in
2022 Title 24, Part 6 Section 160.4 from Section 150.0 of the 2019 low-rise residential
code and Section 120.3 of the nonresidential/high-rise multifamily code. A significant
portion of the 120.3 general requirements for pipe insulation code language was
unintentionally omitted from 160.4 and is now limited to one sentence that reads,
“Piping for multifamily domestic hot water systems, shall be insulated to meet the
requirements of Table 160.4-A”.

In the 2019 Title 24, Part 6, Section 120.3, the code language was expanded to include
an expanded section on HVAC pipe insulation that included “Fluid distribution systems,
insulating elements that are in series with the fluid flow, such as pipes, pumps, valves,
strainers...”. The Statewide CASE Team uses the term “appurtenances” to describe
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these pipe components for DHW systems for this proposal. In the 2016 code update
cycle, language was added to Section 12

0.3 for DHW insulation that included requirements for insulating the recirculation system
piping, the first eight feet of hot and cold outlet piping and externally heated pipes, but
there was no mention of insulating DHW system appurtenances.

American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE)
90.1 contains pipe insulation language in Section 7.4.3 for DHW systems and Section
6.4.4.1.3 for HVAC systems. Section 7.4.3 includes the same DHW insulation language
as 120.3 and additionally includes language that the first eight feet of branch piping
connected to piping that carries recirculated water shall be insulated. Section 6.4.4.1.3
adds that “all piping associated with HVAC systems must be thermally insulated for heat
and hot-water systems and for cooling, brine and refrigerant systems.” In the exceptions
section it states that insulation is not regulated in the following cases that includes:
“Strainers, control valves, and balancing valves in piping less than or equal to one inch
in size. This allows for easy access to these devices.” This implies that “all piping” larger
than 1”7 diameter, including some appurtenances such as strainers, control valves and
balancing valves in series, must be thermally insulated for space conditioning systems.

Section 7.4.3 does not have a similar requirement for DHW systems. Thus, for
multifamily buildings, the existing 2022 Section 160.4 pipe insulation code language
leaves a lot for interpretation, making it difficult for designers to give consistent direction
to contractors and for inspectors to understand what to verify.

Scope of Code Change Proposal

Table 3 summarizes the scope of the proposed changes and which sections of
standards, Reference Appendices, Alternative Calculation Manual (ACM) Reference
Manuals, and compliance documents that would be modified as a result of the proposed
change(s). The proposed change would require enhanced insulation installation to
include appurtenances and piping specialties such as valves and hangers. This would
reduce further heat loss from the DHW piping system.

Table 3: Scope of Code Change Proposal — Pipe Insulation Enhancement

Type of Requirement Mandatory
Applicable Climate Zones All

Modified Section(s) of Title 24, Part 6 Section 160.4(f)
Modified Title 24, Part 6 Appendices RA2.2, RA3.6.10

Would Compliance Software Be Yes, software would need to be modified to
Modified capture energy savings of enhanced insulation.
e 2022-LMCC-PLB-E: Domestic Water Heating

Modified Compliance D :
odified Compliance Document(s) e 2022-NRCC-PLB-E: Domestic Water Heating
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2022-LMCI-PLB-E: Domestic Water Heating
2022-NRCI-PLB-E: Domestic Water Heating
2022-LMCV-PLB-21-HERS
2022-NRCV-PLB-21-HERS

Market Analysis and Regulatory Assessment

The 2025 Statewide CASE Team performed a market analysis by reviewing 40 building
plans and conducting literature review with the goals of identifying current product
availability, and market trends. The market analysis found that pipe insulation, insulation
fabrication, and pipe support products are widely available for designers to specify and
for contractors to procure, and many options are available for contractors to meet the
pipe insulation code requirements through purchasing prefabricated products or
fabricating materials onsite. The proposed code change would have a small impact on
the building industry in general to incorporate comprehensive pipe insulation code
requirements but delivers significant additional energy savings over the life of the
building. Based on reviewed plans, designers are specifying piping insulation to varying
degrees above code requirements for most buildings.

Pipe insulation currently covers all supply and return pipes, and fittings in Title 24, Part
6, Section 160.4. The existing code lacks language for some specific sections of the
piping system. As an example, there is no specific language mentioning the requirement
for adding continuous pipe insulation to cover the heating plant, appurtenances, pipe
supports, and branch piping leading from the loop. This measure would require
increased attention to detail by pipe insulation contractors to ensure that insulation is
complete and well installed.

Current pipe insulation design specifications and drawings are available and
comprehensive on a few plans and limited on many building plans reviewed. This
general lack of pipe insulation specification is likely a result of unclear pipe insulation
code language in current and prior versions of the energy code. Part of the solution is
the explicit code language proposed, which the designer can supplement with detailed
drawings and instructions. Training could be provided to the design community on new
code requirements and best practice plumbing design materials to ensure
comprehensive information is passed on to the contractor.

The Statewide CASE Team believes that the addition of explicit mandatory pipe
insulation language that requires continuous pipe insulation would make it easier to
complete field verification of pipe insulation installation, since the insulation
requirements are clear and consistent, and all the heating plant and hot water
distribution piping would be insulated with no gaps for easy visual inspection. This
proposed pipe verification component requires a window of time where pipe insulation is
exposed before drywall installation. If phasing is an issue, general contractors would
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need to coordinate subcontractor schedules to allow for pipe insulation verification by a
HERS Rater. Refer to Section 4.2.4 for details.

Cost-Effectiveness

The proposed code change was found to be cost effective for all climate zones where it
is proposed to be required. The benefit-to-cost (B/C) ratio over the 30-year period of
analysis is >1 for a heat pump water heater as well as a gas water heater for all climate
zones. See more details in Section 4.4.

California consumers and businesses would save more money on energy than they
would spend to finance the efficiency measure. As a result, over time this proposal
would leave more money available for discretionary and investment purposes once the
initial cost is paid off.

See Section 4.4 for the methodology, assumptions, and results of the cost-effectiveness
analysis.

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

Table 4 presents the estimated impacts of the proposed code change that would be
realized statewide during the first 12 months that proposed requirement are in effect.

First-year statewide energy impacts are represented by the following metrics: electricity
savings in gigawatt-hours per year (GWh/yr), peak electrical demand reduction in
megawatts (MW), natural gas savings in million therms per year (million therms/yr),
source energy savings in millions of kilo British thermal units per year (million kBtu/yr),
and Long-term Systemwide Cost (LSC) savings in millions of 2026 present value dollars
per year (million 2026 PV$/yr). See Section 4.5 for more details on the first-year
statewide impacts. Section 4.3.2 contains details on the per-unit energy savings.

Avoided GHG emissions are measured in metric tons of carbon dioxide equivalent (metric
tons CO2e). For this measure total avoided GHG emissions are 2,637 metric tons CO2e.
Assumptions used in developing the GHG savings are provided in Section 4.5.2. The
monetary value of avoided GHG emissions is included in the LSC hourly factors provided
by the CEC and is thus included in the cost-effectiveness analysis.
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Table 4: Summary of Impacts for Pipe Insulation Enhancement

New
Category Construction
& Additions
Cost- Benefit-to-Cost Ratio Range (varies by climate zone and 39
Effectiveness | building type)
First-Year Electricity Savings (GWh) 1.1
First-Year Peak Electrical Demand Reduction (MW) 0.12
First-Year Natural Gas Savings (Million Therms) 0.42
First-Year Source Energy Savings (Million kBtu) 40
30-Year LSC Electricity Savings from Buildings Constructed in 71
First Year Code is in Effect (Million 2026 PV$) ’
. 30-Year LSC Natural Gas Savings from Buildings Constructed 505
ﬁ;aptae:‘:'sde in First Year Code is in Effect (Million 2026 PV$) '
30-Year Total LSC Savings from Buildings Constructed in First 576
Year Code is in Effect (Million 2026 PV$) '
First-Year Avoided GHG Emissions (Metric Tons CO2e) 2,637
Monetary Value of Avoided GHG Emissions during First Year ($) 324,700
First-Year On-site Indoor Water Savings (Gallons) -
First-Year On-site Outdoor Water Savings (Gallons) -
First-Year Embedded Electricity in Water Savings (kWh) -
Annual Electricity Savings (kWh) 174
Annual Peak Electrical Demand Reduction (W) 20.7
Annual Natural Gas Savings (kBtu) 1,443
Annual Source Energy Savings (kBtu) 1,606
Per Dwelling .
Unit Impacts 30-Year LSC Savings (2026 PV$) 2,899
Annual Avoided GHG Emissions (kg CO2e) 103

Annual On-site Indoor Water Savings (Gallons) -
Annual On-site Outdoor Water Savings (Gallons) -
Annual Embedded Electricity in Water Savings (kWh) -

Compliance and Enforcement

Overview of Compliance Process

The compliance process is described in Section 4.1.5. Impacts that the proposed
measure would have on market actors is described in 4.2. 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 key issues related to compliance and enforcement are summarized below:
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e Design Phase: Designers currently reference Title 24, Part 6 pipe insulation
requirements and insulation thickness table. A minority of designers identify
comprehensive pipe insulation requirements including insulation material and
pipe support specifications, custom pipe insulation requirements for sections not
explicitly covered by code, and supplemental drawings and tables. Designers
need to complete the LMCC-PLB-01-E or NRCC-PLB-01-E compliance
documents, which now would include an expanded pipe insulation section.

e Permit Application Phase: Energy consultants make the desired pipe insulation
verification selection (Y/N) in the compliance software for the project when using
the performance approach, and the information is submitted as part of the permit
application package.

e Construction Phase: The contractor would follow permitted building plans and
assemble and fabricate pipe insulation as specified. The requirements relating to
appurtenances and pipe supports and quality installation practices are significant
and would require additional procurement, coordination, and installation time and
may require staff training. Contractors would populate and sign the LMCI-PLB-
01-E or NRCI-PLB-01-E forms marking off the completion of the mandatory pipe
insulation requirements.

¢ Inspection Phase: HERS Rater would need to coordinate and schedule
verification visits with contractors or general contractors to ensure mandatory
pipe insulation requirements are followed during construction. HERS Rater would
populate the LMCV/NRCYV form, and after the verification visits, both the HERS
Rater and contractors would provide signatures for the compliance form.

Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure on
DIPs utilizing data from the CalEnviroScreen website indicating how DIPs may be
disproportionately affected, as well as studies showing how DIPs may be more
susceptible to health and quality of life impacts, including The Greenling Institute:
Equitable Building Electrification and other studies.

As a result of this measure, the Statewide CASE Team determined the DIPs would
benefit in the following ways:

Higher Upfront Costs

The measure results in marginally higher upfront costs for new construction in most
cases, which would most likely not be passed on as higher rent or purchase price, and
they would not impact low-income households and residents in low-income census
tracts.
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Reduction in Energy Costs

The measure results in energy cost savings in all climate zones, which would provide a
higher benefit to people in low-income households and low-income census tracts who
spend a higher percentage of their income on energy than the general population.

Improved Hot Water Delivery Performance

The measure results in improved hot water delivery performance and reduced noise,
which would provide a higher benefit to the people in low-income households and low-
income census tracts who spend a higher percentage of their income on utilities than
the general population and may have increased healthcare costs.

Job Creation
This measure would create more installation jobs for pipe insulation contractors.

Full details addressing energy, equity, and environmental justice can be found in
Section 4.6 of this report.

Thermostatic Balancing Valves

Proposal Description

The proposal would add a new compliance option for smaller recirculation systems
serving multi-riser central DHW systems in multifamily buildings. For additions and
alterations projects the same criteria apply. The project would be applicable for the
compliance credit if the design team works to meet the criteria and document that the
criteria is met.

Proposed Code Change

To receive the compliance credit the project must include:

1. More than one DHW supply riser

2. Each DHW supply riser shall have an accessible thermostatic balancing valve
(TBV)

a. Located after the last supply branch from the supply riser, in the direction
of flow.

b. Set to a maximum temperature of 120 °F.

3. Variable speed hot water return circulating pumps specified to operate with
differential pressure control.

4. For systems with one return pipe loop, hot water return piping that does not
exceed 225 feet developed length.
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5. For systems with multiple recirculation return pipe loops, no return pipe may
exceed 225 feet developed length.

The compliance option would apply for new construction, and to additions and
alterations. For additions and alterations, the compliance option would be most feasible
when the scope of work includes:

1. Replacement of the existing water heater
2. Addition of new plumbing fixtures that require hot water.

Justification

This proposal would save energy while reducing first costs and installation time as
described in Section 5.4.3, improving delivery performance of the hot water distribution
system, and reducing callbacks. The proposal would also benefit water heater equipment
efficiency due to lower return temperatures, although this energy benefit was not
quantified for this report.

Several of the stakeholders the Statewide CASE Team interviewed switched to
specifying or installing TBVs within the last five years. However, the Statewide CASE
Team heard from one stakeholder that manual balancing valves are still common
practice in new buildings and that many existing buildings do not have any balancing
valves.

From the plans review the Statewide CASE Team performed, it found that engineers do
not typically calculate the flow rate that is required to maintain a target minimum
temperature in the hot water recirculation system, but rather specify an overly
conservative rule of thumb flow rate through each riser or fail to specify any flow rate.
This results in recirculation system temperatures that are higher than necessary, and
energy savings when TBVs are installed as opposed to manual balancing valves.

Background Information

This proposal adds a new compliance option to improve on current industry practice
related to balancing of multi-riser systems and would increase adoption of TBVs in
these systems. This proposal was previously investigated by the 2022 Statewide CASE
Team, and it was not pursued because there were minimal energy savings due to the
existing prescriptive circulation pump control (demand control) requirements.

In October 2020, the Statewide CASE Team learned that the 2022 standard design in
the compliance modeling software was updated in early 2020 to assume no demand
control. Due to the change to the standard design, the 2025 Statewide CASE Team
worked with the CEC to establish an appropriate baseline of no demand control and
enable the calculation of energy savings for this measure.
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Scope of Code Change Proposal

Table 5 summarizes the scope of the proposed changes and which sections of standards,
Reference Appendices, Alternative Calculation Manual (ACM) Reference Manuals, and
compliance documents that would be modified as a result of the proposed change(s).

Table 5: Scope of Code Change Proposal — Require Balance Valves

Type of Requirement Compliance credit option
Applicable Climate Zones All
Modified Section(s) of Title 24, Section 170.1
Part 6
Modified Title 24, Part 6 RA4.4.3
Appendices ACM Appendix E
Yes
Would Compliance Software Currently there is no requirement to provide ABV in DHW
Be Modified piping system. Software would need to be updated to

reflect energy savings achieved by installation of ABV

o 2022-LMCC-PRF-01-E: Domestic Water Heating
Modified Compliance e 2022-NRCC-PRF-E: Domestic Water Heating
Document(s) e 2022-LMCI-PLB-E: Domestic Water Heating

e 2022-NRCI-PLB-E: Domestic Water Heating

Market Analysis and Regulatory Assessment

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. The Statewide CASE Team interviewed three designers, one
design consultant, one plumbing contractor, and one general contractor to understand
the current market. The Statewide CASE Team also reviewed 16 plans from real world
projects.

The Statewide CASE Team determined that TBV and variable speed pumps are
currently available on the market. For instance, TBV were specified in 4 of 16 plans
reviewed, and 3 of 7 stakeholders interviewed use thermal balancing valves in some of
their projects. Furthermore, the Statewide CASE Team found products from at least 5
manufacturers of TBV that are available within the state. Variable speed pumps were
specified in 7 of 16 plans reviewed.

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 as well as indirectly as residents spend all or some of the money saved through
lower utility bills on other economic activities. Refer to Section 4.2.4 for details.
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This proposal is not relevant to other parts of the California Building Standards Code
(https://www.dgs.ca.gov/BSC/Codes). Changes outside of Title 24, Part 6 are not
needed. There are no relevant state or local laws or regulations, and there is no conflict
with the current CPC. There are no other code change proposals under consideration
for the 2025 code cycle that overlap with this proposal.

Cost-Effectiveness

The proposed code change was found to be cost effective for all climate zones where it
is proposed. The benefit-to-cost (B/C) ratio over the 30-year period of analysis is >1 for
a heat pump water heater as well as a gas water heater for all climate zones. See more
details in Section 5.4.

California consumers and businesses would save more money on energy than they
would spend to finance the efficiency measure. As a result, over time this proposal
would leave more money available for discretionary and investment purposes once the
initial cost is paid off.

See Section 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 6 present the estimated impacts of the proposed code change that would be
realized statewide during the first 12 months that proposed requirement are in effect.

First-year statewide energy impacts are represented by the following metrics: electricity
savings in gigawatt-hours per year (GWh/yr), peak electrical demand reduction in
megawatts (MW), natural gas savings in million therms per year (million therms/yr),
source energy savings in millions of kilo British thermal units per year (million kBtu/yr),
and LSC savings in millions of 2026 present value dollars per year (million 2026
PV$/yr). See Section 5.5 for more details on the first-year statewide impacts. Section
5.3.2 contains details on the per-unit energy savings.

Avoided GHG emissions are measured in metric tons of carbon dioxide equivalent
(metric tons CO2e). For this measure total avoided GHG emissions are 75 metric tons
CO2e. Assumptions used in developing the GHG savings are provided in Section 5.5.2.
The monetary value of avoided GHG emissions is included in the LSC hourly factors
provided by the CEC and is thus included in the cost-effectiveness analysis.
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Table 6: Summary of Impacts for Thermostatic Balancing Valves

Category

New

Construction

& Additions

Alterations

Cost-

Effectiveness

Statewide
Impacts

Per Dwelling
Unit Impacts

Benefit-to-Cost Ratio Range (varies by climate zone
and building type)

First-Year Electricity Savings (GWh)

First-Year Peak Electrical Demand Reduction (MW)
First-Year Natural Gas Savings (Million Therms)
First-Year Source Energy Savings (Million kBtu)

30-Year LSC Electricity Savings from Buildings
Constructed in First Year Code is in Effect (Million
2026 PV$)

30-Year LSC Natural Gas Savings from Buildings
Constructed in First Year Code is in Effect (Million
2026 PV$)

30-Year Total LSC Savings from Buildings
Constructed in First Year Code is in Effect Million
2026 PV$)

First-Year Avoided GHG Emissions (Metric Tons
CO2e)

Monetary Value of Avoided GHG Emissions during
First Year ($)

First-Year On-site Indoor Water Savings (Gallons)
First-Year On-site Outdoor Water Savings (Gallons)

First-Year Embedded Electricity in Water Savings
(kWh)

Annual Electricity Savings (kWh)

Annual Peak Electrical Demand Reduction (W)
Annual Natural Gas Savings (kBtu)

Annual Source Energy Savings (kBtu)

30-Year LSC Savings (2026 PV$)
Annual Avoided GHG Emissions (kg CO2e)

Annual On-site Indoor Water Savings (Gallons)
Annual On-site Outdoor Water Savings (Gallons)

Annual Embedded Electricity in Water Savings
(kWh)

Infinite

0.01
0.00
0.00
0.13

0.05

0.15

0.20

8.5

1,041

14.8

1.7
56.4
76.6

167
4.7

Infinite

0.06
0.01
0.01

1.0

0.42

1.2

1.6

67.0

8,253

16.2

1.9
60.1
82.2

181
5.1
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Compliance and Enforcement

Overview of Compliance Process

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 proposal. It also describes the compliance
verification process. Appendix E presents how the proposed changes could impact
various market actors.

The compliance verification activities related to this measure that need to occur during
each phase of the project are described below:

Design Phase:
o The plumbing engineer designs the buildings plumbing systems. Since

manual balancing valves are standard practice, certain design aspects
such as coordinating access to balancing valves, are currently performed,
and not considered new activities. To receive a compliance credit the
proposal would require the plumbing engineer to specify thermal balancing
valves, design the DHW supply and return piping to meet the criteria
outlined in the ACM, accurately determine length of each return pipe loop,
specify the circulation riser temperature set point and a variable speed
circulation system pump with differential pressure control, and coordinate
with the energy compliance professional to ensure compliance credit is
received. The plumbing engineer would also need to coordinate with the
plumbing subcontractor to ensure that the design length is achieved in the
field.

The plumbing engineer would also coordinate with the energy consultant
and contribute content for the applicable LMCC or NRCC compliance
forms based on the project details.

Permit Application Phase:
o Plan checkers currently perform plan check reviews of the hot water

distribution system and verify that the construction documents meet the
requirements of current buildings codes. The proposal would add new
activities to this phase, including requiring plan checkers to verify that the
design team has met the criteria of designing around a thermal balancing
valve and variable speed pump to claim the compliance credit. The LMCC
and NRCC forms would assist the plan checkers in verifying that new
projects meet the requirements of the proposal.

Construction Phase:
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o Plumbing subcontractors currently install the DHW system, including
furnishing and installing the specified balancing valves and circulation
pumps. One significant change associated with this proposal is that the
plumbing subcontractor would need to attest in the project compliance
forms that the length of each return pipe loop as built does not exceed the
calculated length specified in the construction documents. The plumbing
subcontractor would also need to install a variable speed circulation pump
and ensure the pump control is set appropriately as required for the
project to receive compliance credit. The plumbing subcontractor would
also need to install the thermal balancing valves; The Statewide CASE
Team heard from designers and contractors that thermal balancing valves
are easier to properly install than manual balancing valves. Finally, the
plumbing subcontractor would need to fill out the applicable LMCI or NRCI
forms.

¢ Inspection Phase:

o The inspector typically reviews the applicable LMCI or NRCI forms and
verifies that certain details of the distribution system comply with the
building code. This proposal would add fields to the LMCI and NRCI forms
and require the inspector to verify that the balancing valve and circulation
pump products match the inputs in the applicable LMCI or NRCI form and
that the temperature set point meets the proposed requirements.

Field Verification and Diagnostic Testing/Acceptance Testing

There are no field verifications or acceptance tests involved with this proposal.

Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure on
DIPs utilizing data from the CalEnviroScreen website indicating how DIPs may be
disproportionately affected, as well as studies showing how DIPs may be more
susceptible to health and quality of life impacts, including The Greenling Institute:
Equitable Building Electrification and other studies.

As a result of this measure, the Statewide CASE Team determined the DIPs would
benefit in the following ways:

Lower First Cost of Construction

The measure results in lower construction costs for new construction due to reduced
labor time to balance thermal balancing valves as opposed to manual balancing valves,
and resultant labor cost savings that offset marginal material cost increases. These cost
savings may be passed on as lower rent or purchase price, which would positively
impact low-income households and residents in low-income census tracts.
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Reduction in Energy Costs

The measure results in energy cost savings in all climate zones, which would provide a
higher benefit to people in low-income households and low-income census tracts who
spend a higher percentage of their income on energy than the general population.

Improved Hot Water Delivery Performance

The measure results in improved hot water delivery performance, reducing excess
water use and risk of waterborne pathogens, which would provide a higher benefit to the
people in low-income households and low-income census tracts who spend a higher
percentage of their income on utilities than the general population and who may have
increased healthcare costs.

Require Master Mixing Valves

Proposal Description

This prescriptive measure would require the installation of a thermostatic master mixing
valve (MMV) that conforms to the American Society of Sanitation Engineers (ASSE)
1017-2009 standard, Performance Requirements for Temperature Actuated Mixing
Valves for Hot Water Distribution Systems.

Proposed Code Change
The proposed code change would impact Section 170.2(d) - Prescriptive Approach for

Water Heating Systems. The MMV must be installed on the central heating plant hot
water supply outlet header leading to the recirculation loop. The MMV shall be installed
and commissioned in accordance with manufacturer’s instructions and applicable
reference appendix. The plumbing plans shall provide MMV installation details and
specifications indicating water mixing parameters, if this exceeds the mixing capability
of the specified MMV, the designer shall provide valve commissioning instructions to
prevent temperature creep.

Justification

Laboratory testing has shown significant energy savings when a MMV is installed at the
heating plant hot water outlet supply line prior to centralized supply and return
distribution system, versus mixing downstream at the dwelling unit.

MMVs are already commonly specified and installed in central domestic water heating
systems with recirculation and conform to ASSE 1017-2209. Based on our review of 22
new construction and retrofit project plumbing drawings, 82 percent of those designs
(18 of 22 projects) included MMV (2 digital, 16 mechanical) in the DHW heating plant
design, 2 projects utilized MMV at each dwelling unit, and 2 projects did not use MMV.
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This proposed measure seeks to codify what is already considered to be good practice
and more cost effective than individual MMV installation at each dwelling unit. With the
advance towards central HPWH systems, the use of MMV to precisely control the
distribution supply temperature offers higher system COP, load shifting capabilities, and
ability to safely increase storage heating capacity, and it improves reliability of single
pass heat pumps in certain recirculation return to primary tank design applications.

Background Information

Designers commonly specify mechanical MMV that utilize paraffin wax or bi-metal
designs located on the hot water heating plant outlet header leading to a centralized
distribution system with recirculation. This design offers the simplest solution to
controlling the temperature in the recirculation loop. While the technology and
performance standards of gas and electric water heaters have greatly improved, the
MMV performance standard (ASSE 1017) has not improved significantly to cover valve
performance when utilized in a DHW continuous recirculation system application
despite technology improvements, especially with the introduction of digital mixing
valves.

The proposed prescriptive requirement is complimentary to several leading HPWH
manufacturers’ installation guidelines. The Northwest Energy Efficiency Alliance’s
(NEEA) Advanced Water Heating Specification 8.0 (NEEA 2022) defines four major
components of a central HPWH system, including (1) primary heating system, (2)
primary storage, (3) temperature maintenance system, and (4) controls and sensors.
Thermostatic mixing valves are a required component of the temperature maintenance
system. Historically, mixing valves are used to mitigate pathogen growth and scalding
risk. With the advance towards central HPWH systems, the use of advanced mixing
valves to precisely control the distribution supply and return temperatures offers
additional heating plant performance benefits including temperature creep mitigation
and distribution loop pipe heat loss savings.

Scope of Code Change Proposal

Table 7 summarizes the scope of the proposed changes and which sections of
standards, Reference Appendices, Alternative Calculation Manual (ACM) Reference
Manuals, and compliance documents that would be modified as a result of the proposed
change(s).

Table 7: Scope of Code Change Proposal — Master Mixing Valves

Type of Requirement Prescriptive
Applicable Climate Zones All
Modified Section(s) of Title 24, Part 6 170.2(d)
Modified Title 24, Part 6 Appendices |RA4.4.20
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Yes. If selecting to not design with a thermostatic
MMV, the software would need to be modified to add
an energy penalty. Nonresidential and Multifamily
Alternative Calculation Method Reference Manual
6.11 DHW

2022-LMCC-PLB-E: Domestic Water Heating
2022-NRCC-PLB-E: Domestic Water Heating

e 2022-LMCI-PLB-E: Domestic Water Heating
2022-NRCI-PLB-E: Domestic Water Heating

Would Compliance Software Be
Modified

Modified Compliance Document(s)

Market Analysis and Regulatory Assessment

The Statewide CASE Team interviewed five plumbing designers and one general
contractor with a set of MMV-related questions and conducted plans review of 45
buildings. Currently, the specification and installation of mixing valves is considered
good engineering practice. Designers are specifying and contractors are installing
MMVs in the majority of the DHW systems that the Statewide CASE Team has
reviewed. MMVs, when specified, are done so by the plumbing designer. The plumbing
contractor is responsible for the installation of the valve.

Based on the lab testing results in Section 6.2.2.4, the installation of MMVs results in a
10.5 percent energy savings over not installing one in a HPWH system and distribution
system that mimics a building with 44-dwelling units. MMVs are already being specified
and installed in the majority of central DHW systems, based on 45 new building project
drawings the Statewide CASE Team reviewed.

The 2022 CPC Sections 408.3 and 409.4 discuss the need for thermostatic mixing for
scald protection, but they do not specify the location where mixing is required. This
proposal does not conflict with the CPC or other parts of the California Energy
Standards (https://www.dgs.ca.gov/BSC/Codes). Changes outside of Title 24, Part 6 are
not needed. There are no relevant state or local laws or regulations, and there is no
conflict with the current CPC. There are no other code change proposals under
consideration for the 2025 code cycle that overlap with this proposal.

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, 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
nonresidential customers that are impacted by this proposed code change. Refer to
Section 6.2.4 for more details.
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Cost-Effectiveness

The proposed code change was found to be cost-effective for all climate zones where it
is proposed. The benefit-to-cost (B/C) ratio over the 30-year period of analysis is >1 for
a heat pump water heater as well as a gas water heater for all climate zones. See more
details in Section 6.4.

California consumers and businesses would save more money on energy than they
would spend to finance the efficiency measure. As a result, over time this proposal
would leave more money available for discretionary and investment purposes once the
initial cost is paid off.

See Section 6.4 for the methodology, assumptions, and results of the cost-effectiveness
analysis.

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

Table 8 presents the estimated impacts of the proposed code change that would be
realized statewide during the first 12 months that proposed requirement are in effect.

First-year statewide energy impacts are represented by the following metrics: electricity
savings in gigawatt-hours per year (GWh/yr), peak electrical demand reduction in
megawatts (MW), natural gas savings in million therms per year (million therms/yr),
source energy savings in millions of kilo British thermal units per year (million kBtu/yr),
and LSC savings in millions of 2026 present value dollars per year (million 2026
PV$/yr). See Section 6.5 for more details on the first-year statewide impacts. Section
6.3.2 contains details on the per-unit energy savings.

Avoided GHG emissions are measured in metric tons of carbon dioxide equivalent
(metric tons CO2e). For this measure total avoided GHG emissions are 2,468 metric
tons CO2e. Assumptions used in developing the GHG savings are provided in Section
6.5.2. The monetary value of avoided GHG emissions is included in the LSC hourly
factors provided by the CEC and is thus included in the cost-effectiveness analysis.
First-year statewide water savings are presented Section 6.5.3 along with the
associated embedded electricity savings.
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Table 8: Summary of Impacts for Master Mixing Valves

New
Category Construction
& Additions
Cost- Benefit-to-Cost Ratio Range (varies by climate zone and building 1-39
Effectiveness | type)
First-Year Electricity Savings (GWh) 0.65
First-Year Peak Electrical Demand Reduction (MW) 0.38
First-Year Natural Gas Savings (Million Therms) 0.31
First-Year Source Energy Savings (Million kBtu) 29.8
30-Year LSC Electricity Savings from Buildings Constructed in 176
First Year Code is in Effect (Million 2026 PV$) ’
. 30-Year LSC Natural Gas Savings from Buildings Constructed in 427
f;:::g;de First Year Code is in Effect (Million 2026 PV$) '
30-Year Total LSC Savings from Buildings Constructed in First 60.4
Year Code is in Effect (Million 2026 PV$) '
First-Year Avoided GHG Emissions (Metric Tons CO2e) 2,468
Monetary Value of Avoided GHG Emissions during First Year ($) 303,881
First-Year On-site Indoor Water Savings (Gallons) -
First-Year On-site Outdoor Water Savings (Gallons) -
First-Year Embedded Electricity in Water Savings (kWh) -
Annual Electricity Savings (kWh) 107
Annual Peak Electrical Demand Reduction (W) 62.3
Annual Natural Gas Savings (kBtu) 1,068
Annual Source Energy Savings (kBtu) 1,155
Per Dwelling .
Unit Impacts 30-Year LSC Savings (2026 PV$) 4,374
Annual Avoided GHG Emissions (kg CO2e) 123

Annual On-site Indoor Water Savings (Gallons) -
Annual On-site Outdoor Water Savings (Gallons) -
Annual Embedded Electricity in Water Savings (kWh) -

Compliance and Enforcement

Overview of Compliance Process

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 proposal. It also describes the compliance
verification process. Appendix E presents how the proposed changes could impact
various market actors.
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The compliance verification activities related to this measure that need to occur during
each phase of the project are described below:

e Design Phase: The licensed engineer of record for the plumbing design (plumbing
designer) specifies the master mixing valve product and shall indicate in a schedule
or on the plans water mixing parameters such as the hot water supply temperature,
mixed outlet and return temperature, and recirculation flow rate to quantify the water
mix ratio required to ensure the specified MMV does not exceed the mixing
capability of the valve. This would be new information being added to the
construction documents as this information is not currently included. Additionally, if
pursuing performance compliance for DHW systems, the plumbing designer would
communicate with the energy modeler if a digital MMV is used to gain the
compliance credit. The plumbing designer helps complete LMCC or NRCC
compliance documents. Energy consultants enter the appropriate MMV type in the
compliance software if taking the performance approach, and the information is
submitted as part of the application package. The energy consultant attests to the
accuracy of the energy compliance documentation.

e Permit Application Phase: The plan checker would review the energy compliance
documentation and design drawings to ensure compliance. The design around an
MMV should be indicated on the compliance forms. And, as this is a prescriptive
measure the appropriate penalty should be assessed if not specified in the design
documents. Additionally, the plan checker would need to review the schedule sheet
for the MMV schedule as well as the piping diagram showing the MMV in the piping
design. Added work for the energy consultant includes new fields in existing energy
compliance forms.

e Construction Phase: Moderate compliance or enforcement changes are
anticipated as contractors currently install and commission MMVs regularly, but not
always based on manufacturer’s requirements for mechanical MMVs that often
include detailed instructions for MMV startup and balancing valve commissioning.
For digital MMVs, contractors would need to follow design documents and
coordinate with manufacturer’s representatives to ensure proper installation as well
as programming and start-up. Certificate of Installation documents, LMCI/NRCI,
would be completed by the installation contractor.

¢ Inspection Phase: Building inspector would need to inspect function of MMV to
ensure proper operation prior to occupancy.

Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure on
DIPs utilizing data from the CalEnviroScreen website indicating how DIPs may be
disproportionately affected, as well as studies showing how DIPs may be more
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susceptible to health and quality of life impacts, including The Greenling Institute:
Equitable Building Electrification and other studies.

As a result of this measure, the Statewide CASE Team determined the DIPs would
benefit in the following ways:

Higher Upfront Costs

The measure results in marginal higher upfront costs for new construction in most
cases, which would most likely not be passed on as higher rent or purchase price,
which would not economically impact low-income households and residents in low-
income census tracts.

Reduction in Energy Costs

The measure results in energy cost savings in all climate zones, which would provide a
higher benefit to people in low-income households and low-income census tracts who
spend a higher percentage of their income on energy than the general population.

Improved Hot Water Delivery Performance

The measure results in improved hot water delivery performance, reduced incidents of
scalding, and reduced risk of waterborne pathogens. This should provide a higher
benefit to the people in low-income households and low-income census tracts who
spend a higher percentage of their income on utilities than the general population and
may have increased healthcare costs.

Job Creation

These two measures may create more installation and commissioning jobs for
plumbers.

Central HPWH Clean-up

Proposal Description

This proposal suggests revising the prescriptive pathway(s) for alternative DHW plant
design and control approaches as well as adding an alternative prescriptive pathway
leveraging NEEA’s Advanced Water Heating Specification V8.0 for commercial HPWH
system.

Proposed Code Change

This measure would include the following prescriptive requirement for new construction
multifamily buildings:
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e Revise the existing prescriptive requirement to use single-pass HPWH as the
primary HPWH equipment in DHW plant design, remove primary storage tank
plumbing configuration requirement to allow design flexibility for HPWH, and clean-
up recirculation loop tank heater requirements.

e Add alternative prescriptive pathway leveraging NEEA’s Advanced Water Heating
Specification V8.0 for commercial HPWH system to allow design flexibility, ensure
system efficiency and reliability using prescriptive pathway. The alternative
prescriptive requirement would require HPWH systems meeting NEEA AWHS V8.0
Tier 2.

This measure would not modify the standard central HPWH model in the compliance
software.

Justification

With federal, state, local, and utility incentive programs, and a cultural drive towards
reducing carbon emissions, the market for HPWHSs in California has increased
significantly over the last few years. The 2022 Title 24 Statewide All-Electric CASE
research suggested central DHW systems are common in most multifamily buildings,
except for those with a small number of dwelling units. Central HPWH systems are an
important technology to decarbonize multifamily buildings. 2022 Title 24 Section 170.2
(d)2 already provides the prescriptive pathway for central HPWH systems. Since 2019,
the central HPWH technology and applications have evolved significantly. With state
regulations and local mandates moving to decarbonize buildings, many state and
federal sponsored efforts have recently made performance data available to support
evaluation of a wider range of systems and configurations, and incentivized
manufacturers to improve product availability and reliability.

The measure proposal leveraged recent modeling capability, field study and lab testing
data to evaluate HPWH equipment options and design configurations. The proposal
provides a prescriptive pathway for potentially a wide range of configuration of the
central HPWH system design supported by HPWH manufacturers. Contractors can
select heat pump water heater systems that meet the configuration requirement in the
proposed code language and comply with the code prescriptively. Note that for all
HPWH systems, designers also have the option to comply using the performance
approach.

The proposal would modify the requirements listed in Section 170.2(d)2 of the 2022
Title 24 code.

Background Information

For the 2022 code cycle, the Statewide CASE Team developed an alternate compliance
pathway for central HPWH systems. The 2022 Title 24 code requires the Standard
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Design be a central HPWH system if the Proposed Design uses central electric water
heating and a gas central water heater if the Proposed Design uses natural gas. The
2022 code requirements establish a foundational structure for future code improvement.

The 2022 Title 24 prescriptive requirements include basic equipment, plumbing, control,
and design documentation requirements to ensure minimum performance of the
system. Building on the existing requirements, this measure proposal would investigate
providing prescriptive pathway(s) for additional central HPWH plant design and control
approaches.

The 2022 code includes Joint Appendix (JA) 14, which provides qualification
requirements for a performance pathway for central HPWH systems. With the
performance data requirement by JA14 under the 2022 code, the Statewide CASE
Team proposed to revisit the prescriptive requirement for central HPWH design. NEEA
developed a widely referenced Advance Water Heating Specification (AWHS) that
originally only covered individual HPWHs, and they are currently developing their
AWHS 8.0 to include multifamily central HPWH products (NEEA 2022). The
specification includes commercial system efficiency calculation and requirements that
consider performance of connected water heating, the primary plant, and temperature
maintenance equipment. The Statewide CASE Team leveraged the NEEA AWHS 8.0
for code development of this efficiency requirement.

Scope of Code Change Proposal

Table 9 summarizes the scope of the proposed changes and which sections of
standards, Reference Appendices, Alternative Calculation Manual (ACM) Reference
Manuals, and compliance documents that would be modified as a result of the proposed
change(s).

Table 9: Scope of Code Change Proposal — Central HPWH Clean-up

Type of Requirement Prescriptive
Applicable Climate Zones All

Modified Section(s) of Title 24, Part 6  Section 170.2(d)2
Modified Title 24, Part 6 Appendices No

Would Compliance Software Be

Modified No

e 2022-LMCC-PLB-E: Domestic Water Heating
e 2022-NRCC-PLB-E: Domestic Water Heating
e 2022-LMCI-PLB-E: Domestic Water Heating
e 2022-NRCI-PLB-E: Domestic Water Heating

Modified Compliance Document(s)
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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, and market trends. It then
considered how the proposed standard may impact the market in general as well as
individual market actors. The Statewide CASE Team also gathered information 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, CEC 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 a public
stakeholder meeting that the Statewide CASE Team held on February 17, 2023.

The main market actors include building owners/developers, design engineers,
architects, contractors, equipment manufacturers, and energy consultants. In addition to
traditional market actors, because central HPWH is a growing market, state and local
government bodies and agencies with regulatory and program activities play an
important role in the direction, pace, and rules around central HPWHs adoption. These
market actors include IOUs, program implementers: Community choice aggregators and
municipal utilities, researchers, state regulatory agencies and local governments.

The Statewide CASE Team performed a market analysis that covers commercial size
HPWH units for central system design serving multiple dwelling units. The central heat
pump water heating market in California is currently in a state of rapid growth and
development. Based on the product review in this code cycle, Aermec, AO Smith,
Colmac, Rheem, Nyle, Sanden units, Mitsubishi, Mayekawa, Lync, and Transom have
products that are currently available in California or with near-term availability (see
Figure 15). There are 57 currently or near-term available air-source HPWH that the
Statewide CASE Team identified to be suitable for central HPWH application.

The product offering for low-global warming potential (GWP) heat pumps has been
expanding. Based on the 2022 CASE Report, there were only 10 low-GWP air source
HPWH products, and this number has doubled since 2019. There was only one
manufacturer (Sanden) in 2019, which increased to five by 2022/2023:

¢ Nyle introduced e-series low GWP HPWHSs €360 with R-513A refrigerant.

e Mitsubishi Electric Trane HVAC US introduced a large-capacity CO2 Heat pump
Heat20 into U.S. market.

e Mayekawa also introduced UNIMO AW air heat source CO2 heat pump into the
U.S. market.

e Lync introduced Aegis A series air source CO2 heat pump.

e Transom Hatch Air Sourced CO2 heat pump, manufacturer indicated model to be
available by 2023.
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Multiple other companies that sell central HPWH equipment in other markets (such as
Asia, Europe, and Australia) have indicated to the Statewide CASE Team that they
would be bringing those products to the California market in the next two years, as well
as working to develop additional products.

The Statewide CASE Team compiled a list of recently constructed multifamily buildings
with HPWH systems to understand current HPWH design practice and the application
trends. For project data, the Statewide CASE Team collected information from review of
design drawings and specifications from various data sources. The Statewide CASE
Team identified common central HPWH plumbing configurations for multifamily
applications, and they are consistent with four of the seven qualified piping
configurations listed in AWHS 8.0 (NEEA 2022):

e Single-pass primary with electric resistance water heater in series for
temperature maintenance system (HPWH_SPST)

e Single-pass return to primary (HPWH_SPRetP)

e Single-pass primary with multi-pass in parallel for temperature maintenance
system (HPWH_SPwMPTM)

e Multi-pass return to primary (HPWH_MPRetP)

The Statewide CASE Team does not anticipate significant employment or financial
impacts to any sector of the California economy. This is not to say that the proposed
change would not have modest impacts on employment in California. Refer to section
7.2.4 for details.

Cost-Effectiveness

This measure does not propose mandatory requirement or a revision to the primary
prescriptive requirements. A cost analysis is not necessary because the measure is not
proposed to be part of the baseline level of stringency. The Statewide CASE Team
provided information about the Cost-Effectiveness of the evaluated HPWH systems,
even though the CEC does not require a cost-effectiveness analysis for the measure to
be adopted.

See Section 7.4 for the methodology, assumptions, and results of the cost-effectiveness
analysis.

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

The code change proposal would not modify the stringency of the existing California
Energy Code, so the savings associated with this proposed change are minimal.
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Compliance and Enforcement

Overview of Compliance Process

The compliance process is described in Section 7.1.5. Impacts that the proposed
measure would have on market actors are described in Section 7.2 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 key issues related to compliance and enforcement are summarized below:

e Design Phase: Design engineers (generally plumbing engineers) specify HPWH
equipment and recirculation system design according to engineering analysis
and manufacturer guidelines.

e Permit Application Phase: Building officials perform plan check reviews on
equipment location, check recirculation system design, and verify that the
building adheres to the performance budget or is designed according to
prescriptive standards.

e Construction Phase: Plumbing contractors install the central HPWH system
including the heat pump, storage tanks, plumbing components, and specialties
including mixing valves and control sensors—as designed and per manufacturer
instructions.

¢ Inspection Phase: Plumbing contractors populate LMCI/NRCI forms and
schedule on-site verifications.

Field Verification and Diagnostic Testing/Acceptance Testing

The measure does not include field verification or testing.

Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure on
DIPs utilizing data from the CalEnviroScreen website indicating how DIPs may be
disproportionately affected, as well as studies showing how DIPs may be more
susceptible to health and quality of life impacts, including The Greenling Institute:
Equitable Building Electrification and other studies.

As a result of this measure, the Statewide CASE Team determined that DIP’s DIPs
benefit in the following ways:

e HPWHSs are being utilized more and more often in affordable multifamily housing.
As discussed in Sections 7.2 and 7.3, this measure has the potential for
significant energy savings, which would directly benefit DIPs that utilize
multifamily and affordable housing.

2025 Title 24, Part 6 Final CASE Report — Multifamily Domestic Hot Water | Ixvii


https://oehha.ca.gov/media/downloads/calenviroscreen/report/calenviroscreen40reportf2021.pdf
https://greenlining.org/publications/reports/2019/equitable-building-electrification-a-framework-for-powering-resilient-communities/
https://greenlining.org/publications/reports/2019/equitable-building-electrification-a-framework-for-powering-resilient-communities/

e The proposed measure would result in reduced on-site electricity and energy
costs, and possibly result in lower maintenance costs, which would provide a
higher benefit to people in low-income households and low-income census tracts
who spend a higher percentage of their income than the average household on
energy and rent.

Full details addressing energy, equity, and environmental justice can be found in
Section 7.6 of this report.

Individual HPWH Ventilation

Proposal Description

This proposal suggests adding mandatory requirements to provide adequate ventilation
for integrated HPWHS.

Proposed Code Change
This measure would include the following code changes:
e Add and adjust existing definitions in Section 100.1(b) to better differentiate

HPWH types, so that the proposed ventilation air requirements do not impact
HPWHSs that do not need ventilation air.

e Add a “Heat pump water heater” section to the end of Section 110.3(c)I.

o Language is based on ventilation air for gas appliances requirements from
the California Plumbing and Mechanical codes.

o Proposed code change provides for four basic HPWH ventilation paths:
1. Large unvented room/closet.

e Minimum room volume of 100 ft3 / kBtu/h of compressor
capacity, or manufacturer specified requirements.

2. Small vented room/closet.

e Minimum room volume of 20 ft3 / kBtu/h of compressor
capacity, or manufacturer specified requirements.

e Larger of 125 in? net free area (NFA) plus 25 in? per kBtu/h
of compressor capacity, or manufacturer specified
requirements.

3. Directly ducted to the HPWH inlet or outlet in any size room/closet.

e With the addition of basic requirements like insulating the
exhaust ducting and sealing duct joints with mastic.
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4. Ventilation methods approved by the manufacturer and included in
the permit application for approval from the building department.

o Proposed code prohibits using outdoor air for ventilation air without
backup heat if compressor cutout is above the Winter Median of Extremes
in JA2.2, Table 2-3.

Justification

With federal, state, local, and utility incentive programs, and a cultural drive towards
reducing carbon emissions, the market for HPWHSs in California has increased
significantly over the last few years. Water heating accounts for 40 percent of natural
gas consumption in the residential sector, representing 7 percent of the state’s total
GHG emissions (E3 2019). Water heating energy use in multifamily buildings can
account for 27 to 32 percent of total energy use based on 2015 Residential Energy
Consumption Survey by U.S. EIA. In 2022, Governor Gavin Newsom announced plans
to expand California’s climate change programs through CARB and the CEC, with goals
to install six million heat pumps (including HPWHs) by 2030 (Newsom 2022). This is in
addition to other simultaneous efforts at the state and federal level to limit or eliminate
the sale of gas-fired water heaters, including:

e CPUC decision to eliminate natural gas line subsidies, effective July 2023
(CPUC 2022).

e CARB adopted plans to ban gas-fired water heaters by 2030 (CARB 2022).

e The U.S. DOE released a Technical Support Document showing clear Cost-
Effectiveness for HPWHs (U.S. DOE, EERE 2022). Based on this document and
an industry proposal (ACEEE, et al. 2022), a notice of proposed rulemaking is
expected in 2023 that would increase the stringency of consumer water heater
efficiency requirements, supporting transition to HPWHSs, especially from electric
resistance storage water heaters.

All these regulatory and political factors indicate a significant increase in the rate of
adoption for HPWHSs in the coming years.

Under 2019 Title 24, Part 6, HPWHSs were the low-rise residential (both single family and
multifamily buildings three habitable stories or less) DHW baseline when the proposed
system is a heat pump or electric resistance system serving individual dwelling units or
serving multiple dwelling units with no hot water recirculating loops. Under 2022 Title 24,
Part 6, prescriptive requirements for HPWHs were added to Section 170.2. With the
prescriptive approach a NEEA Tier-lll rated HPWH is required (most HPWHSs on the
market meet or exceed NEEA Tier-lll requirements). Under the performance approach,
the U.S. DOE minimum efficiencies are used as the standard design baseline.
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Several recent field studies and laboratory testing have reported degraded HPWH
efficiency when they are installed in confined spaces without adequate ventilation,
especially in exterior closets common to many multifamily building applications. The
operational efficiency of any HPWH installed in such conditions, including those that are
NEEA Tier-1ll and higher, would be lower than what is assumed in current Title 24
efficiency calculations. This reduction in efficiency is due both to the impact of lower
evaporator temperature as well as the increased likelihood of second state electric
heating.

This proposal provides for four methods to install HPWHs with adequate ventilation that
would better assure the unit would perform as expected and protect the investment for
the occupant and building owner. The proposal includes minimum requirements for
these ventilation methods.

Background Information

HPWHSs require a consistent thermal resource with adequate air volume or ventilation to
reject heat. Efficient operation is achieved when the HPWH relies primarily on
compressor-based heating, rather than electric resistance element(s), which serve as
second stage or backup heating. A consistent thermal resource can be provided by
installing in a large space, by venting to other spaces through grilles and louvered
doors, or by ducting the HPWHSs directly to another space.

Laboratory and field' testing have shown that in cramped closets without adequate
ventilation, the operational efficiency of a HPWH would be lower than what is assumed
in current Title 24 compliance software calculations. Based on findings from extensive
lab testing completed by NEEA, Larson Energy Research, and PG&E Code Readiness
(see 0), inadequate HPWH ventilation was found to degrade COP by 18 — 57 percent in
small closets and cause excessive electric resistance backup heat use. The Statewide
CASE Team proposes to include HPWH ventilation requirements in the 2025 Energy
Code that would better assure that the unit would perform at acceptable levels.

Scope of Code Change Proposal

Table 10 summarizes the scope of the proposed changes and which sections of
standards, Reference Appendices, Alternative Calculation Manual (ACM) Reference
Manuals, and compliance documents that would be modified as a result of the proposed
change(s).

" For example: “Evaluation of Unitary Heat Pump Water Heaters with Load-Shifting Controls in a Shared
Multi-Family Configuration.” Hoeschele and Haile. (2022). https://www.etcc-ca.com/reports/evaluation-
unitary-heat-pump-water-heaters-load-shifting-controls-shared-multi-family
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Table 10: Scope of Code Change Proposal — Individual HPWH Ventilation

Type of Requirement Mandatory

Applicable Climate Zones All

Modified Section(s) of Title 24, Part 6 Sections 100.1(b), 110.3(c)
Modified Title 24, Part 6 Appendices No

Would Compliance Software Be Modified Yes

Adds reference to mandatory ventilation
requirements in the following forms:
e 2022-LMCC-PLB-01-E
e 2022-LMCI-PLB-E

e 2022-LMCI-PLB-01-E
e 2022-LMCI-PLB-02-E
e 2022-LMCI-PLB-21-H
e 2022-LMCI-PLB-22-H
e 2022-LMCV-PLB-21-H
e 2022-LMCV-PLB-22-H
e 2022-NRCC-PLB-E

e 2022-NRCI-PLB-E

e 2022-NRCV-PLB-21-H
e 2022-NRCV-PLB-22-H
e 2022-CF1R-ADD-01-E
e 2022-CF1R-ALT-01-E
e 2022-CF1R-NCB-01-E
e 2022-CF1R-ADD-02-E
e 2022-CF1R-ALT-05-E
e 2022-CF2R-ADD-02-E
e 2022-CF2R-ALT-05-E
e 2022 CF2R-PLB-02-E
e 2022 CF2R-PLB-22-H
e 2022 CF3R-PLB-22-H

Modified Compliance Document(s)

Market Analysis and Regulatory Assessment

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. The Statewide CASE Team also gathered information 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, CEC staff, and a wide range of industry
actors. In addition to conducting personalized outreach, the Statewide CASE Team
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discussed the current market structure and potential market barriers during a public
stakeholder meeting that the Statewide CASE Team held on February 17, 2023.

The main market actors include building owners/developers, design engineers,
architects, contractors, equipment manufacturers, and energy consultants. In addition to
traditional market actors, because central HPWH is a growing market, state and local
government bodies and agencies with regulatory and program activities play an
important role in the direction, pace, and rules around central HPWH adoption. These
market actors include IOUs, program implementers: Community choice aggregators and
municipal utilities, researchers, state regulatory agencies and local governments.

In the current market for consumer integrated HPWHSs, there are 103 models certified
by the CEC and listed in the MAEDBS, and there are 215 models certified by ENERGY
STAR. All these integrated HPWHSs use R-134a refrigerant, which has a GWP of 1430
and places the compressor cutout (the temperature below which the compressor stops
running and the unit switches to backup heat) at around 40°F evaporator inlet air
temperature. This impacts HPWH performance when using outdoor air for ventilation,
which the Statewide CASE Team considered in their analysis. All models listed in the
MAEDBS and ENERGY STAR, and currently available for sale in California, can be
ducted, and all manufacturers have minimum ventilation requirements, which were
considered while developing this proposal.

The top three manufacturers with the most certified units (with their subsidiary brand
names) make up all but one of the units listed in the MAEDBS, and that one unit is not
currently available for sale.

Options from manufacturers for providing adequate ventilation vary slightly by
manufacturer, but all provide the same basic ventilation pathways:

e Install in a large space (encompassing 450 to 700 ft3> minimum).

e Install in a smaller space, but ensuring free air exchange using louvered doors,
ventilation grilles, and door undercuts to net a large free area (approx. 240 in?
minimum).

e Install in any size space, with ducting.

Regardless of the ventilation path used, following these requirements from
manufacturers involves more than simply specifying equipment. Designers need to
consider the location of the HPWH and provide additional detail in building design about
how that ventilation is provided. It is important that this is done in the design, as different
contractors (e.g., plumbers and HVAC) may be involved in different components of the
installation and at different times.

The Statewide CASE Team compiled a list of recently constructed multifamily buildings
with HPWH systems to understand current HPWH design practice and the application
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trends. For project data, the Statewide CASE Team collected information from review of
design drawings and specifications from various data sources.

The Statewide CASE Team does not anticipate significant employment or financial
impacts to any sector of the California economy. This is not to say that the proposed
change would not have modest impacts on employment in California. Refer to Section
8.2.4 for details.

Cost-Effectiveness

Energy cost savings were calculated by applying the LSC hourly factors to the energy
savings estimates that were derived using the methodology described in Section 8.3.1.
LSC hourly factors are 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. The CEC
requested LSC savings over the 30-year period of analysis in both 2026 PV$ and
nominal dollars. The cost-effectiveness analysis uses LSC values in 2026 PV$. Costs
and Cost-Effectiveness using and 2026 PV$ are presented in Section 8.4 of this report.
The CEC uses results in nominal dollars to complete the Economic and Fiscal Impacts
Statement (From 399) for the entire package of proposed change to Title 24, Part 6.
Appendix G: Energy Cost Savings in Nominal Dollars presents LSC savings results in
nominal dollars.

The proposed code change applies to all occupancies whenever a consumer integrated
HPWH is installed, including in additions and alterations. LSC savings are the same for
new construction and additions/alterations.

There are several options for providing ventilation for HPWHSs that are very different
from a technical and cost standpoint. For the purpose of calculating Cost-Effectiveness,
the Statewide CASE Team chose to use the most universally applicable ventilation
method to both new construction and additions/alterations, which also has the lowest
incremental cost: grilles. This carries an incremental first cost of $177.50 for all
prototypes and for both new construction/additions and alterations and there are no
costs for maintenance or replacement in the 30-year analysis period.

According to the CEC’s definitions, a measure is cost effective if the 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 2026 PV costs and cost savings.

Benefit to cost ratio for this measure over the entire 30-year analysis period ranges from
16.2 to 49.5, depending on the prototype and climate zone.

2025 Title 24, Part 6 Final CASE Report — Multifamily Domestic Hot Water | Ixxiii



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

The Statewide CASE Team calculated the first-year statewide savings for new
construction and additions by multiplying the per-unit savings, which are presented in
Section 8.3.2, by assumptions about the percentage of newly constructed buildings that
would be impacted by the proposed code. The statewide new construction forecast for
2026 is presented in Appendix A, as are the Statewide CASE Team’s assumptions
about the percentage of new construction that would be impacted by the proposal (by
climate zone and building type).

The first-year energy impacts represent the first-year annual savings from all buildings
that were completed in 2026. 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. First
year electricity savings totaled 4.92 GWh with a peak electrical demand reduction of
0.37 MW. First year source energy savings totaled 7.6 million kBtu.

The Statewide CASE Team also calculated avoided GHG emissions associated with
energy consumption using the hourly GHG emissions factors that the CEC developed
along with the 2025 LSC hourly factors and an assumed cost of $123.15 per metric tons
of carbon dioxide equivalent emissions (metric tons CO2e). During the first year, GHG
emissions of 391 metric tons CO2e would be avoided.
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Table 11: Summary of Impacts for Individual HPWH Ventilation

New
Category Construction | Alterations
& Additions
Cost- Benefit-to-Cost Ratio Range (varies by climate zone 17.09 - 51.97 17.09 -
Effectiveness and building type) ' ' 51.97
First-Year Electricity Savings (GWh) 4.09 0.85
First-Year Peak Electrical Demand Reduction (MW) 0.30 0.06
First-Year Natural Gas Savings (Million Therms) - -
First-Year Source Energy Savings (Million kBtu) 6.31 1.30
30-Year LSC Electricity Savings from Buildings
Constructed in First Year Code is in Effect (Million 26.68 5.54
2026 PV$)

30-Year LSC Natural Gas Savings from Buildings
Constructed in First Year Code is in Effect (Million - -

. 2026 PV$)

Statewide —

Impacts 30-Year Total LSC Savings from Buildings
Constructed in First Year Code is in Effect (Million 26.68 5.54
2026 PV$)
First-Year Avoided GHG Emissions (Metric Tons 32416 6713
CO2e)
Monetary Value of Avoided GHG Emissions during 39.919.29 8.267.14
First Year ($)

First-Year On-site Indoor Water Savings (Gallons) - -
First-Year On-site Outdoor Water Savings (Gallons) - -
First-Year Embedded Electricity in Water Savings

(kWh)
Annual Electricity Savings (kWh) 795.69 753.53
Annual Peak Electrical Demand Reduction (W) 58.80 56.75
Annual Natural Gas Savings (kBtu) - -
) Annual Source Energy Savings (kBtu) 1,228.06 1,160.50
Per Dwelling - 5, v, | SC Savings (2026 PV$) 5193.06  4,934.10
Unit Impacts
Annual Avoided GHG Emissions (kg CO2e) 63.09 59.77

Annual On-site Indoor Water Savings (Gallons) - -
Annual On-site Outdoor Water Savings (Gallons) - -
Annual Embedded Electricity in Water Savings (kWh) - -

Compliance and Enforcement

Overview of Compliance Process

The compliance process is described in Section 8.1.5. Impacts that the proposed
measure would have on market actors are described in 8.5. The Statewide CASE Team
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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 key issues related to compliance and enforcement are summarized below:

e Design Phase: Designers specify HPWH equipment and design according to
engineering analysis and manufacturer guidelines.

e Permit Application Phase: Building officials perform plan check reviews on
equipment location, check system design, and verify that the building adheres to
mandatory requirements.

e Construction Phase: Contractors install the HPWH as designed and per
manufacturer instructions.

e Inspection Phase: Compliance forms are completed, and on-site verifications
are conducted.

Field Verification and Diagnostic Testing/Acceptance Testing

The measure does not include field verification or testing.

Addressing Energy Equity and Environmental Justice

As a result of this measure, the Statewide CASE Team determined that DIPs would
benefit in the following ways:

e HPWHSs are being utilized more and more often in affordable multifamily housing.
This measure has the potential for significant energy savings, which would
directly benefit DIPs that utilize multifamily and affordable housing.

e The proposed measure would result in reduced on-site electricity and energy
costs, and possibly result in lower maintenance costs, which would provide a
higher benefit to people in low-income households and low-income census tracts
who spend a higher percentage of their income than the average household on
energy and rent.

Full details addressing energy, equity, and environmental justice can be found in
Section 8.6 of this report.

Individual DHW Electric Ready Clean-up

Proposal Description

This measure would clean up and add to the existing mandatory electric ready
requirements of Title 24, Part 6 Section 160.4 for all new construction multifamily
buildings constructed with gas or propane individual water heaters, to increase technical
and financial feasibility of future retrofits to HPWH. The Statewide CASE Team is also
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proposing a minor improvement to the single family code language as described in the
Proposed Code Change section below.

Proposed Code Change

This measure would clean up and add to the existing mandatory requirements of Title
24, Part 6 Section 160.4 for all new construction multifamily buildings constructed with
gas or propane individual water heaters. This measure moves the language to section
160.9, which is the multifamily mandatory requirements for electric ready buildings
section, and adds or updates the following electric ready requirements:

e Electrical system components including the building main service entrance
conduit, meter panel, main service disconnect, and main distribution panel must
be sized and installed to accommodate the future HPWH.

e The branch conductor size requirement is updated from requiring “a 120/240-volt
3 conductor, 10 AWG branch circuit” to requiring a 120/240-volt 3 conductor
branch circuit rated to 30 amps.

e Adequate physical space to accommodate the future HPWH.

e Adequate planning to meet the future HPWH ventilation needs, by reserving a
future HPWH location with adequate volume as defined by the proposed code
language, installing fixed openings, or by planning for future ducting to serve the
HPWH.

Based on the findings from the multifamily research and stakeholder feedback, the
Statewide CASE Team also proposes to improve the single family code language in
Section 150.0(n). The Statewide CASE Team proposes to update the branch conductor
size requirement, when the future HPWH would be within 3 feet from the water heater,
from requiring “a 120/240-volt 3 conductor, 10 AWG branch circuit” to requiring a
120/240-volt 3 conductor branch circuit rated to 30 amps minimum.

Justification

With federal, state, local, and utility incentive programs, and a cultural drive towards
reducing carbon emissions, the market for HPWHs in California has increased
significantly over the last few years. As market adoption of HPWH continues to
increase, it is important that California ensures building owners of new construction
multifamily buildings with gas or propane water heating equipment are enabled to easily
adopt HPWHs in future retrofits. This is especially important since HPWHs can be two
to three times more energy efficient than a fossil-gas or electric-resistance water
heating system. This proposal is intended to make future retrofits from gas or propane
individual water heaters to individual HPWH more technically and financially feasible.
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Background Information

At the state level, 2022 Title 24 Part 6 has existing electric ready requirements for gas or
propane uses including heat pump electric ready, cooktop electric ready, clothes drying
electric ready, and individual water heating electric ready in multifamily buildings. The
heat pump electric ready, cooktop electric ready, and clothes drying electric ready
requirements are included in Section 160.9. The individual HPWH electric ready
requirements are included in section 160.4. The individual HPWH electric ready
requirements, which this proposal would improve, were adopted in the 2022 code cycle.

As of December 2022, at least 70 jurisdictions across California have adopted electric
readiness and all-electric construction reach codes during the 2019 code cycle. Most of
these jurisdictions require all-electric construction with no exception for water heating
specifically. California utilities also offer incentives for all-electric new construction in
multifamily developments. With programs such as these encouraging the adoption of
all-electric homes including heat pump technology, developers are receiving design
assistance support to learn how to design buildings with code compliant heat pumps
and standardize the design practice.

Scope of Code Change Proposal

Table 12 summarizes the scope of the proposed changes and which sections of
standards, Reference Appendices, Alternative Calculation Manual (ACM) Reference
Manuals, and compliance documents would be modified because of the proposed
changes.

Table 12: Scope of Code Change Proposal - Individual DHW Electric Ready Clean-
up

Type of Requirement Mandatory

Applicable Climate Zones All

Modified Section(s) of Title 24, Part 6 Section 150.0(n), 160.4(a), 160.9(d,f)
Modified Title 24, Part 6 Appendices No

Would Compliance Software Be Modified No

2022-LMCC-PLB-E: Domestic Water Heating
2022-NRCC-PLB-E: Domestic Water Heating
2022-LMCI-PLB-E: Domestic Water Heating
2022-NRCI-PLB-E: Domestic Water Heating

Modified Compliance Document(s)

Market Analysis and Regulatory Assessment

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
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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 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 a public stakeholder meeting that the
Statewide CASE Team held on February 17, 2023. The main market actors include
building owners/developers, design engineers and contractors.

The Statewide CASE Team identified ventilation, space, electrical, and condensate
drainage as the most critical components that affect technical feasibility of the proposal.
Structural impacts were not deemed to affect technical feasibility in most retrofit to
individual HPWH applications. The current electric ready code already requires
adequate condensate drainage and planning for the future electrical load, so the
Statewide CASE Team focused on adding ventilation and space requirements and
improving the language regarding electrical requirements to explicitly align with
standard practice of sizing the entire building system for the future electrical load.

This proposal builds on the existing state building code (Title 24, Part 6). The Statewide
CASE Team is not aware of incompatibility with any local laws. As described in section
9.1.2.2, many jurisdictions have adopted local all electric code requirements that exceed
the proposed electric ready requirements. These local codes should have a positive
impact on the proposal by increasing market awareness of what infrastructure is
required for all electric heat pump water heating equipment.

The Statewide CASE Team does not anticipate significant economic impacts, though
the Team does expect to see a moderate increase in jobs as a result of this proposal.
The Statewide CASE Team anticipates roughly 50 jobs created in the California
Residential Construction Sector, about 34 jobs in the Building Design and Energy
Consulting Sectors, and potentially 3-4 jobs for California Building Inspectors. Refer to
Section 9.2.4 for details.

Cost-Effectiveness

While this measure will not save energy, the Statewide Case Team determined it to be
cost effective based on a net present value calculation. The net present value
calculation was performed based on a discount rate of 3 percent and retrofit to HPWH
on burnout of the original gas or propane equipment which was conservatively
estimated to be at 20 years. Based on these calculations the Team found the proposed
electric ready measure to be cost effective as the measure would save $542 in net
present value dollars per dwelling unit. As a result, over time this proposal would leave
more money available for discretionary and investment purposes once the initial cost is
paid off.
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Statewide Energy Impacts: Energy, Water, and Greenhouse Gas (GHG)
Emissions Impacts

As this measure is simply a means of getting buildings electric ready for future DHW
replacements, The Statewide CASE Team does not expect immediate energy, water or
GHG impacts. However, the Statewide CASE Team does anticipate that the measure
would accelerate the adoption of HPWH by lowering the cost barrier at replacement,
thereby reducing GHGs over time.

Compliance and Enforcement

Overview of Compliance Process

The compliance process is described in Section 9.1.5. Impacts that the proposed
measure would have on market actors are described in Section 9.2. 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 key issues related to compliance and enforcement are summarized below:

e Design Phase: The plumbing engineer designs the plumbing systems and
coordinates requirements to the rest of the design team. Currently, California
Energy Code requires the electrical engineer to plan for a 10 AWG branch circuit
to the future HPWH, but the electrical engineer is not explicitly required to size all
upstream systems for the future load.

e Permit Application Phase: Plan checkers currently perform plan check reviews
of the gas water heater systems and verify that the construction drawings meet
the current individual HPWH electric ready requirements.

e Construction Phase: General contractors are responsible for construction of the
building, including hiring specialized subcontractors as required. Based on the
new proposal, the general contractor’s responsibilities would now include
installing an appropriately sized closet and ensuring that the specified ventilation
requirements are met.

¢ Inspection Phase: The inspector typically reviews the applicable compliance
forms and verifies that the individual gas water heater meets all applicable
building codes, including the existing electric ready requirements.

Field Verification and Diagnostic Testing/Acceptance Testing
The measure does not include field verification or testing.
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Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure on
DIPs utilizing data from the CalEnviroScreen website indicating how DIPs may be
disproportionately affected, as well as studies showing how DIPs may be more
susceptible to health and quality of life impacts, including The Greenlining Institute:
Equitable Building Electrification and other studies.

The proposed measure would benefit DIPs in the following ways:

e Health Impacts. Homes in disadvantaged communities (DACs) are more likely
to be in areas with high levels of ambient pollution, and multifamily units have the
additional IAQ concern of pollutant transfer from neighboring units. Several of the
potential negative health impacts from buildings on DIPs are addressed by
energy efficiency (R. A. Norton 2014., R. J. Cluett 2015, Rose 2020). For
example, indoor air quality (IAQ) improvements through removal of combustion
appliances can lessen the incidents of asthma, chronic obstructive pulmonary
disease (COPD), and some heart problems.

e Job creation. UCLA and UMass both estimate job gains from building
electrification would far outweigh job losses.

Full details addressing energy, equity, and environmental justice can be found in
Section 9.6 of this report.

Central DHW Electric Ready

Proposal Description

This measure proposes mandatory electric ready requirements for all new construction
multifamily buildings constructed with gas or propane central water heating equipment.

Proposed Code Change

This measure would include mandatory requirements for all new construction
multifamily buildings constructed with gas or propane central water heating equipment
to provide planning and infrastructure for future electric equipment. For the purposes of
this measure, HPWH equipment includes the heat pump, storage tanks, and
temperature maintenance tanks. This measure would require planning for the following
electric ready components:

e Electrical system components including the building service entrance conduit,
meter panel, main service disconnect, main distribution panel, and dedicated
conduit from the panel to the planned location of the future HPWH. Equipment
must be sized and installed to accommodate the future HPWH equipment.
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¢ Installation of condensate drainage piping from the location of the future heat
pump to an acceptable termination point, in accordance with the California
Plumbing Code, to serve the future HPWH.

e Adequate physical space to accommodate the future HPWH equipment and
required service clearance.

e Adequate planning to meet the future heat pump ventilation needs.

The measure includes two pathways for the new construction to comply with the proposed
requirements: the design team can meet the electric ready requirements using code
prescribed sizing factors, or the design team can meet the electric ready requirements by
planning for a specific product if sufficient documentation of the design is provided.

Justification

With federal, state, local, and utility incentive programs, and a cultural drive towards
reducing carbon emissions, the market for HPWHSs in California has increased
significantly over the last few years. As market adoption of HPWH continues to
increase, it is important that California ensures building owners of new construction
multifamily buildings with gas or propane water heating equipment are enabled to easily
adopt HPWHs in future retrofits. This is especially important since HPWHSs can be two
to three times more energy efficient than a fossil-gas or electric-resistance water
heating system. This proposal is intended to make future retrofits from gas or propane
individual water heaters to individual HPWH more technically and financially feasible.

Background Information

The 2022 Title 24, Part 6 code has existing electric ready requirements for most gas uses
such as space heating, cooking, clothes drying, and individual water heating in multifamily
buildings. These requirements are included in Sections 160.9 and 160.4 respectively.
Central gas water heaters do not currently have an electric ready requirement.

As of December 2022, at least 70 jurisdictions across California have adopted electric
readiness and all-electric construction reach codes during the 2019 code cycle. Most of
those jurisdictions require all-electric construction with no exception for water heating
specifically. Some jurisdictions allow exceptions if a compliance pathway is not available
under the 2022 Title 24, Part 6 code, and a builder is not able to meet the performance
compliance standards using commercially available electric technology. California
utilities also offer incentives for all-electric new construction in multifamily
developments. With programs such as these encouraging the adoption of all-electric
homes including heat pump technology, developers are receiving design assistance
support to learn how to design buildings with code compliant heat pumps and
standardize the design practice.
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Scope of Code Change Proposal

Table 13 summarizes the scope of the proposed changes and which sections of
standards, Reference Appendices, Alternative Calculation Manual (ACM) Reference
Manuals, and compliance documents that would be modified as a result of the proposed
change(s).

Table 13: Scope of Code Change Proposal - Central DHW Electric Ready

Type of Requirement Mandatory
Applicable Climate Zones All
Modified Section(s) of Title 24, Part 6  160.9
Modified Title 24, Part 6 Appendices No

Would Compliance Software Be

Modified No

o 2022-LMCC-PLB-E: Domestic Water Heating
e 2022-NRCC-PLB-E: Domestic Water Heating
o 2022-LMCI-PLB-E: Domestic Water Heating
o 2022-NRCI-PLB-E: Domestic Water Heating

Modified Compliance Document(s)

Market Analysis and Regulatory Assessment

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 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 a public stakeholder meeting that the
Statewide CASE Team held on February 17, 2023. The main market actors include
building owners/developers, architects, design engineers and contractors.

Both interview and plan review results show that space, ventilation, and electrical
requirements are the most critical components to address at the time of construction for
future retrofitting of a central gas water heater system to a central HPWH system.

To quantitatively evaluate the impacts of retrofitting the gas water heating systems to
HPWHs, the Statewide CASE Team worked with professional plumbing engineers and
electrical engineers to develop a basis of design (BOD) for the four multifamily building
prototypes. The BOD includes space, electrical, and plumbing requirements when
replacing a central gas DHW system with solar thermal system with a central HPWH
system.
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This proposal does not require changes to other building codes, nor would it conflict
with other code requirements.

The Statewide CASE Team does not anticipate significant economic impacts, though
the Team does expect to see a moderate increase in jobs as a result of this proposal.
The Statewide CASE Team anticipates roughly 82 jobs created in the California
Residential Construction Sector, about 160 jobs in the Building Design and Energy
Consulting Sectors, and potentially 16 jobs for California Building Inspectors. Refer to
section 10.2.4 for details.

Cost-Effectiveness

While this measure will not save energy, the Statewide Case Team determined it to be
cost effective based on a zero-dollar first cost as well as a net present value calculation.
The calculation was performed over an assumed 20-year EUL for the equipment to be
conservative, and the discount rate used was 3 percent. Based on these calculations
the Team found the proposed electric ready measure to be cost effective as the
measure would save $1,051 in net present value dollars per dwelling unit in a high
recovery system design for the low-rise loaded corridor prototype. As a result, over time
this proposal would leave more money available for discretionary and investment
purposes once the initial cost is paid off.

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

As this measure is simply a means of getting buildings electric ready for future DHW
replacements, The Statewide CASE Team does not expect energy, water, or GHG
impacts.

Compliance and Enforcement

Overview of Compliance Process

The compliance process is described in Section 10.1.5. Impacts that the proposed
measure would have on market actors are described in Section 10.2. 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 key issues related to compliance and enforcement are summarized below:

e Design Phase: The plumbing engineer designs the plumbing systems including
selecting the gas individual water heater, which triggers the proposed
requirements. Current relevant activities include specifying the gas equipment,
and determining and coordinating space requirements, electrical requirements,
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and drainage piping locations to the rest of the design team. The design team
then works to ensure the building design meets these criteria.

Permit Application Phase: Plan checkers currently perform plan check reviews
of the gas water heater systems and verify that the construction drawings meet
code.

Construction Phase: General contractors are responsible for construction of the
building, including hiring specialized subcontractors as required. Based on the
new proposal, the general contractor’s responsibilities would now include
coordinating with the construction team as needed to ensure the building is
constructed adequately to meet the new electric-ready requirements. This would
impact specialized subcontractors.

Inspection Phase: The inspector typically reviews the applicable compliance
forms and verifies that the individual gas water heater meets all applicable
building codes, including the existing electric ready requirements.

Field Verification and Diagnostic Testing/Acceptance Testing

The measure does not include field verification or testing.

Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure on
DIPs utilizing data from the CalEnviroScreen website indicating how DIPs may be
disproportionately affected, as well as studies showing how DIPs may be more
susceptible to health and quality of life impacts, including The Greenlining Institute:
Equitable Building Electrification and other studies.

The proposed measure would benefit DIPs in the following ways:

Health Impacts. Homes in disadvantaged communities (DACs) are more likely
to be in areas with high levels of ambient pollution, and multifamily units have the
additional IAQ concern of pollutant transfer from neighboring units. Several of the
potential negative health impacts from buildings on DIPs are addressed by
energy efficiency (R. A. Norton 2014., R. J. Cluett 2015, Rose 2020). For
example, indoor air quality (IAQ) improvements through removal of combustion
appliances can lessen the incidents of asthma, chronic obstructive pulmonary
disease (COPD), and some heart problems.

Job creation. UCLA and UMass both estimate job gains from building
electrification would far outweigh job losses.

Full details addressing energy, equity, and environmental justice can be found in
Section 10.6 of this report.

2025 Title 24, Part 6 Final CASE Report — Multifamily Domestic Hot Water | Ixxxv


https://oehha.ca.gov/media/downloads/calenviroscreen/report/calenviroscreen40reportf2021.pdf
https://greenlining.org/publications/reports/2019/equitable-building-electrification-a-framework-for-powering-resilient-communities/
https://greenlining.org/publications/reports/2019/equitable-building-electrification-a-framework-for-powering-resilient-communities/
https://innovation.luskin.ucla.edu/wp-content/uploads/2019/11/California_Building_Decarbonization.pdf
https://peri.umass.edu/publication/item/1466-a-program-for-economic-recovery-and-clean-energy-transition-in-california

1. Introduction

The Codes and Standards Enhancement (CASE) initiative presents recommendations
to support the California Energy Commission’s (CEC’s) efforts to update California’s
Energy Code (Title 24, Part 6) to include new requirements or to upgrade existing
requirements for various technologies. The three California Investor-Owned Utilities
(IOUs)—Pacific Gas and Electric Company (PG&E), San Diego Gas and Electric, and
Southern California Edison (SCE)—and two Publicly Owned Utilities—Los Angeles
Department of Water and Power and Sacramento Municipal Utility District (SMUD)
(herein referred to as the Statewide CASE Team when including the CASE Author)—
sponsored this effort. The program’s 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 CEC is the state agency that has authority to adopt revisions to Title 24, Part 6.
One of the ways the Statewide CASE Team participates in the CEC’s code
development process is by submitting code change proposals to the CEC for
consideration. The CEC would evaluate proposals the Statewide CASE Team and other
stakeholders submit and may revise or reject proposals. See the CECs 2025 Title 24
website for information about the rulemaking schedule and how to participate in the
process.

The goal of this CASE Report is to present a code change proposal for multifamily
domestic hot water (DHW) heat pump water heater (HPWH) and distribution systems
central HPWH clean-up, individual HPWH ventilation, individual DHW electric ready,
and central HPWH electric ready. The report contains pertinent information supporting
the proposed code change.

When developing the code change proposal and associated technical information
presented in this report, the Statewide CASE Team worked with many industry
stakeholders including building officials, design consultants, manufacturers, builders,
utility incentive program managers, Title 24 energy analysts, and others involved in the
code compliance process. The Statewide CASE Team also got costs from a total of
three contractors or design firms to support measure development. The proposal
incorporates feedback received during a public stakeholder workshop that the Statewide
CASE Team held on February 17, 2023.
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The following is a summary of the contents of this report:

Section 2 — Addressing Energy Equity and Environmental Justice presents the
potential impacts of proposed code changes on disproportionately impacted populations
(DIPs), as well as a summary of research and engagement methods.

Sections 3 through 10 focus on the following topics or measures within this code
change proposal:

Section 3 — CPC Appendix M Pipe Sizing
Section 4 — Pipe Insulation Enhancement
Section 5 — Thermostatic Balancing Valves
Section 6 — Master Mixing Valves

Section 7 — Central HPWH Clean-up
Section 8 — Individual HPWH Ventilation
Section 9 - Individual DHW Electric Ready
Section 10 — Central DHW Electric Ready

Sections 3 through 10 include the following subsections for each topic or measure:

1.

Section x.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.

Section x.2: Market Analysis includes a review of the current market structure.
Section x.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.

Section x.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.

Section x.4: Cost and Cost-Effectiveness presents the lifecycle cost and cost-
effectiveness analysis. This includes a discussion of the materials and labor
required to implement the measure and a quantification of the incremental cost. 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.

Section x.5: Annual Statewide Impacts presents the statewide energy savings
and environmental impacts of the proposed code change for the first year after
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the 2025 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. Statewide water consumption impacts are also reported in this
section.

6. Section x.6: Addressing Energy Equity and Environmental Justice presents
the potential impacts of proposed code changes on disproportionately impacted
populations (DIPs), as well as a summary of research and engagement methods.

Section 11 — Proposed Revisions to Code Language concludes the report with
specific recommendations with strikeout (deletions) and underlined (additions) language
for the Standards, Reference Appendices, and Alternative Calculation Manual (ACM)
Reference Manual. Generalized proposed revisions to sections are included for the
Compliance Manual and compliance forms.

Section 12 — Bibliography presents the resources that the Statewide CASE Team
used when developing this report.

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

Appendix B: 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 C: California Building Energy Code Compliance Software Specification
presents relevant proposed changes to the compliance software (if any).

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

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

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

Appendix G: Energy Cost Savings in Nominal Dollars presents LSC savings over
the period of analysis in nominal dollars.

Appendix H: Energy Impact Analysis Methodology Details presents additional
details behind the methodology used to calculate energy impacts.
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Appendix I: Prototypes and Basis of Design CPC Appendix A Pipe Sizing
Methodology presents the prototype and basis of design information for the CPC
Appendix A pipe sizing methodology used.

Appendix J: Prototypes and Basis of Design CPC Appendix M Pipe Sizing
Methodology presents the prototype and basis of design information for the CPC
Appendix M pipe sizing methodology used.

The California I0Us offers free energy code training, tools, and resources for those who
need to understand and meet the requirements of Title 24, Part 6. The program
recognizes that building codes are one of the most effective pathways to achieve
energy savings and GHG reductions from buildings — and that well-informed industry
professionals and consumers are key to making codes effective. With that in mind, the
California I0Us provide tools and resources to help both those who enforce the code,
as well as those who must follow it. Visit EnergyCodeAce.com to learn more and to
access content, including a glossary of terms.
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2. Addressing Energy Equity and
Environmental Justice

21 General Equity Impacts

The Statewide CASE Team recognizes, acknowledges, and accounts for a history of
prejudice and inequality in disproportionately impacted populations (DIPs) and the role
this history plays in the environmental justice issues that persist today. While the term
disadvantaged communities (DACs) is often used in the energy industry and state
agencies, the Statewide CASE Team chose to use terminology that is more acceptable
to and less stigmatizing for those it seeks to describe (DC Fiscal Policy Institute 2017).
Similar to the California Public Utilities Commission (CPUC) definition, DIPs refer to the
populations throughout California that “most suffer from a combination of economic,
health, and environmental burdens. These burdens include poverty, high
unemployment, air and water pollution, presence of hazardous wastes, as well as high
incidence of asthma and heart disease” (CPUC n.d.). DIPs also incorporate race, class,
and gender since these intersecting identity factors affect how people frame issues,
interpret, and experience the world.?

Including impacted communities in the decision-making process, ensuring that the
benefits and burdens of the energy sector are evenly distributed, and facing the unjust
legacies of the past all serve as critical steps to achieving energy equity. Recognizing
the importance of engaging DIPs and gathering their input to inform the code change
process and proposed measures, the Statewide CASE Team is working to build
relationships with community-based organizations (CBOs) to facilitate meaningful
engagement. A participatory approach allows individuals to address problems, develop
innovative ideas, and bring forth a different perspective. Please reach out to Jingjuan
“‘Dove” Feng (ffeng@trccompanies.com) and Marissa Lerner (mlerner@energy-
solution.com) for further engagement.

Energy equity and environmental justice (EEEJ) is a newly emphasized component of
the Statewide CASE Team’s work and is an evolving dialogue within California and

2 Environmental disparities have been shown to be associated with unequal harmful environmental
exposure correlated with race/ethnicity, gender, and socioeconomic status. For example, chronic
diseases, such as respiratory diseases, cardiovascular disease, and cancer, associated with
environmental exposure have been shown to occur in higher rates in the LGBTQ+ population than in the
cisgender, heterosexual population (Goldsmith and Bell 2021). Socioeconomic inequities, climate,
energy, and other inequities are inextricably linked and often mutually reinforcing.
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beyond.? To minimize the risk of perpetuating inequity, code change proposals are
being developed with intentional consideration of the unintended consequences of
proposals on DIPs. The Statewide CASE Team identified these potential impacts via
research and stakeholder input. While the listed potential impacts should be
comprehensive, they may not yet be exhaustive. As the Statewide CASE Team
continues to build relationships with community-based organizations (CBOs), these
partnerships would inform and further improve the identification of potential impacts.
The Statewide CASE Team is open to additional peer-reviewed studies that contribute
to or challenge the information on this topic presented in this report. The Statewide
CASE Team is currently continuing outreach with CBOs and EEEJ Partners and the
results of that outreach, as well as a summary of the 2025 code cycle EEEJ activities
would be documented in the 2025 EEEJ Summary Report.

This subsection describes the equity impacts of all residential building code change
proposals. Section 2.2 describes the EEEJ considerations and anticipated impacts for
each code change proposal specifically.

2.1.1 Procedural Equity and Stakeholder Engagement

As mentioned, representation from DIPs is crucial to considering factors and potential
impacts that may otherwise be missed or misinterpreted. The Statewide CASE Team is
committed to engaging with representatives from as many affected communities as
possible. This code cycle, the Statewide CASE Team is focused on building
relationships with CBOs and representatives of DIPs across California. To achieve this
end, the Statewide CASE Team is prioritizing the following activities:

¢ |dentification and outreach to relevant and interested CBOs.

e Holding a series of working group meetings to solicit feedback from CBOs on
code change proposals.

e Developing a 2025 EEEJ Summary Report

In support of these efforts, the Statewide CASE Team is also working to secure funds to
provide fair compensation to those who engage with the Statewide CASE Team. While
the 2025 code cycle would come to an end, the Statewide CASE Team’s EEEJ efforts
would continue, as this is not an effort that can be “completed” in a single or even

3 The CEC defines energy equity as “the quality of being fair or just in the availability and distribution of
energy programs” (CEC 2018). American Council for an Energy-Efficient Economy (ACEEE) defines
energy equity as that which “aims to ensure that disadvantaged communities have equal access to clean
energy and are not disproportionately affected by pollution. It requires the fair and just distribution of
benefits in the energy system through intentional design of systems, technology, procedures and policies”
(ACEEE n.d.). Title 7, Planning and Land Use, of the California Government Code defines environmental
justice as “the fair treatment and meaningful involvement of people of all races, cultures, incomes, and
national origins, with respect to the development, adoption, implementation, and enforcement of
environmental laws, regulations, and policies” (State of California n.d.).
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multiple code cycles. In future code cycles, the Statewide CASE Team is committed to
furthering relationships with CBOs and inviting feedback on proposed code changes
with a goal of engagement with these organizations representing DIPs throughout the
code cycle. Several strategies for future code cycles are being considered, including:

o Creating an advisory board of trusted CBOs that may provide consistent
feedback on code change proposals throughout the development process.

« Establishing a robust compensation structure that enables participation from
CBOs and DIPs in the Statewide CASE Team’s code development process.

« Holding equity-focused stakeholder meetings to solicit feedback on code change
proposals that seem more likely to have strong potential impacts.

2.1.2 Potential Impacts on DIPs in Single Family and Multifamily
Buildings

2.1.2.1 Health Impacts

Understanding the influences that vary by demographics, location, or type of housing is
critical to developing equitable code requirements. For example, as described in Section
2.2, homes in disadvantaged communities (DACs) are more likely to be in areas with
high levels of ambient pollution, and multifamily units have the additional IAQ concern of
pollutant transfer from neighboring units.

Several of the potential negative health impacts from buildings on DIPs are addressed
by energy efficiency (R. A. Norton 2014., R. J. Cluett 2015, Rose 2020). For example,
indoor air quality (IAQ) improvements through ventilation or removal of combustion
appliances can lessen the incidents of asthma, chronic obstructive pulmonary disease
(COPD), and some heart problems. Water heating and building shell improvements can
lower stress levels associated with energy bills by lowering utility bill costs. Better
insulation and tighter building envelopes can reduce the health impacts from intrusion of
dampness and contaminants, as well as providing a measure of resilience during
extreme conditions. Electrification can reduce the health consequences resulting from
NOx, SO2, and PM2s.

2.1.2.2 Energy Efficiency and Energy Burden

Because low-income households have a higher energy burden (percent of income spent
on energy) than average households, energy efficiency alone can benefit them more
acutely compared to the average. Numerous studies have shown that low-income
households spend a much higher proportion of their income on energy (two to five
times) than the average household (Power 2007, Norton and Brown 2014, Rose and
Hawkins 2020). See the energy cost savings sections in each measure section for an
estimate of energy cost savings from the current proposals. Moreover, utility cost
stability is typically more important to these households compared to average
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households; for households living paycheck to paycheck, an unexpectedly high energy
bill can keep that household cyclically impoverished (A. L. Drehobl 2020). Energy
burdened households are 175 to 200 percent more likely to remain impoverished for
longer than households not experiencing energy burden (A. L. Drehobl 2020).The
impact of a rate increase or weather-related spike is more easily handled the greater the
efficiency of the home. The cost impacts of efficiency and renewables can be
significantly different for those in subsidized housing (where the total rent plus utilities is
controlled) versus those in single family homes or market-rate multifamily buildings.

2.1.2.3 First Cost and Cost of New Construction

One potential negative consequence to DIPs of code-based efficiency improvements is
the potential for increased housing costs. While some of the proposed code measures
would decrease construction costs or have no impact on construction costs, others
would increase construction costs. For those proposed code measures that would
increase construction costs, this increase is likely to be small compared with total
development and construction costs. However, a study found that increased
construction costs do not have a statistically significant impact on home prices, as
prices in the new home market are driven overwhelmingly by demand (Stone,
Nickelsburg and Yu, New Home Cost v. Price Study 2018). According to a peer-
reviewed study done for the California Tax Credit Allocation Committee (CTCAC), land
costs and developer characteristics (size, experience, and profit structure of the firm)
have the most significant effect on affordable housing costs (CTCAC 2014). The 2014
study echoes the same findings in CTCAC’s cost study prepared in 1996 as well as the
2015 study by Stone et al. (Stone, Nickelsburg and Yu, Codes and Standards White
Paper: Report - New Home Cost v. Price Study 2015). Similarly, developers of market-
rate apartments conduct studies to investigate rent history and other information for
comparable multifamily properties, which informs rent levels for specific projects®.

2.1.2.4 Cost Impacts for Renters

Renters within DIPs can also benefit from home energy efficiency improvements.
Whether market rate or affordable, utility bills would be lower to the degree their homes
are more energy efficient. However, the utility bill impacts of energy efficiency in
subsidized affordable housing is less clear, since CTCAC staff regularly review tax
credit properties to assure that affordable housing renters pay utility bills virtually equal
to the utility cost estimates that were used when establishing rents (Internal Revenue
Service, Treasury 2011). Renters of market-rate housing seldom ask about energy

4 As examples, Yardi-Matrix: https://www.yardimatrix.com/Property-Types/Multifamily,
HCA: https://apartmentstudy.gr8.com/, and Foley &
Puls: http://foleypuls.com/apartment _market research.html conduct market studies.
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efficiency and utility bills,5 so efficiency has little impact on rents, whereas it can have a
large impact on utility bills (NMHC 2022).

2.2 Specific Impacts of the Proposal

The Statewide CASE Team examined how the proposed measures in this report might
specifically impact DIPs. Details for measure-specific impacts can be found in Sections
3.6,4.6,5.6,6.6, 7.6, 8.6, 9.6, and 10.6. Select examples of impacts include lower
construction costs, lower energy costs, and improved hot water delivery performance.

2.2.1 Potentially Impacted Populations

e The following potentially impacted populations are potentially impacted by
multiple proposed measures. Low-income Californians are 39 percent more likely
to live in multifamily housing than the general population, and low-income
multifamily residents would be uniquely impacted by proposed measures. This is
because the proposals impact construction costs, energy costs, and hot water
delivery performance to name a few.

e For projects with gas water heaters, multiple measures would result in slight
reductions of gas energy use and associated combustion by-products. The
reduction of combustion by-products would benefit multifamily residents that live
in the areas identified by CalEnviroScreen as “DACs”, since these residents live
in areas that are “disproportionately affected by environmental pollution and other
hazards”, which include higher outdoor (ambient) PM2.5 and traffic (CALEPA
2022)

2.2.2 Potential Impacts

The Statewide CASE Team anticipates the following impacts to DIPs from multiple of
the proposed measures:

2.2.2.1 Impacts on Construction Costs

Some of the measures would result in lower construction costs for new construction,
while others would increase construction costs. These impacts on construction costs for
new construction may be offset by higher rents or the purchase price of the dwelling
units, putting a higher burden on low-income households and residents in low-income
census tracts. If these cost savings are passed on to building occupants as lower rent or
purchase price, there could be a positive impact on low-income households and
residents in low-income census tracts. If these additional costs are passed on to

5 According to manager and renter surveys conducted by the Multi-Housing Council in 2022, residents are
interested in internet connectivity, package delivery services, gyms, and similar amenities. Smart
thermostats were the only energy related feature they reported as essential or nearly so.
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building occupants as higher rent or purchase price, there could be a negative impact
on low-income households and residents in low-income census tracts.

2.2.2.2 Reduction in Energy Costs

Most of the measures result in energy cost savings, which would provide a higher
benefit to people in low-income households and low-income census tracts who spend a
higher percentage of their income on energy than the general population.

2.2.2.3 Improved Hot Water Delivery Performance

Several of the measures result in improved hot water delivery performance, reducing
excess water use and risk of waterborne pathogens which would provide a higher
benefit to the people in low-income households and low-income census tracts who
spend a higher percentage of their income on utilities than the general population and
may have increased healthcare costs.

2.2.2.4 Increased Resilience

With electrification, buildings can be connected to microgrids with solar and wind
generation and battery storage. This can be beneficial during periods of power outages
and natural disasters. Most new gas appliances rely on electricity to operate, and
natural gas systems can also be affected during natural disasters, therefore debunking
the myth that gas appliances are more reliable in case of an outage. By combining
building electrification with clean generation from a microgrid and backup storage, all-
electric homes can continue to operate and provide power to life sustaining equipment
during a grid outage. Also, methane gas is a maijor fire risk during an earthquake and
can cause fires as documented in California’s 2022 study.

Furthermore, as wealthier customers leave the gas grid, this could leave DIPs even more
vulnerable to a failing and expensive gas grid as utilities must decide if they want to
continue investing money in a system that is becoming obsolete and expensive to operate.

2.2.2.5 Improved Air Quality

Several of the measures would result in reduced on-site combustion of natural gas,
either by increased efficiency of the domestic hot water system, or by reducing the
barriers to future retrofit to HPWH. These reductions in natural gas use impact air
qualify and have unique health benefits for DIPs as described in detail in Section 2.1.2.1
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3. CPC Appendix M Pipe Sizing

3.1 Measure Description

3.1.1 Proposed Code Change

This proposal recommends using pipe sizing methodology based on California
Plumbing Code (CPC) Appendix M in lieu of the standard practice CPC Appendix A.
Specifically, this measure would add a prescriptive requirement in Section 170.2(d) for
sizing water pipes according to CPC Appendix M for central DHW systems in
multifamily buildings. This measure would apply only to newly constructed multifamily
buildings. The proposal would require minor updates to the compliance software. This
measure would not add field verification or acceptance tests. Sizing water pipes
according to CPC Appendix M is currently a compliance credit in California Building
Energy Code Compliance (CBECC) 2022.

As a state agency with jurisdiction over multifamily buildings, the Department of Housing
and Community Development (HCD) proposed to adopt UPC Appendix M into the CPC
as part of 2022 Intervening Code Cycle. The California Building Standards Commission
approved final adoption of UPC Appendix M on August 1, 2023. Next, UPC Appendix M
will be published into CPC on January 1, 2024, and will be available for statewide use
on a voluntary basis on July 1, 2024.

3.1.2 Justification and Background Information

3.1.2.1 Justification

Standard practice pipe sizing is based on CPC Appendix A. CPC Appendix A uses the
water supply fixture units approach and is based on estimated demand curve chart,
referred to as Hunter’s curve, to estimate maximum water demand in each piping
section and calculate pipe diameter for that section based on water velocity and
pressure drop. Appendix A sizing uses outdated fixture flows and conservative flow
diversity in pipes upstream of multiple fixtures.

CPC Appendix M contains a performance-based pipe sizing calculation procedure that
accounts for California code-required, low-flow fixtures, and it uses a large dataset of
flow diversity in real buildings to create a more accurate prediction of peak flow.

While CPC requirements do not apply to the heating plant piping, the practice of using
Appendix M to reduce the maximum cold and hot water distribution flow rate
requirements results in pipe diameter sizing reductions at the heating plant. The plant
piping applicable to size reductions include piping between primary storage tanks, as
well as the temperature maintenance tank and outlet to the master mixing valve (MMV).
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The pipe sizing reductions at the heating plant leads to additional heat loss reductions
of the wider hot water distribution system, which was not modeled in the last code cycle.

CPC Appendix M pipe sizing procedure results in smaller pipe sizes than standard
practice sizing, which results in lower energy costs from reduced hot water distribution
system and heating plant pipe heat losses due to reducing the pipe, fitting, and
appurtenance surface area for which heat is lost to the ambient environment. CPC
Appendix M procedure typically reduces distribution system first costs for the builder
with lower material and labor savings because of reduced cold water, reclaimed water
(if applicable), and hot water piping diameter in the distribution loop and heating plant.
This includes reduced costs for cold-water equipment such as backflow preventers,
pressure reducing valves, and booster pumps.

Appendix M typically results in smaller diameter cold, reclaimed water and hot water
distribution, and heating plant piping than standard practice sizing. Smaller diameter
piping results in lower project first costs for piping, fittings, appurtenances, and pipe
insulation as well as reduced water and wastewater capacity charges in jurisdictions
that charge a fee based on mains meter size.

The smaller pipe size would improve water quality in the piping due to shorter water
dwell times (Steffi Becking, et al. 2023). It would result in faster hot water delivery times
in non-recirculated sections, leading to water savings. It likely would result in a reduction
in need of mains water meter in standalone multifamily buildings or mixed-use buildings
where there are separate mains meters for irrigation, retail, and dwelling units. This
would lead to lower building water utility monthly service charges and water and
wastewater capacity charge savings for the builder in jurisdictions that base charges on
the mains water meter size. The water savings and construction and operating savings
from mains water meter size reduction are not quantified further in terms of measure
cost savings for this measure.

3.1.2.2 Background Information

Appendix M was added to the UPC in 2018 and includes an alternative pipe sizing
procedure. The Appendix M addition was the first major water pipe sizing update in 80
years. The Appendix M sizing methodology is being widely circulated and utilized
among designers and is supported by IAPMO’s WDC. The Appendix M pipe sizing
procedure is included in the 2021 UPC and in Appendix C of the 2020 Water Efficiency
and Sanitation Standard (WE-Stand).

The IAPMO WDC is a tool used to size pipes according to the CPC/UPC Appendix M
(Buchberger, et al. 2017). The authors of this tool developed the sizing methodology in
response to the increased prevalence of low-flow fixtures. The previous Hunter’s
curveffixture units sizing method assumed outdated gallons per minute (GPM) rating for
each fixture type (sink, water closet, shower, etc.), and used outdated data on diversity
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of flow in pipes upstream of multiple fixtures. CPC Appendix M and the IAPMO WDC
account for modern low-flow fixtures required in California code, and they use a large
new dataset of flow diversity in real buildings to create a more accurate prediction of

peak flow for pipe sizing.

Data published on actual peak flow rates in 16 multifamily buildings comparing UPC
Appendix A and Appendix M estimations substantiate using Appendix M as the new
baseline for cold and hot water pipe diameter sizing tool (Klein 2021) (Steffi Becking, et
al. 2023).

Outside of California, the following jurisdictions have adopted UPC Appendix M into
their plumbing code: Hawaii, Nevada, New Mexico, North Dakota, Oregon, and the City
of Seattle and King County, Washington. Wisconsin has approved the WDC as an
alternative standard. In California, Appendix M can only be used in Foster City, City of
San Jose, City of Oakland, and County of Santa Cruz, which have adopted Appendix M
in their municipal codes.

As a state agency with jurisdiction over multifamily buildings, HCD proposed to adopt
UPC Appendix M into the CPC as part of 2022 Intervening Code Cycle. The California
Building Standards Commission approved final adoption of UPC Appendix M on August
1, 2023. Next, UPC Appendix M will be published into CPC on January 1, 2024, and will
be available for statewide use on a voluntary basis on July 1, 2024.

As a code change proposal, Appendix M originated within the Statewide CASE Team in
the 2022 Title 24, Part 6 update cycle, and it was added as a compliance credit in
CBECC 2022 because of Statewide CASE Team efforts. The 2022 Title 24, Part 6
Statewide CASE Team found that there is interest in using Appendix M for design
calculations, but stakeholder conversations, designer interviews, and a review of the
American Society of Plumbing Engineers (ASPE) Connect forum show there is limited
market adoption (ASPE n.d.).

3.1.3 Summary of Proposed Changes to Code Documents

The sections below summarize how the standards, Reference Appendices, Alternative
Calculation Method (ACM) Reference Manuals, and compliance forms would be
modified by the proposed change.® See Section 11 of this report for detailed proposed
revisions to code language.

The prescriptive approach for water heating systems would incorporate code language
requiring the use of CPC Appendix M for distribution systems serving individual and
multiple dwelling units. The IAPMO Appendix M WDC could be integrated into CBECC

6 Visit EnergyCodeAce.com for trainings, tools, and resources to help people understand existing code
requirements.
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software to accept inputs and provide outputs for all calculated sections of pipe
comprehensively, which would make it easier for building departments to review.

3.1.3.1 Specific Purpose and Necessity of Proposed Code Changes

Each proposed change to language in Title 24, Part 11 and Part 6 as well as the
reference appendices to Part 6 are described below. See Section 11.2 of this report for
marked-up code language.

Section: 170.2(d)

Specific Purpose: The specific purpose of this addition is to establish CPC Appendix M
Pipe Sizing as a prescriptive requirement to improve and standardize hot water system
pipe sizing.

Necessity: The addition is necessary to reduce hot water pipe heat losses to increase
energy efficiency via cost-effective building design standards, as directed by California
Public Resource Code Sections 25213 and 25402.

3.1.3.2 Specific Purpose and Necessity of Changes to the Nonresidential
and Multifamily ACM Reference Manual

The purpose and necessity of proposed changes to the Nonresidential and Multifamily
ACM Reference Manual are described below. See Section 11.4 of this report for the
detailed proposed revisions to the text of the ACM Reference Manual.

Sections: 6.11 DHW

Specific Purpose: The specific purpose is to provide guidance on using CPC Appendix
M Pipe Sizing as the standard design to reduce hot water distribution losses and update
the dwelling unit distribution system subsection and central system distribution
subsection.

Necessity: These changes are necessary to describe how the compliance software
would account for pipe sizing using CPC Appendix M methodology and mention the
energy compliance penalty if CPC Appendix A is used.

3.1.3.3 Summary of Changes to the Nonresidential and Multifamily
Compliance Manual

Chapter 11.6 of the Nonresidential and Multifamily Compliance Manual would need to
be revised. Specifically, it would require adding a summary of the measure to the
“What’'s New” section under 11.6.1.2. Additions to Section 11.6.4 Multifamily distribution
systems would describe the change and impact on hot water systems serving individual
dwelling units and multiple dwelling units. Additions to Section 11.6.6 Systems Serving
Individual Units and Section 11.6.7 Systems Serving Multiple Dwelling Units would be
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needed. Specifically in Subsection 11.6.6.3 and 11.6.7.2 and 11.6.7.6 Prescriptive
Requirements would discuss the Appendix M pipe sizing requirement and in Subsection
11.6.6.4 and 11.6.7.3 and 11.6.7.7 Performance Approach would discuss the Appendix
M compliance option and system multipliers.

3.1.3.4 Summary of Changes to Compliance Forms

The proposed code change would modify the compliance forms listed below.

e 2022-LMCC-PLB-E: Domestic Water Heating: Low-Rise Multifamily
Certificate of Compliance Domestic Water Heating: Adds a prescriptive
requirement question on if the design team has selected Appendix A or Appendix
M for distribution pipe sizing and documented it on the building plans.

e 2022-NRCC-PLB-E: Domestic Water Heating: Nonresidential Certificate of
Compliance Domestic Water Heating: Adds a prescriptive requirement
question on if the design team has selected Appendix A or Appendix M for
distribution pipe sizing and documented it on the building plans.

e 2022-LMCI-PLB-E: Domestic Water Heating: Low-Rise Multifamily
Certificate of Inspection Domestic Water Heating: Adds a prescriptive
requirement question on if the construction team has installed distribution pipe
sizing in accordance with Appendix A or Appendix M as specified on building
plan documents.

e 2022-NRCI-PLB-E: Domestic Water Heating: Nonresidential Certificate of
Inspection Domestic Water Heating: Adds a prescriptive requirement question
on if the construction team has installed distribution pipe sizing in accordance
with Appendix A or Appendix M as specified on building plan documents.

3.1.4 Regulatory Context
CPC Appendix M Pipe Sizing has been adopted voluntarily by three jurisdictions:
e Foster City: Part of Ordinance 654, amendment to the 2022 California Building
Standards (Foster City 2023).

o Chapter 15.16 adoption of CPC Appendix M was included as part of the
wider adoption of the 2018 Edition of the CPC.

e San Jose: Design team may choose one of three design paths (City of San Jose
2023).

o Chapter 24.04.120 Adoption of CPC Appendix M was included as part of
the wider adoption of the 2022 Edition of the CPC.

e Oakland: Municipal Code Section 15.04.3.5065 (City of Oakland 2023)

o Ordinance to Adopt Appendix M of the 2022 CPC, California Code Of
Regulations, Title 24, Part 5, Peak Water Demand Calculator.
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e Santa Cruz: Title 12 Building Regulations Section 12.10.235 2022 (County of
Santa Cruz 2022)

o (C) Water Demand Calculator Amendment. Appendix M of the 2022
California Plumbing Code is hereby adopted.

These cities may have a compliance process that can provide guidance for the CEC,
state agencies, and other jurisdictions on how to best implement this new pipe sizing
option.

The proposed changes relate to existing state agency regulations including BSC, DSA,
HCAI, and HCD. Each agency decides whether to adopt Appendix M for the buildings in
their jurisdictions. If adopted, the CPC Matrix Adoption Table in the CPC would then be
updated for guidance (non-regulatory) purposes for each state agency and building
application. Based on final adoption by CBSC of the HCD proposal, the Matrix Adoption
Table would be revised to allow for the use of CPC Appendix M for pipe sizing for
residential applications.

3.1.4.1 Determination of Inconsistency or Incompatibility with Existing
State Laws and Regulations

This proposal does not conflict with municipal code in Foster City, City of San Jose, City
of Oakland, and County of Santa Cruz, which already adopted UPC Appendix M for
pipe sizing as an alternative pipe sizing method. Moreover, the procedures developed in
each of the municipalities to review pipe sizing methodology may provide an opportunity
for the CEC to get insight into the existing implementation and review process.

This Title 24, Part 6 proposal does not conflict with the CPC in Title 24, Part 5 since
CBSC approved CPC Appendix M adoption into the 2022 CPC during 2022 Intervening
Code Cycle. Given that builders can simply choose to use the CPC Appendix M
procedure starting July 1, 2024, the proposed prescriptive measure can proceed
through CEC rulemaking process. If approved, the proposed prescriptive measure will
come into effect on January 1, 2026.

3.1.4.2 Duplication or Conflicts with Federal Laws and Regulations

There are no relevant federal laws or regulations.

3.1.4.3 Difference From Existing Model Codes and Industry Standards

UPC is a model code developed by IAPMO to govern the installation and inspection of
plumbing systems. The IAPMO WDC is a tool developed to size pipes according to the
CPC/UPC Appendix M (Buchberger, et al. 2017). The proposed measure aligns with the
model code and is enhanced by the WDC tool.
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3.1.5 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. Section 3.2 presents how the proposed changes could
impact various market actors.

The compliance verification activities related to this measure that need to occur during
each phase of the project are described below:

Design Phase: Plumbing designers would perform pipe sizing calculations and
design tasks based on CPC Appendix M method. This method is like the existing
Appendix A process, except the fixture unit calculation and use of Hunter’s curve
chart is substituted by the IAPMO WDC spreadsheet to calculate flow rate for
each section of pipe. The rest of the pipe sizing process to determine the number
of fixtures and size pipe diameter for each pipe section based on water velocity
and pressure drop remains unchanged.

o Plumbing designer would perform pipe sizing calculations and design
based on CPC Appendix A method.

o Energy consultant would assist building designer by providing energy
compliance documentation required for CPC Appendix M pipe sizing.

o Energy consultant would provide LMCC/NRCC compliance
documentation.

Permit Application Phase: Plumbing designers would provide design
documentation. Designers would indicate on the compliance form which
plumbing plan sheets include the IAPMO calculations. Building department plan
inspector would need to understand and review Appendix M sizing reported in
the LMCC/NRCC compliance form.

o Compliance documents are submitted with the building permit application.

Construction Phase: No compliance or enforcement changes are anticipated as
the contractors would follow pipe sizing specified design documents as usual.

o HERS Rater would complete acceptance testing prior to inspection.
Inspection Phase: There would be no impact on inspection activities.

o Certificate of Installation, LMCI/NRCI, would be completed by the
installation contractor.

o Authority having jurisdiction building department field inspector would
perform field acceptance testing.
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3.2 Market Analysis

The Statewide CASE Team performed a market analysis with the goals of identifying
current technology availability, current product availability, and market trends. The
Statewide CASE Team considered how the proposed standard may impact the market
in general as well as individual market actors. The Statewide CASE Team gathered
information about the incremental cost of complying with the proposed measure and
estimated market size and measure applicability through research and outreach with
stakeholders including designers, contractors, energy consultants, and building
inspectors.

3.2.1 Current Market Structure

In addition to conducting personalized outreach, the Statewide CASE Team discussed
the current market structure and potential market barriers during a public stakeholder
meeting that the Statewide CASE Team held on February 17, 2023.

The Statewide CASE Team reviewed 50 multifamily project drawings and data from
several new construction and retrofit programs, the CEC’s Electric Program Investment
Charge (EPIC) program field projects as well as the Dodge Data & Analytics Database to
determine the pipe sizing methodology. The Statewide CASE Team’s review indicated
that Appendix A or 2019 CPC was used for pipe sizing, essentially all 25 project
drawings that indicated pipe sizing methodology used Appendix A, and none used
Appendix M. Interviews with two designers indicate that they use Appendix M for projects
in municipalities in other states that allow it, but they have not used it yet in California.

A city senior building inspector from a municipality that allows Appendix M sizing stated
anecdotally that only two multifamily projects out of all the projects submitted for plan
review since municipal code adoption in 2022 used Appendix M sizing, suggesting a
lack of awareness of the municipal code change and familiarity of the methodology.
Another inspector from another municipality that permits Appendix M stated that they
have not seen any Appendix M pipe sizing in the projects that they have inspected.
These municipal codes are only a few years old, and it is likely designers and
developers are not aware of the Appendix M option.

Plumbing materials supply and installation markets would not change for this measure,
because the only change would be use of smaller pipe sizing in portions of the DHW
heating plant piping and distribution system. Pipes used for DHW distribution are the
same pipes used in HVAC systems and commercial and industrial facilities, so they are
widely available through retail, online, and distributor distribution channels. Multifamily
pipe sizes and quantities are a small portion of the overall hydronic and water distribution
market, so changes in pipe size demands would not impact the supply chain. It may, in
the long term, reduce piping material weight, further lowering purchase cost.
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3.2.2 Technical Feasibility and Market Availability

The Statewide CASE Team determined that Appendix M Pipe Sizing is technically
feasible for adoption as a prescriptive measure based on literature review, field
monitored flowrate data, adoption into city municipal codes in California, adoption into
city and state plumbing codes outside California, interviews with designers, support
from a wide range of stakeholders, and other considerations.

This prescriptive measure is now feasible with the approved updates to the CPC in the
Appendix M Matrix Adoption Table to show HCD adoption of Appendix M as an optional
sizing method, which would be effective statewide on July 1, 2024.

3.2.2.1 Literature Review

The Statewide CASE Team reviewed several IAPMO publications and literature from
many sources to access technical feasibility and market availability, including:

IAPMO Publications:

e Peak Water Demand Study (Buchberger, et al. 2017)

e Water Demand Calculator User Guide (IAPMO 2019)

e Water Demand Calculator Study (Santec Architecture Inc. 2020)

e Material and Labor Cost Savings Potential Summary Report (Santec
Architecture Inc. 2021)

¢ A Review of Connection Fees and Service Charges by Meter Size (Alliance for
Water Efficiency 2021)

e Water Demand Calculator Version 2.1 (IAPMO 2022)

Other Sources:

¢ Alternative Methodology for Sizing Water Pipes (Steffi Becking, et al. 2023)

e Appendix M Fact Sheet (CalWEP 2021)

e Extending the Water Demand Calculator to Commercial and Institutional
Buildings (Toritseju Omaghomi 2022)

e Factsheet on UPC Appendix M (C&S_Reach_Code 2022)

e |APMO Applauds Passage of U.S. Federal Premise Plumbing Research
Legislation (World Plumbing Council 2022)

e The Water Demand Calculator Leaves Home (PHCC-National Association 2021)

e UC Calculator Drives Water Efficiency in Homes (Pytel 2019)

e Water Sizing Example Thru Appendix A UPC (BG's Plumbing Class 2021)
e California Reach Code program report
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3.2.2.2 Monitored Flowrate Data

In the 2022 CASE process, stakeholders asked if there is a risk of smaller pipe sizes not
being able to meet peak hot water demand. The Statewide CASE Team believes the risk
of under sizing is small based on the data and history behind Appendix M. A large portion
of the field data used in the WDC for Appendix M was from field data in multifamily
buildings (Buchberger, et al. 2017). More recent data, shown in Figure 1 below, compares
the monitored data from 16 multifamily buildings to the peak water demand based on
Appendix A and Appendix M sizing methodologies. The graph shows that Appendix M is
a conservative approach compared to actual peak water flow in all buildings. This chart
was part of a larger memorandum developed by Gary Klein that was submitted to the
CBSC staff in 2021, which proposes Appendix M be adopted by state agencies during the
2022 CPC intervening code cycle.

Figure 1: Comparing UPC Appendix A and M design predictions to actual
multifamily building peak flow rates.

Source: (Klein 2021), (Steffi Becking, et al. 2023).

3.2.2.3 Municipal Code Adoption in California

The following jurisdictions have adopted CPC Appendix M in their municipal code:
Foster City, City of San Jose, City of Oakland, and County of Santa Cruz.
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3.2.2.4 Plumbing Code Adoption Outside California

The following jurisdictions have adopted UPC Appendix M into their plumbing code:
Hawaii, Nevada, New Mexico, North Dakota, Oregon, and the City of Seattle and King
County, Washington. Wisconsin has approved the WDC as an alternative standard.

3.2.2.5 Adapting to New Pipe Sizing Method

The overall design process to size distribution piping with Appendix A and M is not very
different as noted in the compliance and enforcement section. Designers that have not
used Appendix M would need to learn a new calculation procedure for Appendix M,
although the learning curve should be quick because the WDC spreadsheet tool is
available for free from IAPMO, and it can be integrated into the existing design process
to easily or automatically input results in the design plan drawing software.

3.2.2.6 Stakeholder Support

Appendix M pipe sizing methodology is supported by a wide range of stakeholders as
evidenced by funding research, advocacy efforts including fact sheets, presentations,
articles, industry partnerships, and developing model plumbing code:

¢ Alliance for Water Efficiency

e ASPE

e California Codes and Standards Reach Codes Team
e California Water Efficiency Partnership

e |IAPMO

e National Institute of Standards and Technology

e Plumbing-Heating-Cooling Contractors—National Association
e Plumbing Manufacturers International

e U.S. Environmental Protection Agency

e University of Cincinnati

e World Plumbing Council

3.2.2.7 Other Considerations

Appendix M sizing is a passive measure that would persist for the life of the materials,
and energy savings in a typical building would not diminish over time. There is no
maintenance required. The smaller diameter piping materials are widely available at
plumbing supply warehouses.

The new pipe sizing procedure may require increased designer calculation time in the
short term. Appendix A Fixture Unit calculation is linear and easy to set up in tables,
using the water supply demand chart (Hunter’s curve) to calculate flow rate. Setting up
and running the IAPMO WDC spreadsheet for each section of pipe would initially take
longer as well, which includes the time to integrate data into existing processes. Design

2025 Title 24, Part 6 Final CASE Report — Multifamily Domestic Hot Water | 21



processes would mature with a streamlined Appendix M design application or custom
calculation to save time. WDC is more precise than look up charts, and there is potential
for automation or scripting to eventually become a faster process than Appendix A. The
IAPMO Appendix M WDC should be considered for integration into CBECC software to
accept inputs and compile outputs for all calculated sections of pipe comprehensively.
By providing a compliance form tabulation and print to file option, the CBECC software
would make it easier for designers and energy consultants to generate and print
documents and building departments to review.

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 2025 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
to remain compliant with changes to design practices and building codes.

California’s construction industry comprises approximately 93,000 business
establishments and 943,000 employees (see Table 14). For 2022, total estimated
payroll would be about $78 billion. Nearly 72,000 of these business establishments and
473,000 employees are engaged in the residential building sector, while another 17,600
establishments and 369,000 employees focus on the commercial sector. The remainder
of establishments and employees work in industrial, utilities, infrastructure, and other
heavy construction roles (the industrial sector).

Table 14: California Construction Industry, Establishments, Employment, and
Payroll in 2022 (Estimated)

Establish| Emplo Annual

Building Type Construction Sectors ploy Payroll
ments ment TTH

(Billions $)

Residential 71,889 472,974 31.2
Residential Bundlng Construction Contractors 27,948 130,580 9.8
Residential Foundation, Structure, & Building Exterior 7,891 83,575 5.0
Residential Building Equipment Contractors 18,108 125,559 8.5
Residential Building Finishing Contractors 17,942 133,260 8.0
Commercial All 17,621 368,810 35.0
Commercial Building Construction Contractors 4919 83,028 9.0
Commercial Foundation, Structure, & Building Exterior 2,194 59,110 5.0
Commercial Building Equipment Contractors 6,039 139,442 13.5
Commercial Building Finishing Contractors 4,469 87,230 7.4
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Establish| Emplo o alil]

Building Type Construction Sectors ploy Payroll
ments ment _—

(Billions $)

Industrial, Utilities,

Infrastructure, & 4,206 101,002 1.4
Other (Industrial+)

Industrial+ Building Construction 288 3,995 0.4
Industrial+ Utility System Construction 1,761 50,126 55
Industrial+ Land Subdivision 907 6,550 1.0
Industrial+ Highway, Street, and Bridge Construction 799 28,726 3.1
Industrial+ Other Heavy Construction 451 11,605 14

Source: (State of California n.d.)

The proposed change to Appendix M would likely affect residential builders, but it would
not impact firms that focus on construction and retrofit of industrial buildings, utility
systems, public infrastructure, or other heavy construction. The effects on the residential
and commercial building industry would not be felt by all firms and workers, but rather
would be concentrated in specific industry subsectors. Table 15 shows the residential
building subsectors the Statewide CASE Team expects to be impacted by the changes
proposed in this report. This proposed change would have minimal impact on
multifamily general contractors and plumbing contractors as downsizing of piping
slightly reduces material and labor cost for installation, thus slightly lower revenue. The
Statewide CASE Team’s estimates of the magnitude of these impacts are shown in
Section 3.2.4.

Table 15: Specific Subsectors of the California Residential Building Industry by
Subsector in 2022 (Estimated)

Annual
Residential Building Subsector Establishments| Employment Payroll
(B|II|ons $)

New multifamily general contractors 6,344
New housing for-sale builders 189 3,969 0.5
Residential plumbing and HVAC contractors 9,852 75,404 51

Source: (State of California n.d.)

3.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with changing building codes is within the normal
practices of building designers. Building codes (including Title 24, Part 6) are typically
updated on a three-year revision cycle and building designers and energy consultants
engage in continuing education and training to remain compliant with changes to design
practices and building codes.
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This code change would not impact the workflow of a builder. It would slightly negatively
impact the workflow at the onset of a building designer, architect, engineer, and/or
energy consultant, as they adjust design and collaboration processes for this Appendix
M pipe sizing methodology. Being that this calculator is digital, there is an opportunity to
minimize error with sizing process and automate it, thus saving time and minimizing
design or construction change orders.

Businesses that focus on residential, commercial, institutional, and industrial building
design are contained within the Architectural Services sector (North American Industry
Classification System [NAICS] 541310). Table 16 shows the number of establishments,
employment, and total annual payroll for Building Architectural Services. The proposed
code changes would potentially impact all firms within the Architectural Services sector.
The Statewide CASE Team anticipates the impacts for CPC Appendix M Pipe Sizing to
affect firms that focus on multifamily construction.

There is not a NAICS’ code specific to 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.8 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 16 provides an upper bound indication of the size of this sector in California.

7 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.

8 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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Table 16: California Building Designer and Energy Consultant Sectors in 2022
(Estimated)

. Annual Payroll

Architectural Services® 4,134 31,478 3,623.3
Building Inspection Services' 1,035 3,567 280.7
Source: (State of California n.d.)

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 (DOSH). 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. This proposed code
change would have positive public health impact, reduce safety risk, and improve water
quality due to shorter water dwell time in cold and hot water distribution systems.

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

Residential Buildings

According to data from the U.S. Census, American Community Survey (ACS), there
were more than 14.5 million housing units in California in 2021 and nearly 13.3 million
were occupied (see Table 17). Most housing units (nearly 9.42 million) were single family
homes (either detached or attached), approximately 2 million homes were in buildings
containing two to nine units, and 2.5 million homes were in multifamily buildings
containing 10 or more units. The California Department of Revenue estimated that
building permits for 67,300 single family and 54,900 multifamily homes would be issued
in 2022, up from 66,000 single family and 53,500 multifamily permits issued in 2021.

Table 17: California Housing Characteristics in 20211

Housing Measure _____ Estimate

Total housing units 14,512,281

9Architectural Services (NAICS 541310) comprises private-sector establishments primarily engaged in
planning and designing residential, institutional, leisure, commercial, and industrial buildings and
structures.

10 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.

"1 Total housing units as reported for 2021; all other housing measures estimated based on historical
relationships.
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Housing Measure _____ Estimate |

Occupied housing units 13,291,541
Vacant housing units 1,220,740
Homeowner vacancy rate 0.7%
Rental vacancy rate 4.3%
Number of 1-unit, detached structures 8,388,099
Number of 1-unit, attached structures 1,030,372
Number of 2-unit structures 348,295
Number of 3- or 4-unit structures 783,663
Number of 5- to 9-unit structures 856,225
Number of 10- to 19-unit structures 740,126
Number of 20+ unit structures 1,828,547
Mobile home, RV, etc. 522,442

Sources: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) n.d.)

Table 18 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 maijority 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 (Kenney 2019).

Table 18: Distribution of California Housing by Vintage in 2021 (Estimated)

mma
Built 2014 or later 348,296

Built 2010 to 2013 261,221 1.8 4.2
Built 2000 to 2009 1,581,839 10.9 15.1
Built 1990 to 1999 1,596,351 11.0 26.1
Built 1980 to 1989 2,191,354 15.1 41.2
Built 1970 to 1979 2,539,649 17.5 58.7
Built 1960 to 1969 1,915,621 13.2 71.9
Built 1950 to 1959 1,930,133 13.3 85.2
Built 1940 to 1949 841,712 5.8 91.0
Built 1939 or earlier 1,306,105 9.0 100.0
Total housing units 14,512,281 100.0 -

Sources: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) n.d.)
Table 19 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
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rate for households with an income below $50,000 is only 37 percent, whereas the
owner occupancy rate is 71 percent for households earning $100,000 or more.

Table 19: Owner- and Renter-Occupied Housing Units in California by Income in
2021 (Estimated)

Household Income Owner Occupied Renter Occupied

Less than $5,000 353,493 113,315 240,178
$5,000 to $9,999 254,304 74,939 179,366
$10,000 to $14,999 495,287 134,633 360,654
$15,000 to $19,999 412,498 144,064 268,435
$20,000 to $24,999 467,694 169,431 298,264
$25,000 to $34,999 906,996 355,968 551,028
$35,000 to $49,999 1,319,892 560,453 759,438
$50,000 to $74,999 2,036,560 990,769 1,045,791
$75,000 to $99,999 1,662,032 920,607 741,425
$100,000 to $149,999 2,307,889 1,490,247 817,642
$150,000 or more 3,074,895 2,337,651 737,244
Total Housing Units 13,291,541 7,292,076 5,999,465

Source: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) 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 19. Table 17 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 18 and Table 19.

Estimating Impacts

For California residents, the proposed code changes would result in lower energy bills.
The Statewide CASE Team estimates that on average the proposed change to Title 24,
Part 6 would represent a $0 increase in construction cost per multifamily dwelling unit,
and the measure would also result in an average savings of $707 in energy and
maintenance cost savings over 30 years. This is roughly equivalent to a $0 per month
increase in payments for a 30-year mortgage and a $1.96 per month reduction in
energy costs. Overall, the Statewide CASE Team expects the 2025 Title 24, Part 6
Standards to save homeowners about $24 per year relative to homeowners whose
dwelling units are minimally compliant with the 2022 Title 24, Part 6 requirements. As
discussed in section 3.2.4.1 when homeowners or building occupants save on energy
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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).

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

The proposed code change would have minimal impact on building component retailers,
including manufacturers and distributors. Unit counts of products would not change, just
the sizing of piping, fittings, appurtenances, pipe supports, and insulation would be
slightly reduced leading to slight revenue reduction for building component retailers.

3.2.3.6 Impact on Building Inspectors

Table 20 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 education and training to stay
current on all aspects of building regulations, including energy efficiency. Therefore, the
Statewide CASE Team anticipates the proposed change would have no impact on
employment of building inspectors or the scope of their role conducting energy
efficiency inspections.

Table 20: Employment in California State and Government Agencies with Building
Inspectors in 2022 (Estimated)

Annual PayroII

Administration of Housing State 29.0
Programs’? Local 38 3,060 248.6
Urban and Rural State 38 764 71.3
Development Admin™ Local 52 2,481 211.5

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

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 sector of the California

2 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.

3 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.
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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 the
proposed change in Appendix M 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 Appendix M 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 2025 code cycle, the Statewide CASE Team used the IMPLAN model
software,'* along with economic information from published sources and professional
judgement to develop estimates of the economic impacts associated with each of the
proposed code changes. Conceptually, IMPLAN estimates jobs created as a function of
incoming cash flow in different sectors of the economy, due to implementing a code or a
standard. The jobs created are typically categorized into direct, indirect, and induced
employment. For example, cash flow into a manufacturing plant captures direct
employment (jobs created in the manufacturing plant), indirect employment (jobs
created in the sectors that provide raw materials to the manufacturing plant), and
induced employment (jobs created in the larger economy due to purchasing habits of
people newly employed in the manufacturing plant). Eventually, IMPLAN computes the
total number of jobs created due to a code. The assumptions of IMPLAN include
constant returns to scale, fixed input structure, industry homogeneity, no supply
constraints, fixed technology, and constant byproduct coefficients. The model is also
static in nature and is a simplification of how jobs are created in the macro-economy.

The economic impacts developed for this report are only estimates and are based on
limited and to some extent speculative information. The IMPLAN model provides a
relatively simple representation of the California economy and, though the Statewide
CASE Team is confident that the 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 aspects of this economic analysis, the Statewide CASE Team relies on
conservative assumptions regarding the likely economic benefits associated with the
proposed code change. By following this approach, the economic impacts presented
below represent lower bound estimates of the actual benefits associated with this
proposed code change.

4 IMPLAN employs economic data and advanced economic impact modeling to estimate economic
impacts for interventions like changes to the California Title 24, Part 6 code. For more information on the
IMPLAN modeling process, see www.IMPLAN.com.
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Adoption of this code change proposal would result in relatively modest economic
savings for developers of residential buildings, and it would not impact the remodeling
industry, architects, energy consultants, and building inspectors. Indirectly, residents
would spend all or some of the money saved through lower utility bills on other
economic activities.'® There may also be some nonresidential 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 and would have
measurable economic impacts.

Table 21: Estimated Impact that Adoption of the Proposed Measure would have
on the California Residential Construction Sector

Employment Labor| Total Value
Type of Economic Impact (Jobs) Income Added
Direct Effects (Additional spending 625 ($4,953,261) $20,312,346 $24,771,648

by Residential Builders)

Indirect Effect (Additional spending by

firms supporting Residential Builders) 233 1,752,116  $2,853,721 $4,921,363

Induced Effect (Spending by

employees of firms experiencing -23.3| ($1,585,911) | ($2,839,330) ($4,519,130)
“direct” or “indirect” effects)
Total Economic Impacts -62.5 ($4,787,055) $20,326,738 $25,173,881

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.

Table 22: Estimated Impact that Adoption of the Proposed Measure would have
on the California Building Designers and Energy Consultants Sectors

. Employment Labor | Total Value
Type of Economic Impact (Jobs)| Income Added
Direct Effects (Additional spending by Building 0.3 $31.610 $31.293  $49.462

Designers & Energy Consultants)

Indirect Effect (Additional spending by firms

supporting Bldg. Designers & Energy Consultants) 0.1 $9412 $13,081  $21,057

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

Total Economic Impacts 0.6 $52,817 $65,497 $104,140
Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.

0.2 $11,796 $21,123  $33,621

5 For example, for the lowest income group, the Statewide CASE Team assumes 100 percent of money
saved through lower energy bills would be spent, while for the highest income group, the Statewide CASE
Team assumes only 64 percent of additional income would be spent.

6 IMPLAN® model, 2020 Data, IMPLAN Group LLC, IMPLAN System (data and software), 16905
Northcross Dr., Suite 120, Huntersville, NC 28078 www.IMPLAN.com
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Table 23: Estimated Impact that Adoption of the Proposed Measure would have
on California Building Inspectors

. Employment Labor| Total Value
Type of Economic Impact (Jobs) Income Added
Direct Effects (Additional spending by
Building Inspectors) 0.1 $15,947 $18,911  $22,981

Indirect Effect (Additional spending by

firms supporting Building Inspectors) 0.0  $1477 $2,300 $4,006

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

Total Economic Impacts 0.2 $22,440 $30,197  $41,289
Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.

0.1 $5,016 $8,985 $14,301

3.2.4.1 Creation or Elimination of Jobs

The Statewide CASE Team does not anticipate that the measures proposed for the
2025 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 3.2.3 , 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 designers/energy consultant 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.

3.2.4.3 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
2025 code cycle regulation would have an adverse effect on the competitiveness of

7 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.
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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)."® As Table 24 shows, between 2017 and 2021, NPDI as
a percentage of corporate profits ranged from a low of 18 in 2020 due to the worldwide
economic slowdowns associated with the COVID-19 pandemic to a high of 35 percent
in 2019, with an average of 26 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 24: 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 Corporate
Billions of Dollars of Dollars Profits (Percent)

28

2017 518.473 1882.460

2018 636.846 1977.478 32
2019 690.865 1952.432 35
2020 343.620 1908.433 18
2021 506.331 2619.977 19
5-Year Average - - 26

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

The Statewide CASE Team estimates that the sum of proposed code changes in this
report would increase investment in California by $1,310,430.

3.2.4.5 Incentives for Innovation in Products, Materials, or Processes

Typical current designer practice when sizing piping for domestic water systems is to
use CPC Appendix A, which generally results in larger pipe sizes in the piping system.
The use of Appendix M in sizing pipe would result in overall cost savings in material and
well as physical space in the building. Also, the use of Appendix M methodology would
more closely match the low flow design of the modern end-use plumbing fixtures.

8 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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3.2.4.6 Effects on the State General Fund, State Special Funds, and Local
Governments

The Statewide CASE Team does not expect the proposed code changes would have a
measurable impact on 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.

Cost to Local Governments: All proposed code changes 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 2025 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
3.2.3 and Appendix E, 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.

3.2.4.7 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 code change may result in unintended consequences. Refer to Section 3.6 for
more details addressing energy equity and environmental justice.

3.2.5 Fiscal Impacts

3.2.5.1 Mandates on Local Agencies or School Districts

There are no relevant mandates to local agencies or school districts due to the nature of
the measure in providing a fiscal benefit to the operator of school district buildings from
the water and energy savings related to this measure.
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3.2.5.2 Costs to Local Agencies or School Districts

There are no costs to local agencies or school districts due to the nature of the measure
being a cost saving plumbing measure for the developer during construction of a
building and water and energy saving measure for the operator of the building.

3.2.5.3 Costs or Savings to Any State Agency

There are no costs or savings to any state agencies due to the nature of the measure
being a cost saving plumbing measure for the developer during construction of a
building. Appendix M methodology is rooted from decades of state and federal water
and energy efficiency standards that reduced end use fixture water use in buildings and
allowed for the development of this new methodology that better matches modern end-
use water fixtures.

3.2.5.4 Other Non-Discretionary Cost or Savings Imposed on Local
Agencies

Water utilities benefit from smaller water meters being used for smaller pipes based on
Appendix M sizing. Smaller mains meters are better at detecting leaks, potentially
saving water for utilities and customers (CalWEP 2021). Conversely, water utility
monthly service charges would be reduced with the use of smaller meters impacting
revenue for water utilities. Similarly, revenue is reduced in the construction phase for
water and wastewater districts that charge developers water and sewer capacity
charges based on mains meter size.

3.2.5.5 Costs or Savings in Federal Funding to the State

There are no costs or savings to federal funding to the state due to the nature of the
measure in being a cost saving plumbing measure for the developer during a
construction of a building. Appendix M methodology is rooted from decades of state and
federal water and energy efficiency standards that reduced end use fixture water use in
buildings and allowed for the development of this new methodology that better matches
modern end-use water fixtures.

3.3 Energy Savings

The prescriptive code change proposal would increase the stringency of the existing
California Energy Code, so there would be savings on a per-unit basis.

The Statewide CASE Team gathered stakeholder input to inform the energy savings
analysis. See Appendix F for a summary of stakeholder engagement.

Energy savings benefits may have potential to disproportionately impact DIPs. Refer to
Section 3.6 for more details addressing energy equity and environmental justice.
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3.3.1 Energy Savings Methodology

The Statewide CASE Team used a recirculation heat loss spreadsheet calculator and a
heating plant pipe heat loss spreadsheet calculator to assess the energy impact of the
proposed code change. The former is for assessing pipe heat loss of recirculation-
based hot water distribution systems, and the latter is for assessing pipe heat loss of
water heating plants. Details of both spreadsheet calculators are provided in Appendix
H.

The recirculation heat loss spreadsheet calculator used pipe heat loss calculation
methods defined in the existing 2022 ACM Reference Manual. The spreadsheet
calculator includes features to handle detailed recirculation piping designs, insulation
conditions, and recirculation flow controls. In comparison, CBECC uses a simple
recirculation model with six pipe sections to streamline code compliance, but they are
not capable of assessing the energy impact of complicated recirculation system designs
found in real buildings. The recirculation heat loss calculator was used to support
energy impact analysis during the 2022 Code Cycle for multifamily DHW distribution
measures.

The plant pipe heater loss spreadsheet calculator also uses pipe heat loss calculation
methods defined in the existing 2022 ACM Reference Manual. This calculator uses a
simplified approach to handle pipe temperature variations as affected by hot water
drawers and heating equipment controls. An average pipe temperature was used for all
pipes in the water heating plant for heat loss calculation.

Based on the output of the recirculation heat loss calculator, the Statewide CASE Team
calculated site, source, and Long-term Systemwide Cost (LSC) savings as described in
following sections.

3.3.1.1 Key Assumptions for Energy Savings Analysis

The CEC directed the Statewide CASE Team to assess the energy impacts of proposed
code changes for four prototypical multifamily buildings, as shown in Table 26. Detailed
recirculation system piping configurations for these four prototypical buildings were
developed during the 2022 Code Cycle (see Appendix ) and were incorporated into the
recirculation heat loss spreadsheet calculator to assess distribution heat loss. For each
prototypical building, the Statewide CASE Team developed two types of water heating
plant: one based on HPWHSs and the other based on gas boilers. The corresponding
piping and appurtenance configurations were used to evaluate plant pipe heat loss.

Table 25 provides key assumptions for energy impact analysis for the proposed code
change. Please see Appendix H for more details.
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Table 25: Key Assumptions for Assessing Energy Impact of Using CPC Appendix
M for Pipe Sizing

Metric Key Assumption
% of pipes not insulated LowRiseGarden: 52%, LoadedCorridor: 43%
(Distribution system) MidRiseMixedUse: 38.5%, HighRiseMixedUse: 43%

% of pipes not insulated (Water

, Mo _ 0
heating plant) Straight pipes: 30%, appurtenances: 100%

Manual balancing valves set to have 0.5 GPM

Balancing valve configurations . . :
recirculation flow per riser
Recirculation flow controls None

Assumptions for both the base case (CPC Appendix A pipe sizing method for distribution system and
water heating plant) and the proposed case (CPC Appendix M pipe sizing method for distribution system
and water heating plant)

The Statewide CASE Team modeled pipe heat loss from using Appendix A and
Appendix M and calculated heat loss savings from changing from an Appendix A piping
design to an Appendix M piping design for all prototypes and climate zones. Then, the
Statewide CASE Team conducted post processing of the simulation results to calculate
per dwelling unit energy savings at the heating plant. For gas-fired HWS, the Statewide
CASE Team assumed the same distribution heat loss as HPWH, and it converted pipe
heat loss savings to plant energy savings using average heat pump operating
coefficient of performance (COP) of 3.0 and average gas-fired heater operating
efficiency of 80 percent.

3.3.1.2 Energy Savings Methodology per Prototypical Building

The CEC directed the Statewide CASE Team to assess the energy impacts of proposed
code change for four prototypical multifamily buildings, as shown in Table 26.

First, savings are calculated by fuel type. Electricity savings are measured in terms of
both energy usage and peak demand reduction. Natural gas savings are quantified in
terms of energy usage. For each prototypical multifamily building, the Statewide CASE
Team used the spreadsheet calculator to obtain hourly recirculation pipe heat loss for
both the base case and proposed recirculation system. The Statewide CASE Team then
calculated the corresponding hourly DHW system energy consumption (Therms for
natural gas systems and kWh for HPWH systems) by dividing the hourly recirculation
pipe heat loss by the heating plant efficiency. Annual site energy consumption for
recirculation system operation was obtained by summing up the hourly DHW system
energy consumption for the whole year. The first-year site energy savings (Therms/yr
for natural gas systems and kWh/yr for HPWH systems) of the proposed code change
was calculated as the difference in annual site energy consumption between the
proposed and base case recirculation systems.
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For both the base case and proposed recirculation systems, annual peak electricity
demand (kW) was calculated based on weighted average hourly kWh consumption
during grid peak hours. Both peak hours and corresponding weighting factors are
provided by the CEC. Annual peak reduction (kW) of the proposed code change was
calculated as the difference in annual peak electricity demand between the base case
and proposed recirculation systems.

Second, the Statewide CASE Team calculated source energy savings. Source Energy
represents the total amount of fuel required to operate a building. In addition to all
energy used from on-site production, source energy incorporates all transmission,
delivery, and production losses. The hourly source energy factors provided by the CEC
are strongly correlated to GHG emissions. The Statewide CASE Team calculated
source energy use in kilo British thermal units per year (kBtu/yr) by applying source
energy factors to hourly DHW system energy consumption and summing the hourly
results for the whole year. Source energy savings is calculated as the difference in
source energy use between the base and the proposed cases.

The hourly source energy values provided by the CEC are strongly correlated with GHG
emissions.'® The Statewide CASE Team calculated GHG emissions (metric tons of
carbon dioxide emissions equivalent) by applying hourly GHG emissions factors to
hourly DHW system energy consumption and summing the hourly results for the whole
year. GHG emissions reduction is calculated as the difference in GHG emissions
between the base and the proposed cases. Finally, the Statewide CASE Team
calculated LSC Savings, formerly known as Time Dependent Valuation (TDV) Energy
Cost Savings. LSC Savings are calculated using hourly energy cost metrics for both
electricity and natural gas provided by the CEC. These LSC hourly factors are projected
over the 30-year life of the building, and they incorporate the hourly cost of marginal
generation, transmission and distribution, fuel, capacity, losses, and cap-and-trade-
based CO2 emissions.'?> The Statewide CASE Team applied 2025 LSC hourly factors to
hourly DHW system energy consumption values and summed hourly results for the
whole year to obtain LSC in 2026 present value dollars (2026 PV$). LSC Savings are
the difference in LSC between the base and proposed cases.

9 See hourly factors for source energy, LSC, and GHG emissions at
https://www.energy.ca.gov/files/2025-energy-code-hourly-factors
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Table 26: Prototype Buildings Used for Energy, Demand, Cost, and Environmental
Impacts Analysis

Number |Floor Area
of (Square |Description
Stories

Prototype

Name

8-unit apartment building. Gas fired and HPWH central DHW
heater serving a central recirculation loop. Water heater is
located on one end the of building at the ground level.

LowRise 5 7 680 Distribution piping runs horizontally in ceiling of ground floor,
Garden ’ vertically up four risers, and returns in the ceiling of the second
floor.2°

Average dwelling unit size: 960 ft2. DHW Distribution: pipe size
follows CPC Appendix A for base case

36-unit apartment building. Gas fired and HPWH central DHW
heater serving a central recirculation loop. Water heater is
located in a mechanical room at the ground level. Distribution

3 40,000 |piping runs horizontally in ceiling of ground floor, vertically up
13 risers, and returns in the ceiling of the third floor. Average
dwelling unit size: 960 ft2. DHW Distribution: pipe size follows
CPC Appendix A for base case

Loaded
Corridor

(4-story residential, 1-story commercial), 88-unit building. Gas
fired and HPWH central DHW heater serving dwelling units
from a central recirculation loop. Water heater is located in a
MidRise 5 113.100 mechanical room at the ground level (commercial level).
MixedUse ’ Distribution piping runs horizontally in ceiling of second floor
(first residential level), vertically up 22 risers, and returns in the
ceiling of the fifth floor. Avg dwelling unit size: 870 ft2. DHW
Distribution: pipe size follows CPC Appendix A for base case

10-story (9-story residential, 1-story commercial), Gas fired and
HPWH central DHW heater serving dwelling units from a
central recirculation loop. Water heater is located on the roof.
Distribution piping runs horizontally in ceiling of top floor,
vertically down 26 risers. There are two pressure zones divided
vertically, each with horizontal supply and return piping.

Avg dwelling unit size: 850 ft2. DHW Distribution: pipe size
follows CPC Appendix A for base case

HighRise

MixedUse 10 125,400

There are no existing requirements in Title 24, Part 6 cover DHW system pipe sizing.
The Statewide CASE Team modified the Standard Design, so it calculated energy
impacts of the most common current design practice or industry standard practice.

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 27 presents precisely
which parameters were modified and what values were used in the Standard Design

20 This DHW Distribution CASE topic and the Central HPWH CASE topic are analyzing a central system
in the Low-Rise Garden prototype. The Low-Rise Garden prototype for other CASE topics assumes
individual water heaters for each dwelling unit.
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and Proposed Design. Specifically, the proposed conditions assume the pipe sizing

follows CPC Appendix M.

Table 27: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change

Standard Proposed

roospeln | Cimde | Onjes | Pametor Doy | Do
Value Value

LowRiseGarden All Dis?r:g\tlj\{ion Pipe sizing i?)lg)ev::(ﬁfg ;glrl)cc)avr\: dci:xpl\a

LoadedCorridor All Dis?r:-tIJ\L/J\’iion Pipe sizing iﬂ&ﬁgfg Zgg%vr: dci:xPI\C/:I

MidRiseMixedUse Al O Pipe sizing i‘sg’e";’léffg ;‘F’)L')Oe"r‘: d?XPIa

HighRiseMixedUse Al Disl’tjr:_tl\tlj\{ion Pipe sizing i‘;‘:}‘;ﬁgfg ;gg)‘;vr‘: d(i:xpl\cj

The energy impacts of the proposed code change vary by climate zone. However, the
variations in site energy savings are small (less than one percent). For the loaded
corridor prototype building, the Statewide CASE Team assessed the energy impacts in
every climate zone and applied the climate-zone specific LSC hourly factors when
calculating energy and energy cost impacts. Because the variations in site energy
savings are small for the other three prototype buildings, the Statewide CASE Team
assessed the energy impacts for four representative climate zones: 3, 9, 12, and 15,
and it extrapolated savings to the other climate zones according to the variation among
climate zones for the base case.

Per-unit energy impacts for multifamily buildings are presented in savings per residential
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. This step enables a calculation of statewide savings using the
construction forecast that is published in terms of number of multifamily dwelling units
by climate zone.

3.3.1.3 Statewide Energy Savings Methodology

The per-unit energy impacts were extrapolated to statewide impacts using the
Statewide Construction Forecasts that the Energy CEC provided. The Statewide
Construction Forecasts estimate new construction that would occur in 2026, the first
year that the 2025 Title 24, Part 6 requirements are in effect. The construction forecast
provides new construction by building type and climate zone, as shown in Appendix A,
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which also presents additional information about the methodology and assumptions
used to calculate statewide energy impacts.

3.3.2 Per-Unit Energy Impacts Results

Energy savings and peak demand reductions per unit are presented in Table 28 through
Table 34. The per-unit energy savings figures do not account for naturally occurring
market adoption or compliance rates.

For HPWH-AppM LowRiseGarden, per-unit annual savings are expected to range from
55 to 67 kWh/unit depending upon climate zones. There is no gas usage in all climate
zones for both base case and proposed case. Demand reductions are expected to
range between 7 kW and 8 kW depending on the climate zone.

For HPWH-AppM LoadedCorridor, per-unit annual savings are expected to range from
102 to 116 kWh/unit depending upon climate zones. There is no gas usage in all climate
zones for both base case and proposed case. Demand reductions are expected to
range between 12 kW and 13 kW depending on the climate zone.

For HPWH-AppM MidRiseMixedUse, per-unit annual savings are expected to range
from 115 to 137 kWh/unit depending upon climate zones. There is no gas usage in all
climate zones for both base case and proposed case. Demand reductions are expected
to range between 14 kW and 16 kW depending on the climate zone.

For HPWH-AppM HighRiseMixedUse, per-unit annual savings are expected to range
from 75 to 88 kWh/unit depending upon climate zones. There is no gas usage in all
climate zones for both base case and proposed case. Demand reductions are expected
to range between 9 kW and 10 kW depending on the climate zone.

For Gas-AppM LowRiseGarden, there are no per-unit electricity saving in all climate
zones for the base case. The per dwelling-unit natural gas savings range from 235 to
287. There are no demand reductions for any of the climate zones.

For Gas-AppM LoadedCorridor, there are no per-unit electricity saving in all climate
zones for the base case. The per dwelling-unit natural gas savings range from 769 to
829. There are no demand reductions for any of the climate zones.

For Gas-AppM MidRiseMixedUse, there are no per-unit electricity saving in all climate
zones for the base case. The per dwelling-unit natural gas savings range from 661 to
753. There are no demand reductions for any of the climate zones.

For Gas-AppM HighRiseMixedUse, there are no per-unit electricity saving in all climate
zones for the base case. The per dwelling-unit natural gas savings range from 594 to
648. There are no demand reductions for any of the climate zones.
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Table 28: Annual Electricity Savings (kWh) Per Dwelling Unit by Climate Zone (CZ) - HPWH-AppM

Poe _Ca1 Gad Cad Cad Gio Gio Gir Gia Gidiciio Gaii Gaa ey Gaik Cas i

LoleseGarden 67 61 61 61 65 60 59 58 58 59, 60/ 60 60 60 55

LoadedCorridor 116 109 109 108 113 107 105 105 106 106 107 107 107 107 102 110
MidRiseMixedUse 137 126 127 124 132 123 121 120 121 122 124 124 123 123 115 127
HighRiseMixedUse 88 81 8 81 8 8 78 78 78 79 80 8 8 80 75 82

Table 29: Annual Peak Demand Reduction (kW) Per Dwelling Unit by Climate Zone (CZ) HPWH-AppM

LowRiseGarden @ 8 7 7 7 & 7 71 7 7 7 1 1 1 1 71

LoadedCorridor 13 13 13 13 13 13 13 13 13 13 13 13 13 13 12 13
MidRiseMixedUse 16 15 15 15 16 15 14 14 14 14 15 15 15 15 14 15
HighRiseMixedUse 10 10 10 10 10 9 9 9 9 9 9 9 9 9 9 10

Table 30: Annual Source Energy Savings (kBtu) Per Dwelling Unit by Climate Zone (CZ) - HPWH-AppM

\\

LowRiseGarden 119 108 108 107 114 105 103 103 104 104 106 107 105 106 109
LoadedCorridor 198 190 191 189 194 188 184 185 186 187 189 189 188 189 180 191
MidRiseMixedUse 240 220 222 218 231 216 212 211 212 213 217 217 215 216 202 223
HighRiseMixedUse 154 142 143 141 149 140 137 137 137 138 140 140 139 140 131 144

Table 31: Annual LSC Savings (kBtu) Per Dwelling Unit by Climate Zone (CZ) - HPWH-AppM

LowRiseGarden 456 415 416 408 437 405 393 393 395 399 405 405 401 405 374 422
LoadedCorridor 778 735 738 727 759 725 707 711 713 717 724 724 720 724 688 743
MidRiseMixedUse 924 850 857 838 890 832 809 810 815 820 832 833 825 831 774 862
HighRiseMixedUse 503 550 554 542 573 539 525 526 529 532 539 540 535 538 505 557
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Table 32: Annual Natural Gas Savings (kBtu) Per Dwelling Unit by Climate Zone (CZ) — Gas-AppM

LowRiseGarden 287 261 262 259 276 255 250 248 249 252 257 265 255 256 235 264
LoadedCorridor 829 799 802 795 816 791 785 784 785 788 793 794 791 792 769 802
MidRiseMixedUse 753 706 711 701 733 695 685 683 686 689 698 698 694 697 661 712

HighRiseMixedUse 648 620 623 617 636 614 608 607 608 610 616 616 613 615 594 624

Table 33: Annual Source Energy Savings (kBtu) Per Dwelling Unit by Climate Zone (CZ) - Gas-AppM

LowRiseGarden 260 237 237 234 250 230 224 224 224 227 233 231 230 230 211 238
LoadedCorridor 751 723 726 7200 739 712 704 705 707, 709 718 718 716 713 692 722
MidRiseMixedUse 682 640 644 635 663 625 614 614 617 620 632 632 628 627 595 641

HighRiseMixedUse 586 562 564 559 576 552 545 546 547 549 557 557 555 553 534 561

Table 34: Annual LSC Savings (kBtu) Per Dwelling Unit by Climate Zone (CZ) — Gas-AppM

LowRiseGarden 343 312 313 309 330 305 300 297 208 302 307 306 304 306 281 317
LoadedCorridor 987 953 956 949 972 945 939 936 938 941 947 947 943 947 918 958
MidRiseMixedUse 899 843 849 837 875 831 821 816 820 824 834 834 829 833 790 851

HighRiseMixedUse 773 740 743 736 758 733 728 724 726 729 734 734 731 734 709 745
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3.4 Cost and Cost-Effectiveness

3.4.1 Energy Cost Savings Methodology

Energy cost savings were calculated by applying the LSC hourly factors to the energy
savings estimates that were derived using the methodology described in Section 3.3.1.
LSC hourly factors are 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. In this case,
the period of analysis used is 30 years.

The CEC requested energy cost savings over the 30-year period of analysis in both
2026 PV$ and nominal dollars. The cost-effectiveness analysis uses LSC values in
2026 PV$. Costs and cost-effectiveness using 2026 PV$ are presented in Section 3.4.5
of this report. The CEC uses results in nominal dollars to complete the Economic and
Fiscal Impacts Statement (From 399) for the entire package of proposed change to Title
24, Part 6. Appendix G: Energy Cost Savings in Nominal Dollars presents LSC savings
results in nominal dollars.

This proposed code change does not apply to additions and/or alterations.

3.4.2 Energy Cost Savings Results

Per-unit energy cost savings for newly constructed buildings that are realized over the
30-year period of analysis are presented 2026 PV$ in Table 35 through Table 42.

The LSC hourly factors methodology allows peak electricity savings to be valued more
than electricity savings during non-peak periods. This measure addresses energy
savings both during peak and non-peak hours.

Any time code changes impact cost, there is potential to disproportionately impact DIPs.
Refer to Section 3.6 for more details addressing energy equity and environmental
justice.

2025 Title 24, Part 6 Final CASE Report — Multifamily Domestic Hot Water | 43



Table 35: Present Value LSC Savings Per Dwelling Unit Table 36: Present Value LSC Savings Per Dwelling Unit

Over 30-Year Period of Analysis — New Construction & Over 30-Year Period of Analysis — New Construction &
Additions — LowRiseGarden — HPWH-AppM Additions — LoadedCorridor - HPWH-AppM
Zone Electricity Savings|  Savings (2026| LSC Savings Zone Electricity Savings|  Gas Savings| LSC Savings
(2026 PV $) PV $) | (2026 PV $) (2026 PV$)| (2026 PV §)| $) (2026 PV $)
1 $456 $456 1 $778 $778
2 $415 $o $415 2 $735 $0 $735
3 $416 $0 $416 3 $738 $0 $738
4 $408 $0 $408 4 $727 $0 $727
5 $437 $0 $437 5 $759 $0 $759
6 $405 $0 $405 6 $725 $0 $725
7 $393 $0 $393 7 $707 $0 $707
8 $393 $0 $393 8 $711 $0 $711
9 $395 $0 $395 9 $713 $0 $713
10 $399 $0 $399 10 $717 $0 $717
11 $405 $0 $405 11 $724 $0 $724
12 $405 $0 $405 12 $724 $0 $724
13 $401 $0 $401 13 $720 $0 $720
14 $405 $0 $405 14 $724 $0 $724
15 $374 $0 $374 15 $688 $0 $688
16 $422 $0 $422 16 $743 $0 $743
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Table 37: Present Value LSC Savings Per Dwelling Unit Table 38: Present Value LSC Savings Per Dwelling Unit

Over 30-Year Period of Analysis — New Construction & Over 30-Year Period of Analysis — New Construction &
Additions — MidRiseMixedUse — HPWH-AppM Additions — HighRiseMixedUse — HPWH-AppM
Climate 302::;2:;;3 30-Year LSC Gas|  Total 30-Year Climate 302{23;:;?& 30-Year LSC Gas  Total 30-Year
Zone Savings (2026 PV Savings (2026 PV LSC Savings Zone Savings (2026 PV Savings (2026 PV LSC Savings
$) $) (2026 PV $) 5) $) (2026 PV $)
1 $924 $0 $924 1 $593 $0 $593
2 $850 $0 $850 2 $550 $0 $550
3 $857 $0 $857 3 $554 $0 $554
4 $838 $0 $838 4 $542 $0 $542
5 $890 $0 $890 5 $573 $0 $573
6 $832 $0 $832 6 $539 $0 $539
7 $809 $0 $809 7 $525 $0 $525
8 $810 $0 $810 8 $526 $0 $526
9 $815 $0 $815 9 $529 $0 $529
10 $820 $0 $820 10 $532 $0 $532
1 $832 $0 $832 1 $539 $0 $539
12 $833 $0 $833 12 $540 $0 $540
13 $825 $0 $825 13 $535 $0 $535
14 $831 $0 $831 14 $538 $0 $538
15 $774 $0 $774 15 $505 $0 $505
16 $862 $0 $862 16 $557 $0 $557
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Table 39: 2026 Present Value LSC Savings Per Dwelling Table 40: 2026 Present Value LSC Savings Per Dwelling

Unit Over 30-Year Period of Analysis — New Construction & Unit Over 30-Year Period of Analysis — New Construction &
Additions — LowRiseGarden — Gas-AppM Additions — LoadedCorridor — Gas-AppM
Zone Electricity Savings Gas Savings LSC Savings Zone Electricity Savings | Savings (2026 PV| LSC Savings
(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV §)| $) %) (2026 PV §)|
1 $0 $343 $343 1 $987 $987
2 $0 $312 $312 2 $0 $953 $953
3 $0 $313 $313 3 $0 $956 $956
4 $0 $309 $309 4 $0 $949 $949
5 $0 $330 $330 5 $0 $972 $972
6 $0 $305 $305 6 $0 $945 $945
7 $0 $300 $300 7 $0 $939 $939
8 $0 $297 $297 8 $0 $936 $936
9 $0 $298 $298 9 $0 $938 $938
10 $0 $302 $302 10 $0 $941 $941
11 $0 $307 $307 11 $0 $947 $947
12 $0 $306 $306 12 $0 $947 $947
13 $0 $304 $304 13 $0 $943 $943
14 $0 $306 $306 14 $0 $947 $947
15 $0 $281 $281 15 $0 $918 $918
16 $0 $317 $317 16 $0 $958 $958
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Table 41: 2026 Present Value LSC Savings Per Dwelling Table 42: 2026 Present Value LSC Savings Per Dwelling

Unit Over 30-Year Period of Analysis — New Construction & Unit Over 30-Year Period of Analysis — New Construction &
Additions — MidRiseMixedUse — Gas-AppM Additions — HighRiseMixedUse — Gas-AppM
Total 30-_Year _39-Year _LSC 30-Year !.SC Total 30-Year
Zone Electricity Savings| Savings (2026 PV| LSC Savings Zone Electricity Savings Gas Savings LSC Savings
(2026 PV $) $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
01 $0 $899 $899 01 $0 $773 $773
02 $0 $843 $843 02 $0 $740 $740
03 $0 $849 $849 03 $0 $743 $743
04 $0 $837 $837 04 $0 $736 $736
05 $0 $875 $875 05 $0 $758 $758
06 $0 $831 $831 06 $0 $733 $733
07 $0 $821 $821 07 $0 $728 $728
08 $0 $816 $816 08 $0 $724 $724
09 $0 $820 $820 09 $0 $726 $726
10 $0 $824 $824 10 $0 $729 $729
11 $0 $834 $834 11 $0 $734 $734
12 $0 $834 $834 12 $0 $734 $734
13 $0 $829 $829 13 $0 $731 $731
14 $0 $833 $833 14 $0 $734 $734
15 $0 $790 $790 15 $0 $709 $709
16 $0 $851 $851 16 $0 $745 $745
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3.4.3 Incremental First Cost

Incremental first cost is the initial cost to adopt more efficient equipment or building
practices as compared to the cost of an equivalent baseline project. The Statewide
CASE Team considers first costs in evaluating overall measure Cost-Effectiveness.
Incremental first costs are based on data currently available and can change over time
as markets evolve and professionals become familiar with new technology and building
practices.

The Statewide CASE Team developed a basis of design for each prototype, described
in Section 3.3.1.2, and they worked with two mechanical contractors to estimate costs
for each, the basis of design, and the proposed case. Upon thorough review of the data
provided by both contractors, the data from one contractor was removed from the
analysis, because the costs provided by that contractor did not align with the intent of
the measure and the specifications provided. Additionally, the data provided by the
contractor that was used for analysis went through an extensive quality control process
and discrepancies were reviewed and rectified if necessary.

The mechanical contractor provided material and labor cost estimates for complete
installation of the cold and hot water distribution piping, heating plant piping and
associated appurtenances, fittings with all the piping, general conditions and overhead,
design and engineering, permit, testing, and inspection, and a contractor profit or
market factor.

The Statewide CASE Team designed cold and hot water distribution systems and hot
water heating plant plumbing systems for each of the prototype buildings according to
CPC Appendix A (base case) and CPC Appendix M (proposed case). Based on the
plumbing designs, the Statewide CASE Team calculated the total length of pipe for
each pipe size for each prototype building in the base case and the proposed case for
the cold and hot water distribution systems. The Statewide CASE Team calculated the
total length of piping at the heating plant (for both gas and heat pump water heating)
and equivalent length of appurtenances and fittings (based on an estimated straight
pipe heat loss contribution) on the piping and affixed to the storage tanks at the heating
plant. These design drawings and piping calculations are detailed in Appendix |. Table
43 gives the total length of each pipe size for the cold and hot water distribution piping
and hot water piping for the two types of heating plants for each of the prototype
buildings: base case and proposed.
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Table 43: Total Length (Feet) of Each Pipe Size for CPC Appendix A Base Case and Appendix M Proposed Case Design

Low-Rise, Low-Rise Low-Rise Low-Rise Mid-Rise Mid-Rise High-Rise High-Rise

Pipe Size Garden: Garden:| Loaded Corridor: | Loaded Corridor:, Mixed Use:| Mixed Use:| Mixed Use: Mixed Use:
Base| Proposed Base Proposed Base Proposed Base Proposed

0.5" 0 0 0 0 0 0 0 0
0.75" 54 141 135 456 200 1160 260 1326

1" 29 23 154 131 220 139 260 226

1.25” 26 0 119 18 720 161 598 4
cold o 15" 32 0 48 0 81 68 227 0
2" 23 0 59 0 115 0 160 93

2.5" 0 0 72 0 66 0 47 0

3" 0 0 18 0 107 0 54 0

4" 0 0 0 0 19 0 43 0

0.5" 0 0 0 0 0 0 0 0
0.75" 168 168 449 449 744 724 1018 1018

1" 29 55 182 287 338 1158 313 1095

1.25” 0 0 0 0 0 0 0 0
giosttribution 1.5" 58 52 153 107 939 254 782 148
2" 20 0 24 80 85 66 58 80

2.5" 0 0 90 0 73 121 165 129

3" 0 0 25 0 91 0 130 5

4" 0 0 0 0 53 0 9 0

0.5" 0 0 0 0 0 0 0 0
0.75" 12 12 0 0 0 0 0 0

1" 0 0 12 12 0 0 24 24

1.5" 36 36 0 0 0 0 0 0

2" 44 44 36 86 12 12 24 24

Gas Plant 25" 0 0 0 0 0 0 0 0
3" 0 0 62 12 48 116 36 76

4" 0 0 0 0 68 0 52 12

5" 0 0 0 0 0 0 0 48

6" 0 0 0 0 0 0 48 48
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Low-Rise, Low-Rise
Pipe Size Garden: Garden:

Low-Rise Low-Rise Mid-Rise Mid-Rise High-Rise High-Rise
Loaded Corridor: | Loaded Corridor:| Mixed Use:| Mixed Use:| Mixed Use:| Mixed Use:

Base| Proposed Base Proposed Base Proposed Base Proposed
0.5" 24 24 48
0.75" 12 12 12
e 0 0 12
1.5" 12 12 0
2" 56 56 12
HPWH Plant 25" 0 0 0 0 0 0 0 0
3" 0 0 56 0 12 80 0 64
4" 0 0 0 0 68 0 64 0
5" 0 0 0 0 0 0 0 0
6" 0 0 0 0 0 36 36
?gtsz:fsmGas Al 531 531 1638 1638 3979 3979 4308 4356
System
Totals Al 543 543 1668 1668 3979 3979 4308 4308
HPWH
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The Statewide CASE Team analyzed piping material and appurtenance costs and labor
hours from one of two mechanical contractor, as shown in Table 44 and Table 45. After
a thorough market cost review of the costs received by both contractors, it was
determined by the Statewide CASE Team that one of the contractors prices were not
reasonable and was dropped from consideration. The material costs include the piping,
pipe insulation, associated appurtenances, piping supports, and other installation
materials. The labor hours are those to install all plumbing components. The mechanical
contractor provided a labor rate of $95 per hour.

The Statewide CASE Team calculated the total piping insulation costs for Appendix A
and Appendix M by leveraging costs provided by our contractor for the insulation
enhancement measure to meet existing insulation code requirements. The insulation
pricing the Statewide CASE Team received was in dollars per foot, and it included labor.
The Statewide CASE Team opted to use a 50/50 material and labor split when
calculating hot water piping insulation costs for Appendix A and Appendix M. The
insulation costs are included in the values shown in Table 44 and Table 45 column
“Pipe and Insulation Cost” below.

Using the pipe lengths in Table 43 and the piping costs in Table 44 and Table 45, the
Statewide CASE Team calculated the total piping costs in the base case and the
proposed case for each prototype building also shown in Table 44 and Table 45.

Table 44: Material and Labor Costs (Gas Plant)

Pipe and
MF Building Case Insulation | Appurtenances | Labor | Labor Total
Type Material Material Cost | Hours | Rate
Cost

Low-Rise Base Case $9,535 $10,625 156 $95  $35,008
Garden Style Proposed Case = $8,495 $10,365 154 | $95 @ $33,456
Low-Rise Base Case $32,906 $25,930 387 $95  $95,611
Loaded Corridor Proposed Case  $24,549 $16,600 346  $95  $74,050
Mid-Rise Mixed Base Case $89,335 $71,085 870 $95 $243,104
Use Proposed Case  $61,909 $41,440 754 $95 | $174,954
High-Rise Mixed Base Case $98,055 $125,530 940 $95 $312,864
Use Proposed Case = $73,131 $97,890 834 $95 | $250,294
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Table 45: Material and Labor Costs (HPWH Plant)

Pipe and
Insulation

MF Building Type

Case

Material

Cost

Appurtenances | Labor
Material Cost

Hours

Labor
95

Low-Rise Garden Base Case $9,518 $9,465 155 $ $33,710

Style Proposed Case $8,485 $9,181 136 = $95 = $30,578
Low-Rise Loaded Base Case $32,558 $20,325 388 $95  $89,778
Corridor Proposed Case = $24,183 $13,135 329 $95  $68,601

Mid-Rise Mixed Base Case $88,006 $43,460 859 $95  $213,025
Use Proposed Case $60,702 $24,962 728 $95  $154,788
High-Rise Mixed Base Case $95,791 $61,720 927 $95  $245,603
Use Proposed Case $69,783 $46,504 789 $95  $191,238

Table 46 and Table 47 show for the proposed measure, the total incremental cost, and
incremental cost per dwelling unit for each building type. This proposed measure is
unique as there is no incremental cost, but rather incremental cost savings since the
proposed measure costs less that than base case. This is because CPC Appendix M
(proposed case) often leads to smaller pipe sizes than CPC Appendix A (base case),
the proposed case has a lower cost than the base case for all prototype buildings.

Table 46: Incremental Cost Per Prototype - Gas-AppM

Gas-AppM
Total
Incremental
Cost Savings

Gas-AppM Average
Incremental Cost
Savings per Dwelling
Unit

Gas-AppM

Gas-AppM
Proposed
Case

Base
Case

MF Building Type

Low-Rise Garden $34,936 $33,427 -$1,510 -$189
Low-Rise Loaded Corridor $95,051 $74,044 -$21,007 -$584
Mid-Rise Mixed Use $240,630 $174,346 -$66,284 -$753
High-Rise Mixed Use $308,021 $247,179 -$60,841 -$520

Table 47: Incremental Cost Per Prototype - HPWH-AppM

HPWH-AppM
Average
Incremental Cost
Savings per

HPWH-
AppM
Proposed
Case

HPWH-AppM
Total
Incremental
Cost Savings

HPWH-
AppM Base
Case

MF Building Type

Dwelling Unit
Low-Rise Garden $33,682 $30,511 -$3,172 -$396
Low-Rise Loaded Corridor $89,481 $68,673 -$20,808 -$578
Mid-Rise Mixed Use $211,739 $154,810 -$56,930 -$647
High-Rise Mixed Use $243,546 $190,251 -$53,294 -$456
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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. There are no
replacement costs for the proposed measure, because the expected useful life of the
measure and the impacted equipment is longer than the period of analysis. The periodic
maintenance costs for the proposed measure are the same as for the base case;
therefore, there are no associated incremental costs.

3.4.5 Cost-Effectiveness

This measure proposes a primary 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 CEC establishes the procedures for calculating Cost-Effectiveness. The Statewide
CASE Team collaborated with CEC 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 LSC 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 CEC’s definitions, a measure is cost effective if the 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 2026 PV costs and cost savings. Benefits and costs are
defined as follows:

o Benefits: 30-year LSC Savings + Other PV Savings: Benefits include LSC
savings over the 30-year period of analysis (California Energy Commission
2022). Other savings are discounted at a real (nominal — inflation) three percent
rate. Other PV savings include incremental first-cost savings if proposed first cost
is less than current first cost, incremental PV maintenance cost savings if PV of
proposed maintenance costs is less than PV of current maintenance costs, and
incremental residual value if proposed residual value is greater than current
residual value at end of CASE analysis period.

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

Results of the per-unit, cost-effectiveness analyses are presented in Table 48 and Table
49 for new construction. This measure is cost effective since the B/C ratio is greater
than 1 in all cases.

Table 48: 30-Year Cost-Effectiveness Summary Per Dwelling Unit — New
Construction - HPWH-AppM

Climat Benefits: Costs:
imate LSC Savings + Other PV Cost Savings| Total Incremental PV Costs

B/C

Zone (2026 PV$/dwelling unit) (2026 PVS/dwelling unit)|  R2t°
1 $1,410 $0 Infinite
2 $1,408 $0| Infinite
3 $1,402 $0 Infinite
4 $1,408 $0| Infinite
5 $1,464 $0 Infinite
6 $1,357 $0| Infinite
7 $1,349 $0 Infinite
8 $1,329 $0 Infinite
9 $1,328 $0 Infinite
10 $1,342 $0 Infinite
11 $1,355 $0 Infinite
12 $1,376 $0 Infinite
13 $1,368 $0 Infinite
14 $1,332 $0 Infinite
15 $1,285 $0 Infinite
16 $1,365 $0 Infinite
Total $1,358 $0 Infinite
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Table 49: 30-Year Cost-Effectiveness Summary Per Dwelling Unit - New
Construction — Additions - Gas-AppM

Climat Benefits: Costs:
Imate | sc Savings + Other PV Cost Savings| Total Incremental PV Costs

Zone (2026 PV$/dwelling unit) (2026 PV$/dwelling unit)

1 $1,544 $0  Infinite
2 $1,544 $0 Infinite
3 $1,546 $0  Infinite
4 $1,554 $0 Infinite
5 $1,603 $0  Infinite
6 $1,514 $0  Infinite
7 $1,522 $0 Infinite
8 $1,490 $0  Infinite
9 $1,488 $0 Infinite
10 $1,503 $0  Infinite
11 $1,513 $0 Infinite
12 $1,537 $0  Infinite
13 $1,531 $0 Infinite
14 $1,487 $0  Infinite
15 $1,451 $0  Infinite
16 $1,507 $0 Infinite
Total $1,515 $0 Infinite

3.5 Annual 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 3.3.2)
by assumptions about the percentage of newly constructed buildings that would be
impacted by the proposed code. The statewide new construction forecast for 2026 is
presented in Appendix A, as are the Statewide CASE Team’s assumptions about the
percentage of new construction that would be impacted by the proposal (by climate
zone and building type).

The first-year energy impacts represent the first-year annual savings from all buildings
that were completed in 2026. 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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The tables below present the first-year statewide energy and energy cost savings from
newly constructed buildings (Table 50) by climate zone.

While a statewide analysis is crucial to understanding broader effects of code change
proposals, there is potential to disproportionately impact DIPs that needs to be
considered. Refer to Section 3.6 for more details addressing energy equity and
environmental justice.

Table 50: Statewide Energy and Energy Cost Impacts — New Construction — AppM

30-Year

Annual? . Present
Electricity Electrical | Natural .Gas Source Valued LSC
Demand Savings Energy

Statewide New Annual Peak Annual Annual
Construction Impacted
by Proposed Change in

Climate

Zone 2026) S3VINGS|  poduction|  (Million Savings|  Savings

(Dwelling Units)|  (GWh) (MW)|  Therms)| (Million kBtu) 20%":-*'{75
1 9%  0.00 0.00 0.00 0.06  $0.09
2 923 0.02 0.00 0.01 053  $0.78
3 5110  0.10 0.01 0.03 295  $4.34
4 2,268 0.04 0.01 0.01 129 $1.90
5 189 0.00 0.00 0.00 011 $0.16
6 1,489 0.03 0.00 0.01 0.84  $1.24
7 3422 006 0.01 0.02 190  $2.82
8 5708  0.11 0.01 0.03 317 $4.68
9 6,837 013 0.02 0.04 381  $5.63
10 2858  0.05 0.01 0.02 160  $2.36
11 779 0.02 0.00 0.00 0.44  $0.65
12 3675 007 0.01 0.02 209  $3.07
13 670  0.01 0.00 0.00 038 $0.56
14 960  0.02 0.00 0.01 054  $0.80
15 248 0.00 0.00 0.00 013 $0.20
16 124 000 0.00 0.00 0.07  $0.11
Total 35354  0.68 0.08 0.21 199  $20.4

a. First-year savings from all buildings completed statewide in 2026.

3.5.2 Statewide GHG Emissions Reductions

The Statewide CASE Team calculated avoided GHG emissions associated with energy
consumption using the hourly GHG emissions factors that the CEC developed along
with the 2025 LSC hourly factors and an assumed cost of $123.15 per metric ton of
carbon dioxide equivalent emissions (metric tons CO2e).
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The monetary value of avoided GHG emissions is based on a proxy for permit costs
(not social costs).?! The cost-effectiveness analysis presented in Section 3.4.5 of this
report does not include the cost savings from avoided GHG emissions. To demonstrate
the cost savings of avoided GHG emissions, the Statewide CASE Team disaggregated
the value of avoided GHG emissions from the other economic impacts.

Table 51 presents the estimated first-year avoided GHG emissions of the proposed
code change. During the first year, GHG emissions of 1,310 metric tons CO2e would be
avoided.

Table 51: Annual Statewide GHG Emissions Impacts — CPC Appendix M

Reduced GHG Reduced GHG Total
Electricit Emissions from Natg;asl Emissions from Reduced '{;oi-tlgl Monetary
ectricity Electricity : Natural Gas i b Value of
Savings? - Savings? . Emissions
(GWhiyr) Savings? Mill Savings? Metric T Reduced GHG
y (Metric Tons The(rmlsllorr; (Metric Tons 3 n(;:OZoer; Emissions®
CO2e) y CO2e) ($)
CPC
Appendix 0.68 62.9 0.21 1,247 1,310 $161,336
M

a. First-year savings from all applicable newly constructed buildings, additions, and alterations
completed statewide in 2026.

b. GHG emissions savings were calculated using hourly GHG emissions factors alongside the LSC
hourly factors published by the CEC here: https://www.energy.ca.gov/files/2025-energy-code-
hourly-factors

c. The monetary value of avoided GHG emissions is based on a proxy for permit costs (not social
costs) derived from the TDV Update Model by CEC here: https://www.energy.ca.gov/files/tdv-2022-
update-model

3.5.3 Statewide Water Use Impacts

Impacts on water use are presented in Table 52. The average dwelling unit when
weighted for the four prototype buildings would save 264 gallons per year from an
improvement in hot water delivery time associated with using skinnier hot water
distribution piping. Annual water and embedded energy savings for each prototype per
dwelling unit is provided in Appendix B. It was assumed that all water savings occurred
indoors, and the embedded electricity value was 5,440 kWh/million gallons of water.
The embedded electricity estimate was derived from a 2022 research analysis
conducted under the auspices of California Public Utility Commission (CPUC)
Rulemaking 13-12-011 that quantified the embedded electricity savings from IOU

21 The permit cost of carbon is equivalent to the market value of a unit of GHG emissions in the California
Cap-and-Trade program, while social cost of carbon is an estimate of the total economic value of damage
done per unit of GHG emissions. Social costs tend to be greater than permit costs. See more on the Cap-
and-Trade Program on the California Air Resources Board website: https://ww?2.arb.ca.gov/our-
work/programs/cap-and-trade-program.
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programs that save both water and energy (SBW Consulting, Inc. 2022). See Appendix
B for additional information on the embedded electricity savings estimates.

Table 52: Impacts on Water Use and Embedded Electricity in Water — CPC
Appendix M

On-Site Indoor Embedded

Water Savings | Electricity Savings?

(Gallons/Year) (kWh/Year)

Average Per Dwelling Unit Impacts 263 14
b -

Annual® Statewide Impacts for New 9,296,024 50,505

Construction & Additions
Annual® Statewide Impacts for Alterations - -
Annual® Total Statewide Impacts 9,296,024 50,505

a. Assumes embedded energy factor of 5,440 kWh per million gallons of water for indoor use (SBW
Consulting, Inc. 2022).

b. First-year savings from all buildings completed statewide in 2026.

For more details involving water use and water impacts quality, refer to Appendix B.

3.5.4 Statewide Material Impacts

The code proposal shows the reduction in the pipe diameter for this measure which
resulted in savings in copper usage. The impact would be different for heat pump water
heating plants compared to gas heating plants and thus both the impacts are shown in
the following tables. See Appendix D for more details.

Table 53: Annual Statewide Impacts on Material Use - HPWH — CPC Appendix M

Per-Unit Impacts (Pounds Annual ? Statewide
per Dwelling Unit) Impacts (Pounds)

Copper Decrease 9.8 512,165
Others (Insulation) | Decrease 54.4 2,900,074
TOTAL - - —

a. First-year savings from all buildings completed statewide in 2026.

Table 54: Annual Statewide Impacts on Material Use — Gas — CPC Appendix M

Per-Unit Impacts (Pounds Annual ? Statewide
per Dwelling Unit) Impacts (Pounds)

Copper Decrease 9.9 528,158
Others (Insulation) Decrease 55.3 2,947,303
TOTAL - - -

a. First-year savings from all buildings completed statewide in 2026.
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3.5.5 Other Non-Energy Impacts

There is no non-energy impact for this measure.

3.6 Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure on
DIPs. See Section 2 for a summary of research methods and potentially impacted
populations, as well as other general potential equity impacts (CALEPA 2022).

3.6.1 Potential Impacts

This measure would result in lower construction costs, a reduction in energy costs, and
improved hot water delivery performance, which are discussed in detail in section 2.2.2,
with impacts on potentially impacted populations as described in section 2.2.1
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4. Pipe Insulation Enhancement

4.1 Measure Description

4.1.1 Proposed Code Change

Pipe insulation enhancement is a combination of code language cleanup and field
verification. The first component investigates the mandatory pipe insulation
requirements contained under Title 24, Part 6, Section 160.4 for possible

cleanup. Requirements for pipe insulation thickness in multifamily DHW systems are
clearly articulated, but it is unclear whether the requirements extend to insulating the
heating plant, appurtenances in series with the recirculation loop such as pipe supports,
check valves, mixing valves, balancing valves, strainers, flanges, air separators, water
pumps, and monitoring sensors and equipment. The main intention of this cleanup
measure is to ensure uniform insulation of the heating plant, recirculation loop, and
branches to the dwelling units. The Statewide CASE Team proposes cleanup language
to define the types of appurtenances, appurtenance specific requirements (such as
requiring the use of extended stem isolation valves and removeable and re-installable
insulation), and pipe insulation thickness requirements. The proposed code change
codifies pipe insulation installation best practices such as sealing seams and cutting
insulation properly for fittings.

The second component is a mandatory requirement for field verification that would
confirm installation of code required pipe insulation and overall insulation installation
quality. Field verification would confirm installation of code required pipe insulation,
including insulation on all fittings and valves, pumps, thermal isolation at pipe hangers,
and overall insulation installation quality. Field verification would require minor updates
to default values for derating insulation quality in the compliance software. This
submeasure builds on the current single family and low-rise multifamily residential pipe
insulation inspection credit (PIC-H) and extends it to become a mandatory requirement
for all multifamily buildings with DWH recirculation systems. This submeasure includes
minor updates to default values for derating insulation quality in the compliance
software.

This mandatory code change and code language cleanup proposal would apply to
newly constructed buildings only. The measures would add field verification, but no
acceptance tests. The proposal would require minor updates to the compliance
software.
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4.1.2 Justification and Background Information

4.1.2.1 Justification

The current multifamily mandatory pipe insulation code language does not include key
details of what type of DHW system piping shall be insulated or if appurtenances and
pipe support require proper insulation. Adding a comprehensive, mandatory
requirement in the code language, including explicitly naming components that would
require insulation, would provide clarity to the design and installation industry to ensure
heating plants, recirculation loops, and branch piping are insulated to minimize pipe
heat loss. Clear insulation language and uniform insulation requirements would
streamline the field verification process.

Field verification of pipe insulation installation quality would ensure uniform building
industry installation practices and minimize pipe heat loss for the effective useful life of
the distribution system. The pipe insulation verification submeasure stems from the poor
quality of existing insulation exhibited by the 2013 PIER Report “Multifamily Central
Domestic Hot Water Distribution Systems” (PIER 2013) and the 2022 Statewide CASE
Team data collection, including stakeholder feedback during the CASE process. This
submeasure is similar in scope and mechanism to the existing multifamily quality
insulation installation (QIl) energy credit through home energy rating system (HERS) or
acceptance test technician (ATT) verification and would apply to multifamily buildings
with DHW recirculation systems.

4.1.2.2 Background Information

Pipe Insulation Code Language

The mandatory insulation code language for multifamily buildings was consolidated in
2022 Title 24, Part 6 Section 160.4 from Section 150.0 of the 2019 low-rise residential
code and Section 120.3 of the nonresidential/high-rise multifamily code. A significant
portion of the 120.3 general requirements for pipe insulation code language was
unintentionally omitted from 160.4 and is now limited to one sentence that reads,
“Piping for multifamily domestic hot water systems, shall be insulated to meet the
requirements of Table 160.4-A”. Similarly, pipe insulation language in Section 150.0
was significantly edited to reference the CPC, which greatly limited the portions of
piping that must be insulated. Where appropriate in this report, The Statewide CASE
Team would explain the history of Section 120.3, of which Section 160.4 is derived to
demonstrate the unclear and uneven pipe insulation language currently in the code and
followed by the construction industry.

In the 2019 Title 24, Part 6, Section 120.3, the code language was expanded to include
an expanded section on HVAC pipe insulation that included “Fluid distribution systems,
insulating elements that are in series with the fluid flow, such as pipes, pumps, valves,
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strainers...” The Statewide CASE Team uses the term “appurtenances” to describe these
pipe components for DHW systems for this proposal. In the 2016 code update cycle,
language was added to Section 120.3 for DHW insulation that included requirements for
insulating the recirculation system piping, the first eight feet of hot and cold outlet piping
and externally heated pipes, but there was no mention of insulating DHW system
appurtenances. The 2019 version of Section 120.3 adds insulation language of elements
in series of fluid distribution systems for space cooling and heating systems that aligns
with the 2019 American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE) 90.1 Energy Standard for Sites and Buildings Except Low-Rise Residential
Buildings to a greater extent than 2016 by being more explicit and expansive with HVAC
pipe insulation requirements and limited with DHW requirements.

ASHRAE 90.1 contains pipe insulation language in Section 7.4.3 for DHW systems and
Section 6.4.4.1.3 for HVAC systems. Section 7.4.3 includes the same DHW insulation
language as 120.3, and it additionally includes language that the first eight feet of
branch piping connected to piping that carries recirculated water shall be insulated.
Section 6.4.4.1.3 adds that “all piping associated with HVAC systems must be thermally
insulated for heat and hot-water systems and for cooling, brine and refrigerant systems.”
In the exceptions section it states that insulation is not regulated in the following cases
that includes: “Strainers, control valves, and balancing valves in piping less than or
equal to one inch in size. This allows for easy access to these devices.” This implies
that “all piping” larger than 1” diameter, including some appurtenances such as
strainers, control valves and balancing valves in series, must be thermally insulated for
space conditioning systems. Section 7.4.3 does not have a similar requirement for DHW
systems. Thus, for multifamily buildings, the existing 2022 Section 160.4 pipe insulation
code language leaves a lot for interpretation, making it difficult for designers to give
consistent direction to contractors and for inspectors to understand what to verify.

Currently, the most common practice for insulation contractors is to insulate hot water
piping to the minimum insulation thickness required by code. The Statewide CASE
Team'’s interviews with designers revealed that they specify code minimum pipe
insulation. Designers specify tees and elbows to be insulated as they are considered
part of the pipe. However, isolation valves are insulated only occasionally.

Several designers stated that contractors routinely insulate nothing more than what the
inspector would check, which is usually tees and elbows. One designer commented that
they get pushback on additional pipe insulation requirements above code from
contractors. One general contractor interviewed stated that they are unclear on Title 24,
Part 6 pipe insulation requirements, and they ask the inspector for an interpretation of
the code requirements prior to insulating the piping.

As well, the lack of pipe insulation language, or clear language, relating to
appurtenances in ASHRAE 90.1 for DHW systems has influenced Title 24, Part 6
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language. As a result, design requirements on project drawings and specifications are
inconsistent and subject to interpretation.

Impact of Pipe Insulation on Hot Water System Efficiency

Photos of pipe insulation on buildings documented by the 2022 Statewide CASE Team
often showed portions of pipes, fittings, valves, and pumps that are not insulated. This
has a great impact on HPWH plants. The prevailing HPWH plant design is the single
pass heat pump upstream in series with an electric resistance temperature maintenance
swing tank. The latter tank’s primary function is to heat the recirculation loop.

The best insulated distribution systems have a heat loss approaching 50 watts per
dwelling unit. Research data shows that the median recirculation loop heat loss is
approximately 100 watts per dwelling unit (Ecotope 2020). A poorly insulated
recirculation loop can have a heat loss approaching 200 watts per dwelling unit. In a
swing tank design, if the loop heat loss is excessive, the upstream HPWH is unable to
provide sufficient hot water during draws from the primary tanks into the swing tank to
keep the swing tank elevated above the 125°F setpoint for most of the 24-hour period.
This inability to provide sufficient hot water causes prolonged electric resistance
element activation, greatly reducing the COP of the system and increasing operating
costs. Based on prior lab and field research, the Statewide CASE Team confirms that
poor pipe insulation and lack of verification leads to excessive electric resistance used
in central HPWH systems in a swing tank configuration and similarly causes inefficiency
in gas-fired central water heating systems with additional heat loss caused by excessive
tank destratification (Perachova 2019).

Pipe Insulation Field Verification

Title 24, Part 6 has no requirement for field verification, which would complement the
proposed explicit pipe insulation cleanup language. The 2022 Statewide CASE Team
investigated a pipe insulation verification measure. The CEC decided not to add or
change the measure close to adoption, but a freeze on all measures that HERS
verification requirements was added; therefore, this proposal did not move forward. Pipe
insulation verification is needed and is being reproposed because of the poor quality of
existing insulation exhibited by the 2013 PIER Report “Multifamily Central Domestic Hot
Water Distribution Systems” (PIER 2013) and based on the Statewide CASE Team’s
interviews with design firms and stakeholder feedback during the 2022 CASE process.
The following is an excerpt from the 2022 CASE DHW Distribution Report.

The 2013 PIER Study monitored several key parameters of central hot water systems
including hot water supply temperature, hot water return temperature, cold-water supply
temperature, recirculation flow, hot water draw flow, and natural gas consumption. The
study monitored 28 buildings in five different climate zones in California. The PIER
Study Team then developed an energy flow analysis model to separate DHW natural
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gas consumption into four energy flow components: water heating equipment efficiency
and standby heat loss, recirculation system heat loss, branch pipe heat loss, and
delivered hot water energy. Recirculation system heat loss ranged from three to 67
percent of total hot water usage with an average of 33 percent. The study found that
measured heat loss from DHW distribution piping was approximately twice the
anticipated heat loss that would occur with perfect insulation.

Based on the PIER Study energy flow analysis model, the 2013 Statewide CASE Team
developed two CASE Reports, one of which was the 2013 CASE Water and Space
Heating ACM Improvement (Statewide CASE Team 2011). The 2013 Statewide CASE
Team developed and proposed the performance calculation algorithms for recirculation
systems in multifamily and hotel/motel buildings. The 2013 CASE Report suggested an
ACM Reference Manual “correction factor to reflect imperfect insulation” that was
adopted by the CEC and is part of the current Title 24, Part 6 performance approach.
The current ACM Reference Manual includes this correction factor described as,
“Correction factor to reflect imperfect insulation, insulation material degradation over
time, and additional heat transfer through connected branch pipes that is not reflected in
the branch heat loss calculation. It is assumed to be 2.0.”

In addition to the precedent for insulation modifications informed by the PIER study, the
PIC-H Residential Verification described in Section RA3.6.2 of the residential
appendices offers a compliance credit for HERS verification of pipe insulation quality.
This credit is only available for trunk and branch distribution systems in single family
and low-rise residential buildings. If this credit is achieved and the HERS Rater verifies
the hot water distribution system is insulated according to CPC609.11, the project
receives a 15 percent energy credit in the assigned distribution system muiltiplier, which
is an adjustment for alternative water heating distribution systems within the dwelling
unit.

The Statewide CASE Team also collected data on insulation quality through designer
interviews, CASE stakeholder meeting surveys, construction managers and designers
survey, and field observation punch lists??2 and photos. A detailed summary of insulation
quality data collection is contained in Section 4.2.2 and the methods and results are
summarized below.

e Designer interviews: The Statewide CASE Team conducted interviews with six
multifamily plumbing designers to garner feedback on recirculation design
strategies, compliance, enforcement, and insulation quality. Insulation quality
questions were open ended. Based on these interviews, the Statewide CASE
Team learned that hot water distribution systems are frequently missing

22 A punch list is a document detailing items in a construction project that do not meet the specifications
which must be addressed by the contractor.
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insulation or have poorly installed insulation (missing insulation on fittings
including improperly mitered joints, insulation not covering 100 percent of a
straight pipe run, and overall poor insulation quality).

o Utility-sponsored stakeholder meeting survey: A survey was administered
through the live Adobe interface during the first DHW Stakeholder meeting on
October 4, 2019. Two questions were asked 1) “How often have you seen
deficiencies in pipe insulation quality, such as missing insulation on fittings or
poor-quality installation?” and 2) “What are the most common deficiencies in pipe
insulation quality?” Ten out of the twelve respondents said that greater than 50
percent of projects have insulation deficiencies and that the typical deficiencies
are “fittings are not insulated,” “pipe insulation is poorly installed (there are
gaps),” and “valves are not insulated.”

e Construction managers and designers survey: The Statewide CASE Team
asked several questions about interviewees’ observations of insulation quality in
buildings where interviewees have participated in construction administration
activities. The Statewide CASE Team found that insulation quality is lacking in
60-70 percent of multifamily buildings on average, and the most common issues
are uninsulated piping specialties?® including valves, tees, improperly mitered
joints, and uninsulated pumps.

e Field observation punch lists and photos: The Statewide CASE Team
collected field observation documentation from designers and construction
managers. This data provides visual confirmation of the insulation quality issues
found through interviews and surveys listed above. For example, Figure 2 shows
missing insulation on elbow and tee fittings.

Figure 2: Field observation punch list photo showing missing pipe
insulation.

Source: (AEA n.d.).

23 Piping specialties refers to all components of a piping system other than the pipe itself.
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In addition, the U.S. Department of Energy (U.S. DOE) identified the issue of
missing elbow insulation in a 2012 Building Technologies Program Code Notes
regarding insulation requirements in commercial buildings for mechanical and
service hot water piping (U.S. DOE 2012). The publication includes the graphic
illustration shown in Figure 3.

Figure 3: lllustration of improper and proper elbow insulation.

Source: (U.S. DOE 2012).

In summary, the proposed pipe insulation code language cleanup for 2025 Title 24, Part
6 Section 160.4 and pipe insulation quality installation verification would reduce pipe
heat loss leading to heating plant energy use reduction by doing the following:

e Clarify that “All” piping for DHW systems shall be insulated including the first
eight feet of inlet cold water piping to heating plant.

¢ Add new code language to ensure appurtenances at heating plants and supply
and return loop must be insulated and insulation is removable and re-
installable.

e Pipe supports, hangers, and clamps shall be attached on the outside of rigid
pipe insulation.
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e Address installation quality by ensuring all pipe insulation seams are sealed,
specific insulation installation practices for tees and elbows are followed, and
extended stem isolation valves used.

¢ Definition of hot water piping and plumbing appurtenances

e Add space cooling and heating pipe insulation language incorporated from
Section 120.3

e Ensure accountability through third-party field verification of pipe insulation
across the building design and construction industry, so continuous pipe
insulation becomes standard practice and pipe insulation quality stays high
moving forward.

4.1.3 Summary of Proposed Changes to Code Documents

The sections below summarize how the standards, Reference Appendices, ACM
Reference Manuals, and compliance forms would be modified by the proposed
change.?* See Section 11 of this report for detailed proposed revisions to code
language.

4.1.3.1 Specific Purpose and Necessity of Proposed Code Changes

Each proposed change to language in Title 24, Part 1 and Part 6 are described below.
See Section 6.2 of this report for marked-up code language.

Section: 160.4(f)

Specific Purpose: Builds off this excerpt, “Piping for multifamily domestic hot water
systems, shall be insulated to meet the requirements of Table 160.4-A.,” and adds new
pipe insulation code language to establish continuous pipe insulation requirements to
include appurtenances and pipe supports. The proposed code change would add
language that requires HERS field verification of pipe insulation installation.

Necessity: These changes are necessary to articulate in detail the sections of piping
including heating plants, branch piping, appurtenances, and pipe supports that require
insulation to ensure consistency in design specification, as well as during installation
and to streamline field verification process. The field verification addition is necessary to
ensure quality installation of pipe insulation to reduce hot water pipe heat losses to
increase energy efficiency via cost effective building design standards, as directed by
California Public Resource Code Sections 25213 and 25402.

24 Visit EnergyCodeAce.com for trainings, tools, and resources to help people understand existing code
requirements.
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This proposal would modify the sections of the Reference Appendices identified below.
See Section 11.3 of this report for the detailed proposed revisions to the text of the
Reference Appendices.

Reference Appendices

RA2.2 Measures that Require Field Verification and Diagnostic Testing

Table RA2-1 Summary of Measures Requiring Field Verification and Diagnostic
Testing: The proposed new MMV default installation and commissioning instructions
requirement would be added to the summary table under the Multifamily Domestic Hot
Water Heating Measures heading.

RAZ3.6 Field Verification of Water Heating Systems

RA3.6.10 Hot Water Pipe Insulation Verification: The proposed change would add a
new section RA3.6.10 requiring HERS inspection to verify that specified DHW pipes are
insulated according to the pipe insulation requirements in Title 24, Part 6. The new
section would describe the verification coverage within the heating plant and horizontal
supply header and return piping and sampling approach for vertical supply risers and
branches.

4.1.3.2 Specific Purpose and Necessity of Changes to the Nonresidential
and Multifamily ACM Reference Manual

The purpose and necessity of proposed changes to the Nonresidential and Multifamily
ACM Reference Manual are described below. See Section 11.4 of this report for the
detailed proposed revisions to the text of the ACM Reference Manual.

This proposal would modify the following section of the Nonresidential and Multifamily
ACM Reference Manual. See Section 11.4 of this report for the detailed proposed
revisions to the text of the ACM Reference Manual.

Residential ACM Appendix B — Water Heating Calculation Method

B5.1 Hourly Recirculation Loop Pipe Heat Loss Calculation: The proposed changes
would update default values and text descriptions for Correction Factor, fua, referenced
in Equation 20 to reflect the energy impact without and with pipe insulation verification.
Relocation of the text descriptions for Ubare,n and Uinsu,n and Equation 21 improves
readability and clarity.

4.1.3.3 Summary of Changes to the Nonresidential and Multifamily
Compliance Manual

Chapter 11.6 of the Nonresidential and Multifamily Compliance Manual would need to
be revised. Specifically, it would require adding a summary of the measure to the
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“What's New” section under Section 11.6.1.1 for cleanup of pipe insulation mandatory
code requirements and pipe insulation verification requirements.

Additions to Section 11.6.5.4 Mandatory requirements for Water Heating — Pipe
Insulation would detail the pipe insulation language edits and additions.

4.1.3.4 Summary of Changes to Compliance Forms

The proposed code change would modify the compliance forms listed below. Examples
of the revised forms are presented in Section 11.5.

2022-LMCC-PLB-E: Domestic Water Heating: Low-Rise Multifamily
Certificate of Compliance Domestic Water Heating: Adds questions on if the
design team has met the mandatory requirements for heating plant and
distribution pipe insulation.

2022-NRCC-PLB-E: Domestic Water Heating: Nonresidential Certificate of
Compliance Domestic Water Heating: Adds questions on if the design team
has met the mandatory requirements for heating plant and distribution pipe
insulation.

2022-LMCI-PLB-E: Domestic Water Heating: Low-Rise Multifamily
Certificate of Inspection Domestic Water Heating: Adds questions on if the
construction team has met the mandatory requirements for heating plant and
distribution pipe insulation.

2022-NRCI-PLB-E: Domestic Water Heating: Nonresidential Certificate of
Inspection Domestic Water Heating: Adds questions on if the construction
team has met the mandatory requirements for heating plant and distribution pipe
insulation.

2022-LMCV-PLB-21-HERS: HERS Verified Multifamily Central Hot Water
System Distribution: Low-Rise Multifamily Certificate of Verification
Domestic Water Heating: Adds a mandatory requirement and prompts the
HERS Rater to review the heating plant and distribution pipe insulation
installation to ensure that it has been installed to the mandatory code
requirements.

2022-NRCV-PLB-21-HERS: High-Rise Multifamily Central Hot Water System
Distribution: Nonresidential Certificate of Verification Domestic Water
Heating: Adds a mandatory requirement and prompts the HERS Rater to review
the heating plant and distribution pipe insulation installation to ensure that it has
been installed to the mandatory code requirements.
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4.1.4 Regulatory Context

4.1.4.1 Determination of Inconsistency or Incompatibility with Existing
State Laws and Regulations

The ACM Reference Manual has a compliance credit, PIC-H, for field verification of pipe
insulation quality that reduces distribution heat losses by 15 percent according to Table
B-1 of the ACM Reference Manual. In the residential appendices, RA3.6.2 contains
HERS verification of pipe insulation for hot water distribution systems that is required
when taking the PIC-H credit. This credit is only available for trunk and branch
distribution systems in single family and low-rise residential buildings. RA3.6.2 requires
verification that pipe insulation installation meets the requirements of Title 24, Part 6
Section 150.0(j).

There are similar insulation verification procedures for Qll of wall insulation in RA3.5.

Lastly, RA2.6 describes the verification, testing, and sampling protocols for HERS
verifications. This section outlines the definition of open groups, closed groups, the
protocol for sampling rates, and the procedures for additional testing if a unit or units fail
which would be referenced in the requirements for pipe insulation verification.

CPC 2019 Section 609.11 requires insulation on all pipes and piping accessories by
implication because only specific exceptions are cited. Exceptions include piping
penetrating framing member and piping between the fixture control valve and
appliances.

4.1.4.2 Duplication or Conflicts with Federal Laws and Regulations

There are no relevant federal laws or regulations.

4.1.4.3 Difference From Existing Model Codes and Industry Standards

ASHRAE 90.1 is a relevant existing model code, explained in more detail in the
Justification and Background Information section of the report.

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. Section 4.2 presents how the proposed changes could
impact various market actors.

The compliance verification activities related to this measure that need to occur during
each phase of the project are described below:
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Design Phase: Designers currently provide or reference Title 24, Part 6 pipe
insulation requirements and insulation thickness table, insulation material and
pipe support specifications, custom pipe insulation requirements for sections not
explicitly covered by code, and supplemental drawings and tables. Designers
need to complete the LMCC-PLB-01-E and NRCC-PLB-01-E compliance
documents, which now would include an expanded pipe insulation section.

o Designers would experience a refined process with this proposed code
change that would reduce the need for custom pipe insulation
requirements, tables, and drawings to be provided on building plans.

o Designers can reprint or reference the appropriate sections in Title 24,
Part 6, and this standardized language would cover a much larger portion
of the information that they pass on to the contractor than previously.

Permit Application Phase: Energy consultants make the desired pipe insulation
verification selection (Y/N) in the compliance software for the project when using
the performance approach, and the information is submitted as part of the permit
application package.

Construction Phase: The contractor would follow permitted building plans and
assemble and fabricate pipe insulation as specified. The requirements relating to
appurtenances and pipe supports and quality installation practices are significant
and would require additional procurement, coordination, and installation time and
may require staff training. Contractors would populate and sign the LMCI-PLB-
01-E or NRCI-PLB-01-E forms marking off the completion of the mandatory pipe
insulation requirements.

o Insulation contractors would need to provide more extensive and uniform
pipe insulation. This requirement may add time and complexity to the
insulation installation process, which may be offset by consistency and
clarity in pipe insulation requirements provided by the designer.

o The contractor can streamline pipe insulation installation process from site
to site with consistent code requirements.

o Contractors would likely need to provide additional coordination between
trades on site to enable visual verification of insulation by a HERS Rater
or ATT professional and accompany HERS Rater or ATT personnel during
verification visits.

Inspection Phase: HERS Rater would need to coordinate and schedule
verification visits with contractors or general contractors to ensure mandatory
pipe insulation requirements are followed during construction. HERS Rater would
populate the LMCV/NRCV form, and after the verification visits, both the HERS
Rater and contractors would provide signatures for the compliance form.
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o Multiple verification visits may be needed, as plumbing insulation is often
phased with other trades on site, particularly for larger buildings.

o Combined verification efforts where multiple verification activities are
performed at the same time is possible. Qll is the prime example for
potential combined verification visits since there are similarities between
construction phasing of wall cavity installation, sampling requirements,
and verifications activities between QIl and pipe insulation verification.

o Building officials would need to learn about the new pipe insulation
requirements.

Sample language for Pipe Insulation Verification Form

A. Domestic Hot Water Recirculation System Pipe Insulation Verification

Visual verifications shall cover:

« All piping and insulation in the mechanical/boiler room where water heating
equipment resides, or all outdoor pipes if water heater is outdoors.

« All pipe insulation on horizontal distribution pipes that function as a supply
header, up the point of connection with riser pipes. Supply header is piping
between the water heater and vertical risers that run up or down the
building.

« A sample of pipe insulation on vertical pipe risers: the sample rate shall be
one in two risers. Riser inspection shall include the entire vertical length of
DHW recirculation riser pipe, including offsets and horizontal portions of
recirculation loop, up to the point of connection of the branch pipe (non-
recirculating) to dwelling units.

If field verification of pipe insulation in any of the three portions results in a failure,
the HERS Rater or ATT shall enter the failure into the HERS or ATT data registry.
Contractors shall take corrective action, and the HERS Rater or ATT shall re-check
the corrective action.

If field verification of sampled vertical pipe risers results in a failure, the building
then becomes subject to verification of 100 percent of remaining pipe risers that
are still visually accessible. The building passes if the HERS Rater or ATT verifies
that the corrective action was successful during re-check, and if all risers remaining
visually accessible meet the verification requirements.

\Verification Status—

o Pass - all applicable requirements are met;—or

o Fail - one or more applicable requirements are not met.
Enter reason for failure in corrections notes field below;
or—

|5 All N/A - This entire table is not applicable
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Correction Notes:

Recirculation pipe insulation must meet the applicable requirements specified in §

160.4.

All pipes, fittings, and appurtenances shall be insulated, including all elbows, tees,

valves, pumps, and other piping devices at the heating plant and distribution

system piping

Metal pipe hangers supporting metal pipe shall have noncompressible thermal

isolation between the hanger and pipe.

Piping insulation seams sealed, elbows mitered, tees notched

Visual verifications shall cover:

« All piping and insulation in the mechanical/boiler room where water heating
equipment resides, or all outdoor pipes if water heater is outdoors.

« All pipe insulation on horizontal distribution pipes that function as a supply
header, up the point of connection with riser pipes. Supply header is piping
between the water heater and vertical risers that run up or down the
building.

« A sample of pipe insulation on vertical pipe risers: the sample rate shall be
one in two risers. Riser inspection shall include the entire vertical length of
DHW recirculation riser pipe, including offsets and horizontal portions of
recirculation loop, up to the point of connection of the branch pipe (non-
recirculating) to dwelling units.

If field verification of pipe insulation in any of the three portions results in a failure,
the HERS Rater or ATT shall enter the failure into the HERS or ATT data registry.
Contractors shall take corrective action, and the HERS Rater or ATT shall re-check
the corrective action.

If field verification of sampled vertical pipe risers results in a failure, the building
then becomes subject to verification of 100 percent of remaining pipe risers that
are still visually accessible. The building passes if the HERS Rater or ATT verifies
that the corrective action was successful during re-check, and if all risers remaining
visually accessible meet the verification requirements.

Verification Status—

o Pass - all applicable requirements are met;—or

o Fail - one or more applicable requirements are not met.
Enter reason for failure in corrections notes field below;
or—

o All N/A - This entire table is not applicable

Correction Notes:
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The responsible person’s signature on this compliance document affirms that all
applicable requirements in this table have been met.

4.2 Market Analysis

4.2.1 Current Market Structure

The 2025 Statewide CASE Team performed a market analysis by reviewing 40 building
plans and conducting literature review with the goals of identifying current product
availability, and market trends. The market analysis found that pipe insulation, insulation
fabrication, and pipe support products are widely available for designers to specify and
for contractors to procure, and many options are available for contractors to meet the
pipe insulation code requirements through purchasing prefabricated products or
fabricating materials onsite. The proposed code change would have a small impact on
the market in general based on plan reviews, as designers were specifying piping
insulation to varying degrees above code requirements for most buildings.

DHW pipe insulation is typically installed by the plumbing subcontractor or an
independent insulation subcontractor. Plumbing subcontractors usually provide both
plumbing and insulation on smaller buildings, while larger buildings often have separate
contractors for plumbing and insulation installation.

Based on interviews with designers and contractors, the 2025 Statewide CASE Team
found widespread confusion on the current pipe insulation requirements based on
several factors. One general contractor interviewed works with the building inspector to
ensure they meet the inspector’s interpretation of the building requirements. Market
actors such as pipe insulation subcontractors are already uniformly insulating piping for
some clients, and they welcome the consistency that this measure would bring to their
industry.

Pipe insulation currently covers all supply and return pipes and fittings in Title 24, Part
6, Section 160.4. The existing code lacks language for some specific sections of the
piping system. As an example, there is no specific language mentioning the requirement
for adding uniform pipe insulation to cover the heating plant, appurtenances, pipe
supports, and branch piping leading from the loop. This measure would require
increased attention to detail by pipe insulation contractors to ensure that insulation is
complete and well installed.

The proposed code measure adds third-party field verification such as HERS Rater or
ATT personnel to verify that the installation of pipe insulation meets code requirements.

In addition to conducting personalized outreach, the Statewide CASE Team discussed
the current market structure and potential market barriers during a public stakeholder
meeting that the Statewide CASE Team held on February 17, 2023.
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4.2.2 Technical Feasibility and Market Availability
4.2.2.1 Technical Feasibility

Current pipe insulation design specifications and drawings are available and
comprehensive on a few plans and limited on many building plans reviewed. This
general lack of pipe insulation specification is likely a result of unclear pipe insulation
code language in current and prior versions of the energy code. Part of the solution is
the explicit code language proposed, which the designer can supplement with detailed
drawings and instructions. Training could be provided to the design community on new
code requirements and best practice plumbing design materials to ensure
comprehensive information is passed on to the contractor.

The Statewide CASE Team interviewed pipe insulation subcontractors and found that
they have the necessary skills and experience to install uniform pipe insulation on DHW
systems based on their experience with high-temperature fluid systems, such as steam
systems and meeting OSHA requirements, to minimize exposed pipe or appurtenances
to prevent scalding. If the proposed measure is approved, a problem may arise where
the specialized subcontractor labor force may need to expand to meet market demand.
Contractor training is needed to ensure their understanding of proper insulation
installation. Additionally, pipe insulation procurement and installation training should be
provided to general contractors and their staff to ensure they are aware of the proposed
code requirements.

In general practice, insulating piping for DHW systems is not prioritized to allow for
proper materials procurement of and to develop a plan for seamless installation.
Shortcuts are taken to reduce the overall cost associated with planning, procurement,
labor, and materials.

The Statewide CASE Team believes that the addition of explicit mandatory pipe
insulation language that requires continuous pipe insulation would make it easier to
complete field verification of pipe insulation installation, since the insulation
requirements are clear and consistent, and all the heating plant and hot water
distribution piping would be insulated with no gaps for easy visual inspection. Current
construction phasing practices may be a barrier to pipe insulation verification, where
drywall is often installed soon after pipe insulation is installed. This proposed pipe
verification component requires a window of time where pipe insulation is exposed
before drywall installation. If phasing is an issue, general contractors would need to
coordinate subcontractor schedules to allow for pipe insulation verification. For the 2022
Title 24, Part 6 code update cycle where insulation verification was first proposed, the
2022 Statewide CASE Team conducted interviews with designers and a HERS Rater to
discuss this issue and concluded that close coordination between the general
contractor/construction supervisor and HERS Rater is necessary to time the visits and
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limit the impact on the construction schedule, while maintaining an adequate sampling
rate. Interviewees thought that coordination was achievable if a sampling method was
used (one in seven DHW recirculation pipe risers for example) and would be an issue if
complete (100 percent) inspection was required.

4.2.2.2 Market Availability

Current Market by Insulation Type

The Statewide CASE Team reviewed 43 multifamily building plans in California. 30 of
the 43 (70 percent) buildings have insulation information.

18 of the buildings have individual water heating distribution systems. Among them:

e 8 have no insulation material information (44 percent)
e 6 have foam insulation (33 percent), and
e 4 have fiberglass insulation (22 percent)

25 of the buildings have central water heating distribution systems. Among them:

¢ 5 have no insulation material information (20 percent)
e 6 have foam insulation (24 percent), and
e 14 have fiberglass insulation (56 percent)

The fiberglass insulation market better serves the market need to provide uniform pipe
insulation for hot water piping with a wider range of products such as PVC elbow, tee
covers, and pipe jacketing that support contractors especially for custom fabrication
tasks, which are commonly required for insulating appurtenances.

Detailed Designer Pipe Insulation Requirements

The Statewide CASE Team reviewed pipe insulation language in detail on 23 new
construction and 9 retrofit project drawings. Of these, 16 of the 23 new construction
sites did not provide additional pipe insulation language beyond minimum code
requirements, and 7 projects provided additional pipe insulation information, as follows:

e 6 have pipe jacketing language (26 percent)

e 3 have pipe support insulation language (13 percent)

e 4 have language for sealed seams (17 percent)

e 5 have language for PVC fitting covers (22 percent)

e 2 have specific language on appurtenances (9 percent)

e 7 have language for heating plant pipe insulation (30 percent)

The Statewide CASE Team reviewed seven building plans that referenced the 2016 or
2019 Title 24, Part 6 Section 150.0 pipe insulation code language or associated
language in Section 5.3.5 in the Residential Compliance Manual with heating plant pipe
insulation language. If the 7 building plans with heating plant requirements referencing
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old residential low rise code sections are filtered out from the 23 projects reviewed, only
1 out of 16 high-rise buildings, or six percent, has comprehensive language for heating
plant insulation in their plan drawings.

Overall, The Statewide Team building plans analysis shows designers and developers
are not voluntarily incorporating continuous pipe insulation requirements into their
building plans indicating the need for mandatory language in code.

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 2025 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
to remain compliant with changes to design practices and building codes.

California’s construction industry comprises approximately 93,000 business
establishments and 943,000 employees (see Table 55). For 2022, total estimated
payroll would be about $78 billion. Nearly 72,000 of these business establishments and
473,000 employees are engaged in the residential building sector, while another 17,600
establishments and 369,000 employees focus on the commercial sector. The remainder
of establishments and employees work in industrial, utilities, infrastructure, and other
heavy construction roles (the industrial sector).

Table 55: California Construction Industry, Establishments, Employment, and
Payroll in 2022 (Estimated)

Annual
Establish) Employ| Payroll
ments ment| (Billions

Building Type |Construction Sectors

Residential All 71,889 472,974 31.2
Residential Building Construction Contractors 27,948 130,580 9.8
Residential Foundation, Structure, & Building Exterior 7,891 83,575 5.0
Residential Building Equipment Contractors 18,108 125,559 8.5
Residential Building Finishing Contractors 17,942 133,260 8.0
Commercial All 17,621 368,810 35.0
Commercial Building Construction Contractors 4,919 83,028 9.0
Commercial Foundation, Structure, & Building Exterior 2,194 59,110 5.0
Commercial Building Equipment Contractors 6,039 139,442 13.5
Commercial Building Finishing Contractors 4,469 87,230 7.4
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Annual
Establish Payroll
ments (Billions

$)

Building Type |Construction Sectors

Industrial, Utilities,

Infrastructure, & All 4,206 101,002 11.4
Other (Industrial+)

Industrial+ Building Construction 288 3,995 0.4
Industrial+ Utility System Construction 1,761 50,126 5.5
Industrial+ Land Subdivision 907 6,550 1.0
Industrial+ Highway, Street, and Bridge Construction 799 28,726 3.1
Industrial+ Other Heavy Construction 451 11,605 14

Source: (State of California n.d.)

The proposed change to pipe insulation verification and insulation enhancement would
likely affect multifamily residential builders but would not impact firms that focus on
construction and retrofit of industrial buildings, utility systems, public infrastructure, or
other heavy construction. The effects on the residential and commercial building
industry would not be felt by all firms and workers, but rather would be concentrated in
specific industry subsectors. Table 56 shows the residential building subsectors the
Statewide CASE Team expects to be impacted by the changes proposed in this report.
With the additional insulation The Statewide CASE Team’s estimates of the magnitude
of these impacts are shown in Section 4.2.4 Economic Impacts.

Table 56: Specific Subsectors of the California Residential Building Industry by
Subsector in 2022 (Estimated)

Annual Payroll
Residential Building Subsector Establishments| Employment (B|II|ons $)

New multifamily general contractors 6,344
Residential plumbing and HVAC contractors 9, 852 75,404
Source: (State of California n.d.)

4.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with changing building codes is within the normal
practices of building designers. Building codes (including Title 24, Part 6) are typically
updated on a three-year revision cycle and building designers and energy consultants
engage in continuing education and training to remain compliant with changes to design
practices and building codes.

Currently, designers seem to give pipe insulation minimal consideration on design
documents, aside from a minimum thickness table. This measure would require the
designer to be explicit about what gets insulated as a result of this enhanced insulation
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measure in the DHW piping system in their specifications, notes, or details on the plans.
The instructions must be so specific as to eliminate any doubt in an insulation
contractor’s mind about what needs to be insulated or where they may be able to take
liberties in their installation.

Businesses that focus on residential, commercial, institutional, and industrial building
design are contained within the Architectural Services sector (NAICS 541310). shows the
number of establishments, employment, and total annual payroll for Building Architectural
Services. The proposed code changes would potentially impact all firms within the
Architectural Services sector. While this is a multifamily measure, The Statewide CASE
Team anticipates the impacts for pipe insulation verification and insulation enhancement
to affect firms that focus multifamily and nonresidential construction.

There is not a NAICS?® code specific to 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.?8 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 57 provides an upper bound indication of the size of this sector in California.

Table 57: California Building Designer and Energy Consultant Sectors in 2022
(Estimated)

Architectural Services? 4,134 31,478 3,623.3
Building Inspection Services?® 1,035 3,567 280.7

Source: (State of California n.d.)

25 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.

26 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.

27 Architectural Services (NAICS 541310) comprises private-sector establishments primarily engaged in
planning and designing residential, institutional, leisure, commercial, and industrial buildings and structures.
28 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.
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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
DOSH. 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. However, adding insulation to appurtenances in a DHW
piping system would reduce the risk of scalds and burns from exposed pipe.

4.2.3.4 Impact on Building Owners and Occupants Including Homeowners
and Potential First-Time Homeowners

Residential Buildings

According to data from the U.S. Census ACS, there were more than 14.5 million
housing units in California in 2021 and nearly 13.3 million were occupied (see Table
58). Most housing units (nearly 9.42 million) were single family homes (either detached
or attached), approximately 2 million homes were in buildings containing 2 to 9 units,
and 2.5 million homes were in multifamily buildings containing 10 or more units. The
California Department of Revenue estimated that building permits for 67,300 single
family and 54,900 multifamily homes would be issued in 2022, up from 66,000 single
family and 53,500 multifamily permits issued in 2021.

Table 58: California Housing Characteristics in 20212°

Housing Measure ____ Estimate

Total housing units 14,512,281
Occupied housing units 13,291,541
Vacant housing units 1,220,740
Homeowner vacancy rate 0.7%
Rental vacancy rate 4.3%
Number of 1-unit, detached structures 8,388,099
Number of 1-unit, attached structures 1,030,372
Number of 2-unit structures 348,295
Number of 3- or 4-unit structures 783,663
Number of 5- to 9-unit structures 856,225
Number of 10- to 19-unit structures 740,126
Number of 20+ unit structures 1,828,547
Mobile home, RV, etc. 522,442

29 Total housing units as reported for 2021; all other housing measures estimated based on historical
relationships.
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Sources: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) n.d.)

Table 59 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 maijority 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 (Kenney 2019).

Table 59: Distribution of California Housing by Vintage in 2021 (Estimated)

Home Vintage mm Cumulative Percent

Built 2014 or later 348,296

Built 2010 to 2013 261,221 1.8 4.2
Built 2000 to 2009 1,581,839 10.9 15.1
Built 1990 to 1999 1,596,351 11.0 26.1
Built 1980 to 1989 2,191,354 15.1 41.2
Built 1970 to 1979 2,539,649 17.5 58.7
Built 1960 to 1969 1,915,621 13.2 71.9
Built 1950 to 1959 1,930,133 13.3 85.2
Built 1940 to 1949 841,712 5.8 91.0
Built 1939 or earlier 1,306,105 9.0 100.0
Total housing units 14,512,281 100.0 -

Sources: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) n.d.)

Table 60 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 an income below $50,000 is only 37 percent, whereas the
owner occupancy rate is 71 percent for households earning $100,000 or more.

Table 60: Owner- and Renter-Occupied Housing Units in California by Income in
2021 (Estimated)

Household Income Owner Occupied Renter Occupied

Less than $5,000 353,493 113,315 240,178
$5,000 to $9,999 254,304 74,939 179,366
$10,000 to $14,999 495,287 134,633 360,654
$15,000 to $19,999 412,498 144,064 268,435

2025 Title 24, Part 6 Final CASE Report — Multifamily Domestic Hot Water | 81



Household Income Owner Occupied Renter Occupied

$20,000 to $24,999 467,694 169,431 298,264
$25,000 to $34,999 906,996 355,968 551,028
$35,000 to $49,999 1,319,892 560,453 759,438
$50,000 to $74,999 2,036,560 990,769 1,045,791
$75,000 to $99,999 1,662,032 920,607 741,425
$100,000 to $149,999 2,307,889 1,490,247 817,642
$150,000 or more 3,074,895 2,337,651 737,244
Total Housing Units 13,291,541 7,292,076 5,999,465

Source: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) 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 58. 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 59 and Table 60.

Estimating Impacts

For California residents, the proposed code changes would result in lower energy bills.
The Statewide CASE Team estimates that on average the proposed change to Title 24,
Part 6 would increase construction cost by about $32 per multifamily dwelling unit, but
the measure would also result in an average savings of $1,999 in energy and
maintenance cost savings over 30 years. This is roughly equivalent to a $0.19 per
month increase in payments for a 30-year mortgage and a $5.55 per month reduction in
energy costs. Overall, the Statewide CASE Team expects the 2025 Title 24, Part 6
Standards to save homeowners about $64 per year relative to homeowners whose
dwelling units are minimally compliant with the 2022 Title 24, Part 6 requirements. As
discussed in section 4.2.4.1 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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4.2.3.5 Impact on Building Component Retailers (Including Manufacturers
and Distributors)

Because of the enhanced insulation measure additional insulation would be required to
insulate appurtenances and any piping not currently clearly called out in the code. The
Statewide CASE Team does expect insulation manufacturers and distributors to see an
increase in product sales and revenue.

4.2.3.6 Impact on Building Inspectors

The Statewide CASE Team does not expect building inspectors to be impacted by the
insulation verification measure. Table 61 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
education and training to stay current on all aspects of building regulations, including
energy efficiency. Therefore, the Statewide CASE Team anticipates the proposed
change would have no impact on employment of building inspectors or the scope of
their role conducting energy efficiency inspections.

Table 61: Employment in California State and Government Agencies with Building
Inspectors in 2022 (Estimated)

Annual PayroII

Administration of State 29.0
Housing Programs® Local 38 3,060 248.6
Urban and Rural State 38 764 71.3
Development Admin®' Local 52 2,481 2115

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

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 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 the
proposed change in insulation enhancement and verification would affect statewide
employment and economic output directly and indirectly through its impact on builders,

30 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.

31 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.
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designers and energy consultants, and building inspectors. In addition, the Statewide
CASE Team estimated how energy savings associated with the proposed change in
insulation enhancement and verification 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 2025 code cycle, the Statewide CASE Team used the IMPLAN model
software,®? along with economic information from published sources, and professional
judgement to develop estimates of the economic impacts associated with each of the
proposed code changes. Conceptually, IMPLAN estimates jobs created as a function of
incoming cash flow in different sectors of the economy, due to implementing a code or a
standard. The jobs created are typically categorized into direct, indirect, and induced
employment. For example, cash flow into a manufacturing plant captures direct
employment (jobs created in the manufacturing plant), indirect employment (jobs
created in the sectors that provide raw materials to the manufacturing plant) and
induced employment (jobs created in the larger economy due to purchasing habits of
people newly employed in the manufacturing plant). Eventually, IMPLAN computes the
total number of jobs created due to a code. The assumptions of IMPLAN include
constant returns to scale, fixed input structure, industry homogeneity, no supply
constraints, fixed technology, and constant byproduct coefficients. The model is also
static in nature and is a simplification of how jobs are created in the macro-economy.

The economic impacts developed for this report are only estimates and are based on
limited and to some extent speculative information. The IMPLAN model provides a
relatively simple representation of the California economy and, though the Statewide
CASE Team is confident that the 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 aspects 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 economic impacts presented below represent
lower bound estimates of the actual benefits 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 as well as indirectly as residents spend all or some of the money

32 IMPLAN employs economic data and advanced economic impact modeling to estimate economic
impacts for interventions like changes to the California Title 24, Part 6 code. For more information on the
IMPLAN modeling process, see www.IMPLAN.com.
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saved through lower utility bills on other economic activities.3® There may also be some
nonresidential 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 and would have measurable economic impacts.

The Statewide CASE Team anticipates no direct effect on designers or energy
consultants, so the values in Table 63 are zeroed out to indicate this condition.

Table 62: Estimated Impact that Adoption of the Proposed Measure would have
on the California Residential Construction
Labor| Total Value

Income Added
(Million) (Million)

Output
(Million)

Employment
(Jobs)

Type of Economic Impact

Direct Effects (Additional spending by

Residential Builders) 13.8  $1,091,715  $1,790,763 $2,183,900

Indirect Effect (Additional spending by
firms supporting Residential)

Induced Effect (Spending by employees

2.1 $154,469 $251,588 $433,874

of firms experiencing “direct” or 51 $349,540 $625,797 $996,031
“indirect” effects)
Total Economic Impacts 21.0 $1,595,723 $2,668,148 $3,613,805

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.3

Table 63: Estimated Impact that Adoption of the Proposed Measure would have
on the California Building Designers and Energy Consultants
Labor| Total Value

Income Added
(Million) (Million)

Output
(Million)

Employment
(Jobs)

Type of Economic Impact

Direct Effects (Additional spending by
Building Designers & Energy Consultants) 0.3  $31,610 $31,293  $49,462

Indirect Effect (Additional spending by firms
supporting Bldg. Designers & Energy
Consultants) 0.1 $9,412 $13,081 $21,057

Induced Effect (Spending by employees of
firms experiencing “direct” or “indirect”
effects) 0.2/ $11,796 $21,123| $33,621

Total Economic Impacts 0.6 $52,817 $65,497 $104,140
Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.

33 For example, for the lowest income group, the Statewide CASE Team assumes 100 percent of money
saved through lower energy bills would be spent, while for the highest income group, the Statewide CASE
Team assumes only 64 percent of additional income would be spent.

34 IMPLAN® model, 2020 Data, IMPLAN Group LLC, IMPLAN System (data and software), 16905
Northcross Dr., Suite 120, Huntersville, NC 28078 www.IMPLAN.com
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Table 64: Estimated Impact that Adoption of the Proposed Measure would have
on California Building Inspectors

Emplovment Labor Total Value Outout
Type of Economic Impact (Jolgs)y Income |Added (Milfi,on)
(Million) | (Million)

Direct Effects (Additional spending by 07 $70736  $94 557 $114.905
Building Inspectors) : ; ’ ,

Indirect Effect (Additional spending by
firms supporting Building Inspectors) 0.1 $7,385 $11,501 $20,031

Induced Effect (Spending by

employees of Building Inspection 0.4 $25,079 $44,925 $71,506
Bureaus and Departments)
Total Economic Impacts 1.2 $112,200 $150,983 $206,443

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.

4.2.4.1 Creation or Elimination of Jobs

The Statewide CASE Team does not anticipate that the measures proposed for the
2025 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, 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 pipe insulation and verification, 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.

4.2.4.3 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.3® Therefore,
the Statewide CASE Team does not anticipate that these measures proposed for the
2025 code cycle regulation would have an adverse effect on the competitiveness of

35 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.
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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).3¢ As Table 65 shows, between 2017 and 2021, NPDI as
a percentage of corporate profits ranged from a low of 18 in 2020 due to the worldwide
economic slowdowns associated with the COVID-19 pandemic to a high of 35 percent
in 2019, with an average of 26 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 65: Net Domestic Private Investment and Corporate Profits, U.S.

Net Domestic Private | Corporate Profits Ratio of Net Private

Year Investment by Businesses, After Taxes,| Investment to Corporate
Billions of Dollars | Billions of Dollars Profits (Percent)

2017 518.473 1882.460 28
2018 636.846 1977.478 32
2019 690.865 1952.432 35
2020 343.620 1908.433 18
2021 506.331 2619.977 19
5-Year Average - - 26

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

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, directly or indirectly, in any affected sectors of California’s economy.
Nevertheless, the Statewide CASE Team can derive a reasonable estimate of the
change in investment by California businesses based on the estimated change in
economic activity associated with the proposed measure and its expected effect on
proprietor income, which the Statewide CASE Team uses a conservative estimate of
corporate profits, a portion of which the Statewide CASE Team assumes would be
allocated to net business investment.3’

36 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.

37 26 percent of proprietor income was assumed to be allocated to net business investment; see Table
65.
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4.2.4.5 Incentives for Innovation in Products, Materials, or Processes

The additional insulation to appurtenances in DHW systems required by this measure
could well lead to advancements in insulation materials as well as insulation products
such as removable insulation blankets for appurtenances that need regular service or
access in the event of a replacement.

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

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

Cost of Enforcement

Cost to the State: State government already has a budget for code development,
education, and compliance enforcement. While state government would allocate
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.

Cost to Local Governments: All proposed code changes 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 2025 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
4.1.5 and Appendix E, 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.

4.2.4.7 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 code change may result in unintended consequences. Refer to Section 4.6 for
more details addressing energy equity and environmental justice.
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4.2.5 Fiscal Impacts

4.2.5.1 Mandates on Local Agencies or School Districts

There are no relevant mandates to school districts, because this only impacts
multifamily buildings. There are also no mandates for local agencies because the
requirements would be specified at the statewide level through Title 24, Part 6.

4.2.5.2 Costs to Local Agencies or School Districts

There are no costs to school districts, because this only impacts multifamily buildings.
For local agencies, there would be increases in work for building inspectors because
they would enforce the measure. Section 4.2.3.6 describes the impact on building
inspectors.

4.2.5.3 Costs or Savings to Any State Agency

There are no costs or savings to state agencies because they would not be involved in
enforcement of the measure.

4.2.5.4 Other Non-Discretionary Cost or Savings Imposed on Local
Agencies

There are no added non-discretionary costs or savings to local agencies.

4.2.5.5 Costs or Savings in Federal Funding to the State

There are no costs or savings to federal funding to the state due to the measure. The
proposed measure is a relatively small cost which the market would bear. The state
would not require federal funding to implement the proposed measure.

4.3 Energy Savings
4.3.1 Energy Savings Methodology

The Statewide CASE Team used a recirculation heat loss spreadsheet calculator (see
Appendix H for details) to assess the energy impact of the proposed code change. This
spreadsheet calculator used pipe heat loss calculation methods defined in the existing
2022 ACM Reference Manual. The spreadsheet calculator includes features to handle
detailed recirculation piping designs, insulation conditions, and recirculation flow
controls. In comparison, CBECC uses a simple recirculation model with six pipe
sections to streamline code compliance, but it is not capable of assessing energy
impact of complicated recirculation system designs found in real buildings. This
calculator was also used to support energy impact analysis during the 2022 California
Code Cycle for multifamily DHW distribution measures. Based on the output of the
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recirculation heat loss calculator, the Statewide CASE Team calculated site, source,
and LSC Savings as described in following sections.

4.3.1.1 Key Assumptions for Energy Savings Analysis

The CEC directed the Statewide CASE Team to assess the energy impacts of proposed
code change for four prototypical multifamily buildings, as shown in Table 26. Detailed
recirculation system piping configurations for these four prototypical buildings were
developed during the 2022 Code Cycle (see Appendix |I) and were incorporated into the
recirculation heat loss spreadsheet calculator to assess distribution heat loss. For each
prototypical building, the Statewide CASE Team developed two types of water heating
plant: one based on HPWHSs and the other based on gas boilers. The Statewide CASE
Team used the corresponding piping and appurtenance configurations to evaluate plant
pipe heat loss.

For distributions systems, the Statewide CASE Team assumed that the proposed
insulation enhancement requirements would have the same effect as reducing
uninsulated pipes by 15 percent of the total recirculation pipe surface area. For heating
plants, the Statewide CASE Team assumed that the proposed insulation enhancement
requirements would reduce uninsulated pipes to 15 percent of straight pipes and 30
percent of appurtenance surface areas. Table 66 provides key assumptions for energy
impact analysis for the proposed code change. Please see Appendix H for more details
on the percentage of pipes not insulated.

Table 66: Key Assumptions for Assessing Energy Impact of Insulation
Enhancement for New Construction

Key Assumption Proposed Case

LowRiseGarden: 52% LowRiseGarden: 37%
% of pipes not insulated LoadedCorridor: 43% LoadedCorridor: 28%
(Distribution system) MidRiseMixedUse: 38.5% MidRiseMixedUse: 23.5%
HighRiseMixedUse: 43% HighRiseMixedUse: 28%
% of pipes not insulated (Water  Straight pipes: 30% Straight pipes: 15%
heating plant) Appurtenances: 100% Appurtenances: 30%
Pipe sizing method for
distribution system and water CPC Appendix A CPC Appendix A

heating plant

Manual balancing valves Manual balancing valves set
Balancing valve configurations  set to have 0.5 GPM to have 0.5 GPM
recirculation flow per riser | recirculation flow per riser

Recirculation flow controls None None
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4.3.1.2 Energy Savings Methodology per Prototypical Building

First, The Statewide CASE Team calculated savings by fuel type. Electricity savings are
measured in terms of both energy usage and peak demand reduction. Natural gas
savings are quantified in terms of energy usage. The Statewide CASE Team, for each
prototypical multifamily building, used the spreadsheet calculator to obtain hourly
recirculation pipe heat loss for both the base case and proposed recirculation system. It
calculated the corresponding hourly DHW system energy consumption (Therm for
natural gas systems and kWh for HPWH systems) by dividing the hourly recirculation
pipe heat loss by the heating plant efficiency. The Statewide CASE Team obtained
annual site energy consumption for recirculation system operation by summing up the
hourly DHW system energy consumption for the whole year. It calculated the first-year
site energy savings (Therms/yr for natural gas systems and kWh/yr for HPWH systems)
of the proposed code change as the difference in annual site energy consumption
between the proposed and base case recirculation systems.

The Statewide CASE Team calculated, for both the base case and proposed
recirculation systems, annual peak electricity demand (kW) based on weighted average
of hourly kWh consumption during grid peak hours. The CEC provided both peak hours
and corresponding weighting factors. Then, the Statewide CASE Team calculated
annual peak reduction (kW) of the proposed code change as the difference in annual
peak electricity demand between the base case and proposed recirculation systems.

Second, the Statewide CASE Team calculated source energy savings. Source energy
represents the total amount of raw fuel required to operate a building. In addition to all
energy used from on-site production, source energy incorporates all transmission,
delivery, and production losses. The CEC provided hourly source energy factors, which
are strongly correlated with GHG emissions. The Statewide CASE Team calculated
source energy use in kilo British thermal units per year (kBtu/yr) by applying source
energy factors to hourly DHW system energy consumption and summing the hourly
results for the whole year. Source energy savings is calculated as the difference in
source energy use between the base and the proposed cases.

The hourly source energy values provided by the CEC are strongly correlated with GHG
emissions.3® The Statewide CASE Team calculated GHG emissions (metric tons of
carbon dioxide emissions equivalent) by applying hourly GHG emissions factors to
hourly DHW system energy consumption and summing the hourly results for the whole
year. GHG emissions reduction is calculated as the difference in GHG emissions
between the base and the proposed cases.

38 See hourly factors for source energy, LSC, and GHG emissions at
https://www.energy.ca.gov/files/2025-energy-code-hourly-factors
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Finally, the Statewide CASE Team calculated LSC savings, formerly known as TDV
energy cost savings. LSC Savings are calculated using hourly energy cost metrics for
both electricity and natural gas provided by the CEC. These LSC hourly factors are
projected over the 30-year life of the building, and incorporates the hourly cost of
marginal generation, transmission and distribution, fuel, capacity, losses, and cap-and-
trade-based CO2 emissions. The Statewide CASE Team applied 2025 LSC hourly
factors to hourly DHW system energy consumption and summed up hourly results for
the whole year to obtain LSC in 2026 PV$. LSC Savings are the difference in LSC
between the base and proposed cases.

Table 67: Prototype Buildings Used for Energy, Demand, Cost, and Environmental
Impacts Analysis

Number | Floor Area

Prototype

Name Description

8-unit apartment building. Gas fired and HPWH central
DHW heater serving a central recirculation loop. Water
LowRise heater is located on one end the of building at the ground
2 7,680 P . . . o
Garden level. Distribution piping runs horizontally in ceiling of
ground floor, vertically up four risers, and returns in the
ceiling of the second floor.%°

36-unit apartment building. Gas fired and HPWH central
DHW heater serving a central recirculation loop. Water
Loaded heater is located in a mechanical room at the ground
. 3 40,000 L 2 . . -
Corridor level. Distribution piping runs horizontally in ceiling of
ground floor, vertically up 13 risers, and returns in the
ceiling of the third floor.

(4-story residential, 1-story commercial), 88-unit building.
Gas fired and HPWH central DHW heater serving
dwelling units from a central recirculation loop. Water

5 113,100 heater is located in a mechanical room at the ground level
(commercial level). Distribution piping runs horizontally in
ceiling of second floor (first residential level), vertically up
22 risers, and returns in the ceiling of the fifth floor

MidRise
MixedUse

10-story (9-story residential, 1-story commercial), Gas
fired and HPWH central DHW heater serving dwelling
units from a central recirculation loop. Water heater is

10 125,400 |located on the roof. Distribution piping runs horizontally in
ceiling of top floor, vertically down 26 risers. There are
two pressure zones divided vertically, each with
horizontal supply and return piping.

HighRise
MixedUse

39 This DHW Distribution CASE topic and the Central HPWH CASE topic are analyzing a central system
in the Low-Rise Garden prototype. The Low-Rise Garden prototype for other CASE topics assumes
individual water heaters for each dwelling unit.
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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 68 presents precisely
which parameters were modified and what values were used in the Standard Design
and Proposed Design. Specifically, the proposed condition assumes an increase of 15
percentage points of the total recirculation pipe surface area from the base case.

Table 68: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change

Standard | Proposed

Climate . i
Prototype ID Zone Objects Modified | Parameter Name T "
LowRiseGarden All DHW Distribution ' Uninsulated Pipe 52% 37%
LoadedCorridor All DHW Distribution | Uninsulated Pipe 43% 28%
MidRiseMixedUse All DHW Distribution | Uninsulated Pipe 38.5% 23.5%
HighRiseMixedUse All DHW Distribution ' Uninsulated Pipe 43% 28%

The Statewide CASE Team calculates whole-building energy consumption for every
hour of the year measured in kilowatt-hours per year (kWh/yr) and therms per year
(thermsl/yr). It then applies the 2025 LSC hourly factors to calculate LSC savings in
2026 PV$, source energy factors to calculate source energy use in kilo British thermal
units per year (kBtu/yr), and hourly GHG emissions factors to calculate annual GHG
emissions in metric tons of carbon dioxide emissions equivalent.

The energy impacts of the proposed code change vary by climate zone. However, the
variations in site energy savings are small (less than one percent). For the loaded
corridor prototype building, the Statewide CASE Team assessed the energy impacts in
every climate zone and applied the climate-zone specific LSC hourly factors when
calculating energy and energy cost impacts. The variations in site energy savings are
small (less than one percent). Therefore, for the other three prototype buildings, the
Statewide CASE Team assessed the energy impacts for four representative climate
zones: 3, 9, 12, and 15, and then extrapolated to the other climate zones according to
the variation among climate zones for the base case.

Based on the energy analysis, the proposed case with uniform pipe insulation and
installation verification resulted in significant increase in energy savings across different
prototype building types and heating plant types. Table 69 summarizes the modeling
results for pipe heat loss savings in column 1 for distribution, and column 2 and 3 for the
gas water heater and HPWH based heating plant pipe heat loss savings from the base
to proposed case. Columns 4 and 5 total the gas and HPWH total DHW system pipe
heat loss savings when including the heat loss savings for the distribution piping.
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Table 69: Resulting Pipe Heat Loss Savings after Modeling Proposed Code
Change

Distribution| 2% WH  |HPWH Gas DHW |\ 6\wH DHW
Heating Heating system

Building type el Plant Pipe [Plant Pipe |Pipe Heat DR [F12E
Loss Heat Loss
) Heat Loss |Heat Loss |Loss .
Savings : . : Savings
Savings Savings Savings
Low-Rise Garden 14.0% 44.7% 36.0% 28.9% 24.3%
Low-Rise Loaded
Corridor 17.0% 45.1% 40.0% 27.7% 24.4%
Mid-Rise Mixed Use 19.0% 48.9% 45.0% 28.2% 24.6%
High-Rise Mixed Use 17.0% 50.9% 47.0% 30.5% 25.5%

Per-unit energy impacts for multifamily buildings are presented in savings per residential
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. This step enables a calculation of statewide savings using the
construction forecast that is published in terms of number of multifamily dwelling units
by climate zone.

4.3.1.3 Statewide Energy Savings Methodology

The per-unit energy impacts were extrapolated to statewide impacts using the
Statewide Construction Forecasts that the CEC provided. The Statewide Construction
Forecasts estimate new construction/additions that would occur in 2026, the first year
that the 2025 Title 24, Part 6 requirements are in effect (California Energy Commission
2022). The construction forecast provides construction (new construction/additions and
existing building stock) by building type and climate zone, as shown in Appendix A.

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

4.3.2 Per-Unit Energy Impacts Results

Energy savings and peak demand reductions per unit are presented in Table 70 through
Table 75. The per-unit energy savings figures do not account for naturally occurring
market adoption or compliance rates.

For HPWH-Pipe Insulation LowRiseGarden, per-unit annual savings are expected to
range from 229 to 256 kWh/unit depending upon climate zones. There is no gas usage
in all climate zones for both base case and proposed case. Demand reductions are
expected to range between 28 kW and 30 kW depending on the climate zone.

For HPWH-Pipe Insulation LoadedCorridor, per-unit annual savings are expected to
range from 159 to 184 kWh/unit depending upon climate zones. There is no gas usage
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in all climate zones for both base case and proposed case. Demand reductions are
expected to range between 20 kW and 21 kW depending on the climate zone.

For HPWH-Pipe Insulation MidRiseMixedUse, per-unit annual savings are expected to
range from 165 to 192 kWh/unit depending upon climate zones. There is no gas usage
in all climate zones for both base case and proposed case. Demand reductions are
expected to range between 19 kW and 23 kW depending on the climate zone.

For HPWH-Pipe Insulation HighRiseMixedUse, per-unit annual savings are expected to
range from 154 to 177 kWh/unit depending upon climate zones. There is no gas usage
in all climate zones for both base case and proposed case. Demand reductions are
expected to range between 18 kW and 21 kW depending on the climate zone.

For Gas-Pipe Insulation LowRiseGarden, there are no per-unit electricity saving in all
climate zones for the base case. The per-unit natural gas savings range from 2291 to
2406. There are no demand reductions for any of the climate zones.

For Gas-Pipe Insulation LoadedCorridor, there are no per-unit electricity saving in all
climate zones for the base case. The per-unit natural gas savings range from 1345 to
1448. There are no demand reductions for any of the climate zones.

For Gas-Pipe Insulation MidRiseMixedUse, there are no per-unit electricity saving in all
climate zones for the base case. The per-unit natural gas savings range from 1337 to
1607. There are no demand reductions for any of the climate zones.

For Gas-Pipe Insulation HighRiseMixedUse, there are no per-unit electricity saving in all
climate zones for the base case. The per-unit natural gas savings range from 1524 to
1622. There are no demand reductions for any of the climate zones.
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Table 70: Annual Electricity Savings (kWh) Per Dwelling Unit - HPWH-Pipe Insulation

LowRiseGarden 256 242 244 241 250 239 236 235 236 237 240 240 239 239 229 244
LoadedCorridor 184 171 172 170 178 168 166 165 166 167 169 169 168 169 159 173
MidRiseMixedUse 192 178 180 177 186 175 172 171 172 173 176 176 175 175 165 180

HighRiseMixedUse 177 166 167 164 172 163 160 160 160 161 164 164 163 163 154 167

Table 71: Annual Peak Demand Reduction (kW) Per Dwelling Unit — HPWH-Pipe Insulation

LowRiseGarden

LoadedCorridor 21 20 20 20 21 20 20 20 20 20 20 20 20 20 20 20
MidRiseMixedUse 23 21 21 21 22 21 20 20 20 20 21 21 21 21 19 21
HighRiseMixedUse 21 19 20 19 20 19 19 19 19 19 19 19 19 19 18 20

Table 72: Annual Source Energy Savings (kBtu) Per Dwelling Unit - HPWH-Pipe Insulation

LowRiseGarden 445 421 423 418 435 415 410 409 414 412 417 420 415 416 402 424
LoadedCorridor 314 300 301 208 308 297 291 292 293 295 298 298 297 298 282 302
MidRiseMixedUse 337 312 314 309 326 306 301 300 301 303 308 308 306 307 288 315

HighRiseMixedUse 310 289 291 287 301 284 280 279 280 282 285 286 284 285 269 292

Table 73: Annual LSC Savings (2026 PV$) Per Dwelling Unit — HPWH-Pipe Insulation

LowRiseGarden 1,728 1,636 1,644 1,620 1,686 1,615 1,581 1,587 1,596 1,599 1,613 1,617 1,603 1,612 1,547 1,654
LoadedCorridor 1,233 1,160 1,165 1,145 1,200 1,141 1,111 1,118 1,122 1,128 1,140 1,141 1,134 1,139 1,078 1,173
MidRiseMixedUse 1,301 1,206 1,215 1,190 1,258 1,183 1,152 1,155 1,160 1,167 1,183 1,184 1,173 1,181 1,107 1,222
HighRiseMixedUse 1,198 1,119 1,126 1,106 1,162 1,101 1,074 1,077 1,082 1,087 1,100 1,101 1,092 1,099 1,037 1,133
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Table 74: Annual Natural Gas Savings (kBtu) Per Dwelling Unit — Gas-Pipe Insulation

LowRiseGarden 2,406 2,348 2,354 2,342 2,381 2,334 2,322 2,319 2,322 2,327 2,338 2,338 2,333 2,336 2,291 2,355
LoadedCorridor 1,448 1,396 1,401 1,390 1,426 1,383 1,372 1,370 1,373 1,377 1,387 1,387 1,382 1,385 1,345 1,402
MidRiseMixedUse @ 1,427 1,367 1,373 1,360 1,401 1,352 1,340 1,337 1,591 1,345 1,356 1,607 1,351 1,354 1,559 1,374
HighRiseMixedUse 1,622 1,573 1,577 1,567 1,601 1,560 1,550 1,548 1,551 1,554 1,564 1,564 1,559 1,562 1,524 1,579

Table 75: Annual Source Energy Savings (kBtu) Per Dwelling Unit — Gas-Pipe Insulation

LowRiseGarden 2179 2126 2131 2120 2156 2100 2081 2086 2089 2093 2117 2117 2112 2101 2061 2119
LoadedCorridor 1311 1264 12688 1259 1291 1244 1230 1232 1235 1239 1256 1256 1251 1246 1210 1262
MidRiseMixedUse 1292 1238 1243 1232 1268 1217 1201 1202 1431 1210 1228 1455 1223 1218 1402 1236
HighRiseMixedUse 1469 1424 1428 1419 1449 1404 1390 1392 1395 1398 1416 1416 1412 1405 1371 1420

Table 76: Annual LSC Savings (2026 PV$) Per Dwelling Unit — Gas-Pipe Insulation

LowRiseGarden 2,868 2,798 2,805 2,791 2,838 2,785 2,776 2,767 2,772 2,776 2,786 2,787 2,780 2,787 2,734 2,810
LoadedCorridor 1,724 1,665 1,671 1,658 1,699 1,652 1,642 1,636 1,639 1,644 1,654 1,655 1,649 1,654 1,605 1,674
MidRiseMixedUse 1,702 1,630 1,637 1,622 1,671 1,615 1,603 1,596 1,899 1,606 1,618 1,916 1,611 1,617 1,861 1,641
HighRiseMixedUse 1,934 1,875 1,880 1,868 1,908 1,863 1,854 1,847 1,851 1,855 1,864 1,864 1,859 1,865 1,819 1,884
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4.4 Cost and Cost-Effectiveness

4.4.1 Energy Cost Savings Methodology

Energy cost savings were calculated by applying the LSC hourly factors to the energy
savings estimates that were derived using the methodology described in Section 4.3.1.
LSC hourly factors are 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 30-year period of analysis.

The CEC requested LSC savings over the 30-year period of analysis in both 2026 PV$
and nominal dollars. The cost-effectiveness analysis uses LSC values in 2026 PV$.
Costs and cost-effectiveness using 2026 PV$ are presented in Section 4.4.5 of this
report. The CEC uses results in nominal dollars to complete the Economic and Fiscal
Impacts Statement (From 399) for the entire package of proposed change to Title 24,
Part 6. Appendix G: Energy Cost Savings in Nominal Dollars presents LSC savings
results in nominal dollars.

This proposed code change does not apply to additions and/or alterations.

4.4.2 Energy Cost Savings Results

Per-unit energy cost savings for newly constructed buildings in terms of LSC savings
realized over the 30-year period of analysis are presented in 2026 PV$ in Table 77
through Table 84. The results show a range of savings ranging from $1,000 to $2,900
depending on the prototype building and gas or electric HP based DHW system.

The LSC methodology allows peak electricity savings to be valued more than electricity
savings during non-peak periods. This measure addresses energy savings both during
peak and non-peak hours.

Any time code changes impact cost, there is potential to disproportionately impact DIPs.
Refer to Section 4.6 for more details addressing energy equity and environmental
justice.
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Table 77: 2026 PV 30-year LSC Savings — Per Dwelling Unit Table 78: 2026 PV 30-year LSC Savings — Per Dwelling Unit
— New Construction and Additions — LowRiseGarden — — New Construction and Additions — LoadedCorridor —

HPWH-Pipe Insulation HPWH-Pipe Insulation

30-Year LSC| Total 30-Year
Gas Savings| LSC Savings

30-Year LSC 30-Year LSC| Total 30-Year

Climate

Climate | 30-Year LSC Electricity

Electricity Savings Gas Savings| LSC Savings

Aot Savings (2026 PV'$)  “5006pv'g) (2026 PV $) £one (2026 PV $) (2026 PV'$)| (2026 PV $)
1 $1,728 $0 $1,728 1 $1,233 $0 $1,233
2 $1,636 $0 $1,636 2 $1,160 $0 $1,160
3 $1,644 $0 $1,644 3 $1,165 $0 $1,165
4 $1,620 $0 $1,620 4 $1,145 $0 $1,145
5 $1,686 $0 $1,686 5 $1,200 $0 $1,200
6 $1,615 $0 $1,615 6 $1,141 $0 $1,141
7 $1,581 $0 $1,581 7 $1,111 $0 $1,111
8 $1,587 $0 $1,587 8 $1,118 $0 $1,118
9 $1,596 $0 $1,596 9 $1,122 $0 $1,122
10 $1,599 $0 $1,599 0 $1,128 $0 $1,128
11 $1,613 $0 $1,613 11 $1,140 $0 $1,140
12 $1,617 $0 $1,617 12 $1,141 $0 $1,141
13 $1,603 $0 $1,603 13 $1,134 $0 $1,134
14 $1,612 $0 $1,612 14 $1,139 $0 $1,139
15 $1,547 $0 $1,547 15 $1,078 $0 $1,078
16 $1,654 $0 $1,654 16 $1,173 $0 $1,173
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Table 79: 2026 PV 30-year LSC Savings — Per Dwelling Unit Table 80: 2026 PV 30-year LSC Savings — Per Dwelling Unit

— New Construction and Additions — MidRiseMixedUse — — New Construction and Additions — HighRiseMixedUse —
HPWH-Pipe Insulation HPWH-Pipe Insulation
Climate '39-Year 'LSC 30-Year 'LSC Total 30-_Year Climate _39-Year _LSC 30-Year !.SC Total 30-Year
Zone Electricity Savings Gas Savings| LSC Savings Zone Electricity Savings Gas Savings LSC Savings
(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
01 $1,301 $0 $1,301 1 $1,198 $0 $1,198
02 $1,206 $0 $1,206 2 $1,119 $0 $1,119
03 $1,215 $0 $1,215 3 $1,126 $0 $1,126
04 $1,190 $0 $1,190 4 $1,106 $0 $1,106
05 $1,258 $0 $1,258 5 $1,162 $0 $1,162
06 $1,183 $0 $1,183 6 $1,101 $0 $1,101
07 $1,152 $0 $1,152 7 $1,074 $0 $1,074
08 $1,155 $0 $1,155 8 $1,077 $0 $1,077
09 $1,160 $0 $1,160 9 $1,082 $0 $1,082
10 $1,167 $0 $1,167 10 $1,087 $0 $1,087
11 $1,183 $0 $1,183 11 $1,100 $0 $1,100
12 $1,184 $0 $1,184 12 $1,101 $0 $1,101
13 $1,173 $0 $1,173 13 $1,092 $0 $1,092
14 $1,181 $0 $1,181 14 $1,099 $0 $1,099
15 $1,107 $0 $1,107 15 $1,037 $0 $1,037
16 $1,222 $0 $1,222 16 $1,133 $0 $1,133
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Table 81: 2026 PV 30-year LSC Savings — Per Dwelling Unit Table 82: 2026 PV 30-year LSC Savings — Per Dwelling Unit

— New Construction and Additions — LowRiseGarden — Gas- — New Construction and Additions — LoadedCorridor — Gas-
Pipe Insulation Pipe Insulation

Climate '39-Year 'LSC 30-Year 'LSC Total 30-_Year Climate _39-Year _LSC 30-Year _LSC Total 30-Year
Zone Electricity Savings Gas Savings LSC Savings Zone Electricity Savings Gas Savings| LSC Savings
(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)

1 $0 $2,868 $2,868 1 $0 $1,724 $1,724
2 $0 $2,798 $2,798 2 $0 $1,665 $1,665
3 $0 $2,805 $2,805 3 $0 $1,671 $1,671
4 $0 $2,791 $2,791 4 $0 $1,658 $1,658
5 $0 $2,838 $2,838 5 $0 $1,699 $1,699
6 $0 $2,785 $2,785 6 $0 $1,652 $1,652
7 $0 $2,776 $2,776 7 $0 $1,642 $1,642
8 $0 $2,767 $2,767 8 $0 $1,636 $1,636
9 $0 $2,772 $2,772 9 $0 $1,639 $1,639
10 $0 $2,776 $2,776 10 $0 $1,644 $1,644
11 $0 $2,786 $2,786 11 $0 $1,654 $1,654
12 $0 $2,787 $2,787 12 $0 $1,655 $1,655
13 $0 $2,780 $2,780 13 $0 $1,649 $1,649
14 $0 $2,787 $2,787 14 $0 $1,654 $1,654
15 $0 $2,734 $2,734 15 $0 $1,605 $1,605
16 $0 $2,810 $2,810 16 $0 $1,674 $1,674
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Table 83: 2026 PV 30-year LSC Savings — Per Dwelling Unit Table 84: 2026 PV 30-year LSC Savings — Per Dwelling Unit

— New Construction and Additions — MidRiseMixedUse — — New Construction and Additions — HighRiseMixedUse —
Gas-Pipe Insulation Gas-Pipe Insulation
Climate '39-Year 'LSC 30-Year 'LSC Total 30-_Year Climate _39-Year _LSC 30-Year _LSC Total 30-Year
Zone Electricity Savings Gas Savings| LSC Savings Zone Electricity Savings| Gas Savings| LSC Savings
(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
1 $0 $1,702 $1,702 1 $0 $1,934 $1,934
2 $0 $1,630 $1,630 2 $0 $1,875 $1,875
3 $0 $1,637 $1,637 3 $0 $1,880 $1,880
4 $0 $1,622 $1,622 4 $0 $1,868 $1,868
5 $0 $1,671 $1,671 5 $0 $1,908 $1,908
6 $0 $1,615 $1,615 6 $0 $1,863 $1,863
7 $0 $1,603 $1,603 7 $0 $1,854 $1,854
8 $0 $1,596 $1,596 8 $0 $1,847 $1,847
9 $0 $1,899 $1,899 9 $0 $1,851 $1,851
10 $0 $1,606 $1,606 10 $0 $1,855 $1,855
11 $0 $1,618 $1,618 11 $0 $1,864 $1,864
12 $0 $1,916 $1,916 12 $0 $1,864 $1,864
13 $0 $1,611 $1,611 13 $0 $1,859 $1,859
14 $0 $1,617 $1,617 14 $0 $1,865 $1,865
15 $0 $1,861 $1,861 15 $0 $1,819 $1,819
16 $0 $1,641 $1,641 16 $0 $1,884 $1,884
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4.4.3 Incremental First Cost

4.4.3.1 Background on Basis of Design

Incremental first cost is the initial cost to adopt more efficient equipment or building
practices as compared to the cost of an equivalent baseline project. The Statewide
CASE Team considers first costs in evaluating overall measure Cost-Effectiveness.
Incremental first costs are based on project data currently available, interviews, and
standard practice in the multifamily construction.

The Statewide CASE Team developed a heating plant and distribution system piping for
each prototype and worked with one mechanical contractor to estimate the costs for the
base case and proposed case design. Based on the plumbing designs, the Statewide
CASE Team calculated the total length of pipe for each pipe size for each prototype
building in the base case and the proposed case for the hot water distribution system.
These piping calculations are detailed in Appendix I.

The CPC Appendix A pipe diameter, length of pipe and list of appurtenances is used by
the contractors for calculation of pipe insulation base and proposed case installed cost.
The mechanical contractors provided pipe insulation material and labor cost estimates
for complete installation of the hot water distribution piping, heating plant piping and
associated appurtenances, fittings, and pipe supports. The cost estimate includes
associated overhead, design and engineering, permit, testing, and inspection, and a
contractor profit or market factor.

4.4.3.2 Pipe Insulation Language Cleanup

The Statewide CASE Team determined the incremental cost for the pipe insulation
language updates, including additional insulation for fittings and appurtenances in both
the distribution system and heating plant sections beyond current base case piping
insulation requirements.

The Statewide CASE Team calculated the total pipe length for the distribution hot water
and recirculation piping from the building prototype designs which are represented in
Table 85. Note that both a gas and heat pump water heating system were considered
and analyzed separately.
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Table 85: Total Length (Feet) of Each Pipe Size - Base and Proposed Case Design

Pive Diameter Total Piping Number of
P Length (ft)| Pipe Supports
4" 53 7

Baseline Distribution Supply and
Return

Baseline Gas Water Heater Plant

Baseline Heat Pump Water Heater Plant

Baseline Gas Water Heater Plant
Baseline Heat Pump Water Heater Plant

g
2.5"
o
1.5"
1.25"
1
0.75"
0.5"
All
6"
5"
4"
gn
2.5"
on
1.5"
1.25"
A
0.75"
0.5"
All

2.5"

1.5"
1.25"
T
0.75"
0.5"
All
Total
Total

91
73
85
939

338
744

2,323

68

48

12

o O O o o

128

68

12

12
12

24

128

2,451
2,451

11
9
11
117
0
42
93
0
290
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
290
290
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The Statewide CASE Team calculated the total number of appurtenances for the
distribution and heating plant systems for each building prototype, shown in Table 86
through Table 88. Due to the complexity of the piping system in the heating plants, there
are significantly more appurtenances. The heating plant appurtenances are generally
larger in physical size than the distribution system appurtenances and collectively
represent a significant opportunity to save energy by ensuring that they are insulated.

Table 86: Total Appurtenance (Piping Specialty) Count - Distribution System

# Ball Valves| # Balancing Valves # Pipe Supports
0

Low-Rise
Garden
Style

Low-Rise
Loaded
Corridor

Mid-Rise
Mixed Use

High-Rise
Mixed Use

1/2" 0 0 1
3/4" 10 4 0 21
17 1 0 0 4
11/4" 0 0 0 0
11/2" 0 0 0 7
2’ 0 0 0 3
21/2" 0 0 0 0
3” 0 0 0 0
4" 0 0 0 0
1/2” 0 0 3 0
3/4" 12 12 0 56
1” 3 0 0 23
11/4" 0 0 0 0
11/2" 9 0 0 19
2’ 0 0 0 3
21/2" 0 0 0 11
3” 0 0 0 3
4" 0 0 0 0
1/2” 0 0 5 0
3/4" 22 22 0 93
1” 0 0 0 42
11/4" 0 0 0 0
11/2" 22 0 0 117
2’ 0 0 0 11
21/2" 0 0 0 9
3" 0 0 0 11
4" 0 0 0 7
2’ 0 0 0 7
21/2" 0 0 0 21
3" 0 0 0 16
4” 0 0 0 1
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Table 87: Total Appurtenance (Piping Specialty) Count - Gas Heating Plant
System

Tvoe Pipe | #Ball| #Bal. #| # Check # #Hose| # #| #Man.
yp Size | Valves| Valves| PRV| Valves| Wyes| Bibbs| 90°| Tees Vent
0 0 0 0 0 0 O 0

1/2" 0 0 0

3/4" 5 2 0 4 0 1. 0 2 1 0 1

17 o] o] 2 O 0 0 0 0 0 0 0

Low-Rise 11/2" 3 0 o0 1 2 2 15 7 0 1 1
Garden 2’ 6 0 0 1 1 0 15 1 2 8 0
Style 212 0 0 0 o0 0 0 0 O 0 0 0
oE 0 0 o0 o0 0 0 0 0 0 0 0

4 0 o0 o0 o 0 0 0 0 0 0 0

5" 0 0 0 O 0 0 0 O 0 0 0

6’ 0 0 o0 o0 0 0 0 0 0 0 0

1/2" 0 o0 o0 o 0 0 0 0 0 0 0

3/4" 6 0 0 o0 0 0 0 O 0 0 0

E o] 2| 3 30 1 0 1 1 0 1

112 0 0 0 o0 0 0 0 O 0 0 0
tg‘;"o'l':ése 2’ 5. 0 0 3 4 4 19 3 0 1 2
Comidor 212" 0 0 0 o0 0 0 0 0 0 0 0
i 8 0 0 1 1 0 22 11 2 11 0

4 0 o0 o0 o 0 0 0 O 0 0 0

5" 0 0 o0 o 0 0 0 0 0 0 0

6" 0 0 o0 o0 0 0 0 O 0 0 0

172" 0 0 0 o 0 0 0 O 0 0 0

3/4" 5 0 0 o0 0 0 0 O 0 0 0

1" 0 0 4 o 0 0 0 O 0 0 0

Mid-Rise 112" 0 0 0 o 0 0 0 0 0 0 0
Mixed 2" 2l 2| o 4 0 1. 0 2 1 0 1
Use 212 0 0 0 o 0 0 0 0 0 0 0
ZF 7 0 o0 3 6 6 27 4 0 1 3

4 10 0 0 1 1 0 25 14 2 14 0

5 0 0 0 o 0 0 0 O 0 0 0

6" 0 0 o0 o0 0 0 0 O 0 0 0

1/2" 0 0 o0 O 0 0 0 0 0 0 0

3/4" 7 0 o0 o0 0 0 0 O 0 0 0

1” 4 4 6 6 0 2 0 0 2 0 2

High- 112" 0 0 0 o0 0 0 0 O 0 0 0
Rise o 2| 0| o 2l 0o 0 6 2 0 2 0
Mixed 212 0 0 0 o0 0 0 0 O 0 0 0
Use R 6 0 0 3 6 6 24 4 0 0 3
4 4 0 0 o0 0 0 14 19 0 4 0

5" 0 0 0 o0 0 0 0 O 0 0 0

6" 12 0 o0 1 2 0 26 1 2 18 0
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0 0 0

2

12

1

1

0

0

# Bal. #| # Check #| #Hose #90° #| #Man.
Valves| PRV| Valves| Wyes| Bibbs Tees| Vent
2

I
S
1/2” 2

Table 88: Total Appurtenance (Piping Specialty) Count - HPWH Heating Plant

System

Pipe #Ba

5

3/4"

17!
11/2"

1

Low-Rise
Garden
Style

21

27!
21/2"

0

8

10 40

5

10

1/2"

5

3/4"

17!
11/2"

0

27!
21/2"

Low-Rise
Loaded

0

Corridor

21

6!!

1/2"

4

3/4"

16

0

11/2"

2”
21/2"

Mid-Rise
Mixed
Use

0

3!!

27

4”

6!!

1/2"

5
12

3/4"

16

10

2

17!
11/2"

0

High-
Rise

0

21/2"

Mixed
Use

12
22

3!!

4!!

6!!
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The Statewide CASE Team received insulation material and labor costs for insulating
piping and appurtenances from one mechanical contractor for the base and proposed
cases for both gas and HPWH heating plants, as shown in Table 89 through Table 92. It
should be noted that although the appurtenance counts were presented to the
contractor for pricing and is shown here, the costs for insulation were presented as a
total cost per foot of pipe and did not vary depending on appurtenance counts. The
additional material and labor costs for the proposed case represent the additional
material and labor hours required to insulate the appurtenances and pipe supports per
the proposed pipe insulation language cleanup measure.

Costs proved by the contractor were received in dollars per foot of pipe including

material and labor for complete installation, additionally a 10 percent overhead was
added. To estimate the labor hours/labor cost, a 50/50 split was applied to the dollars per
foot to separate materials and labor, then the 10 percent overhead was added to the
calculated labor.

Table 89: Material and Labor Costs for Base Case (Gas Plant)

Insulation
MF Building Type Material Cost Labor Rate

Low-Rise Garden Style $3,743 $100 $8,823
Low-Rise Loaded Corridor $10,587 130 $100 $23,544
Mid-Rise Mixed Use $26,722 311 $100 $57,848
High-Rise Mixed Use $28,616 338 $100  $62,427

Table 90: Material and Labor Costs for Proposed Case (Gas Plant)

Insulation
MF Building Type Material Cost Labor Rate

Low-Rise Garden Style $4,252 $100 $9,843
Low-Rise Loaded Corridor $12,155 145 $100  $26,681
Mid-Rise Mixed Use $30,711 351 $100 $65,827
High-Rise Mixed Use $32,885 381 $100 $70,966

Table 91: Material and Labor Costs for Base Case (HPWH Plant)

Insulatlon

Low-Rise Garden Style $3,803 $100 $9,070
Low-Rise Loaded Corridor $10,691 134 $100 $24,070
Mid-Rise Mixed Use $26,570 310 $100 $57,544
High-Rise Mixed Use $28,411 336 $100 $62,017
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Table 92: Material and Labor Costs for Proposed Case (HPWH Plant)

Insulation
MF Building Type Material Cost Labor Rate

Low-Rise Garden Style $4,324 $100 $10,113
Low-Rise Loaded Corridor $12,274 150 $100 $27,236
Mid-Rise Mixed Use $30,545 349 $100 $65,494
High-Rise Mixed Use $32,662 379 $100 $70,518

The Statewide CASE Team calculated the total incremental per building prototype for
the gas and HPWH heating plants in Table 93 and Table 94, respectively. The last
column shows the incremental cost per dwelling unit.

Table 93: Proposed Case Incremental Cost Per Prototype (Gas Plant)

Total Average
MF Building Type Baseline| Proposed Incremental| Incremental Cost
Cost| per Dwelling Unit

Low-Rise Garden $8,823 $9,843 $1,020 $127
Low-Rise Loaded Corridor $23,544 $26,681 $3,137 $87
Mid-Rise Mixed Use $57,848 $65,827 $7,979 $91
High-Rise Mixed Use $62,427 $70,966 $8,539 $73

Table 94: Proposed Case Incremental Cost Per Prototype (HPWH Plant)

Total Average
MF Building Type Baseline| Proposed Incremental| Incremental Cost
Cost| per Dwelling Unit

Low-Rise Garden $9,070 $10,113 $1,043 $130
Low-Rise Loaded Corridor $24,070 $27,236 $3,166 $88
Mid-Rise Mixed Use $57,544 $65,494 $7,950 $90
High-Rise Mixed Use $62,017 $70,518 $8,501 $73

4.4.3.3 Pipe Insulation Verification

The Statewide CASE Team estimated the pipe insulation verification first cost based on
an interview with a HERS Raters manager on the verification process and associated
labor hours. Because there is currently no requirement for field verification of pipe
insulation, there is no cost for this in the base case.

The Statewide CASE Team interviewed a former manager of a HERS Raters team that
worked on new construction and retrofit projects of single family and multifamily
buildings. The Statewide CASE Team inquired about the typical verification process,
time estimates to verify buildings of different floor areas, whether the HERS Raters
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would charge an hourly rate or a flat fee per site visit, how long verification of a DHW
distribution system would take, and whether construction phasing is an issue that
impacts the verification process.

The Statewide CASE Team developed expected costs based on the HERS Rater
manager interview. The Statewide CASE Team assumed that the cost for the pipe
insulation verification is based on the floor area over which the verification takes place
and the number of pipe risers. The Statewide CASE Team also assumed that a HERS
Rater or an ATT would conduct the verification, and it assumed that the costs for HERS
and ATT are comparable.

Based on the interview with the HERS Rater manager, the Statewide CASE Team
assumed that a HERS Rater or ATT could verify 10,000 square feet of floor area in
three and a half hours and would have a labor rate of $250 per hour.

The Statewide CASE Team estimated first costs from inspecting a portion of the total
piping that requires insulation for cost-effectiveness and statewide impacts analysis,
because sampling addresses concerns about coordinating inspections with construction
sequencing. The portions of piping are:

e Inspect all pipe insulation in the mechanical/boiler room where water heating
equipment resides, or all outdoor pipes if the water heater is outdoors.

e Inspect all pipe insulation on horizontal distribution pipes that function as a
supply header, up to the point of connection with riser pipes. Supply header is
piping between the water heater and vertical risers that run up or down the
building.

e Inspect a sample of pipe insulation on vertical pipe risers. The sample rate shall
be one in two risers. Riser inspection shall include the entire vertical length of
DHW recirculation riser pipe, including offsets and horizontal portions of
recirculation loop, up to the point of connection of the branch pipe (non-
recirculating) to dwelling units.

Table 95 shows the number of hours needed to verify each prototype for based on the
assumption of the floor area a HERS Rater or ATT could verify in one hour and the
number of risers.

Table 95: Total Verification Hours for Inspection by Prototype

Low-Rise Low-Rise Loaded
Garden Corridor

Verify First Level of Piping
with 50% of Risers

Source: Statewide CASE Team

13.8
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In addition to the labor cost of the verification, the Statewide CASE Team assumed the
HERS Rater or ATT would travel an average of 100 miles to the building for each trip
required, at a mileage rate of $0.655. This results in a cost of $65.50 per trip. To
determine the number of trips required for each verification option and prototype, the
Statewide CASE Team calculated the total number of hours needed to verify a building
based on the three and a half hours per 10,000 square feet estimate above, in addition
to assuming a HERS Rater/ATT would spend no more than five hours on site in a day. If
nine hours were needed to verify a building, the Statewide CASE Team assumed two
trips. Construction phasing could impact the number of trips required to complete an
inspection. The Statewide CASE Team added an additional two trips per building to
account for potential delays associated with construction phasing. Table 96 shows the
number of trips required for each prototype.

Table 96: Number of Trips Required by Prototype — First level of piping with
sampling of risers

Low-Rise Garden Low-Rise Loaded Corridor mm
3 4 5 5

Source: Statewide CASE Team

Table 97 shows the total verification cost by building prototype based on these
assumptions. Note that the total verification cost listed is the same as the incremental
cost, because there is no cost for piping insulation verification in the base case. Option
one costs are largest for Mid-Rise Mixed-Use prototype, because it has the largest
number of hot water pipe risers.

Table 97: Total Verification Cost by Prototype

Costs Low-Rise Low-Rise
Garden| Loaded Corridor

Total Labor Cost $650 $3,450 $9,950 $10,975
Total travel Cost $196.50 $262 $327.50 $327.50
Total Cost $846.50 $3,712 $10,277.50 $11,302.50
Average Cost per Dwelling Unit $106 $103 $117 $97

Source: Statewide CASE Team

4.4.3.4 Total Incremental Cost

The Statewide CASE Team estimated the total pipe insulation enhancement
incremental cost by combining the language cleanup and insulation verification first
costs together in Table 98.
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Table 98: Total Incremental Cost by Prototype Gas Heating Plant

Lanquage Pipe Total Average
MF Building Type Clgang Insulation| Incremental| Incremental Cost
P! Verification Cost| per Dwelling Unit

Low-Rise Garden $808 $847 $1,655 $207
Low-Rise Loaded Corridor $2,277 $3,712 $5,989 $166
Mid-Rise Mixed Use $5,609 $10,278 $15,887 $181
High-Rise Mixed Use $4,125 $11,303 $15,428 $132

Table 99: Total Incremental Cost by Prototype HP Heating Plant

Lanquage Pipe Total Average
MF Building Type Clgang Insulation| Incremental| Incremental Cost
Pl vVerification Cost | per Dwelling Unit

$847

Low-Rise Garden $831 $1,678 $210
Low-Rise Loaded Corridor $2,306 $3,712 $6,018 $167
Mid-Rise Mixed Use $5,580 $10,278 $15,858 $180
High-Rise Mixed Use $5,865 $11,303 $17,168 $147

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. There are no
replacement costs for the proposed measure because the expected useful life of the
measure and the impacted equipment is longer than the period of analysis. The periodic
maintenance costs for the proposed measure are the same as for the base case;
therefore, there are no associated incremental costs.

4.4.5 Cost-Effectiveness

This measure proposes a mandatory measure for code language cleanup and new
language for pipe insulation verification. As such, a cost analysis is required to
demonstrate that the measure is cost effective over the 30-year period of analysis.

The CEC establishes the procedures for calculating Cost-Effectiveness. The Statewide
CASE Team collaborated with CEC 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 LSC savings from electricity and natural gas were also
included in the evaluation. Design costs were not included nor were the incremental
costs of code compliance verification.

According to the CEC’s definitions, a measure is cost effective if the B/C ratio is greater
than 1.0. The B/C ratio is calculated by dividing the cost benefits realized over 30 years
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by the total incremental costs, which includes maintenance costs for 30 years. The B/C
ratio was calculated using 2026 PV costs and cost savings.

Results of the per-unit, cost-effectiveness analyses are presented in Table 100 and
Table 101 for new construction. Benefits and costs are defined as follows:

. Benefits: 30-year LSC Savings + Other PV Savings: Benefits include LSC
savings over the 30-year period of analysis (California Energy Commission 2022).
Other savings are discounted at a real (nominal — inflation) three percent rate.
Other PV savings include incremental first-cost savings if proposed first cost is less
than current first cost, incremental PV maintenance cost savings if PV of proposed
maintenance costs is less than PV of current maintenance costs, and incremental
residual value if proposed residual value is greater than current residual value at
end of CASE analysis period.

« Costs: Total Incremental Present Valued Costs: Costs include incremental
equipment, replacement, and maintenance costs over the period of analysis if PV
of proposed costs is greater than PV of current costs. Costs are discounted at a
real (inflation-adjusted) three percent rate. 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 100: 30-Year Cost-Effectiveness Summary Per Dwelling Unit — New
Construction — HPWH-Pipe Insulation

Climate Benefits: Costs: B/C
Zone LSC Savings + Other PV Cost Savings| Total Incremental PV Costs Ratio
(2026 PV$/dwelling unit) (2026 PV$/dwelling unit)

1 $1,292 $304 4
2 $1,205 $380 3
3 $1,212 $348 3
4 $1,189 $379 3
5 $1,252 $374 3
6 $1,184 $307 4
7 $1,153 $307 4
8 $1,157 $305 4
9 $1,163 $304 4
10 $1,169 $306 4
11 $1,183 $310 4
12 $1,184 $316 4
13 $1,175 $314 4
14 $1,182 $302 4
15 $1,113 $302 4
16 $1,220 $310 4
Total $1,176 $320 4
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Table 101: 30-Year Cost-Effectiveness Summary Per Dwelling Unit — New
Construction — Gas-Pipe Insulation

Benefits: Costs:

g(l)irr:\eate LSC Savings + Other PV Cost Savings| Total Incremental PV Costs

(2026 PV$/dwelling unit) (2026 PV$/dwelling unit)
1 $1,754 $303 6
2 $1,687 $379 4
3 $1,693 $346 5
4 $1,679 $378 4
5 $1,725 $373 5
6 $1,673 $305 5
7 $1,662 $306 5
8 $1,655 $303 5
9 $1,832 $302 6
10 $1,664 $304 5
11 $1,675 $308 5
12 $1,848 $314 6
13 $1,669 $312 5
14 $1,675 $301 6
15 $1,795 $301 6
16 $1,697 $309 5
Total $1,722 $318 5

4.5 Annual Statewide Impacts

4.5.1 Statewide Energy and Energy Cost Savings

The Statewide CASE Team calculated the first-year statewide savings for new
construction and additions by multiplying the per-unit savings, which are presented in
Section 4.3.2, by assumptions about the percentage of newly constructed buildings that
would be impacted by the proposed code. The statewide new construction forecast for
2026 is presented in Appendix A, as are the Statewide CASE Team’s assumptions
about the percentage of new construction that would be impacted by the proposal (by
climate zone and building type).

The first-year energy impacts represent the first-year annual savings from all buildings
that were completed in 2026. 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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The tables below present the first-year statewide energy and energy cost savings from
newly constructed buildings (Table 102) by climate zone.

While a statewide analysis is crucial to understanding broader effects of code change
proposals, there is potential to disproportionately impact DIPs that needs to be
considered. Refer to Section 4.6 for more details addressing energy equity and
environmental justice.

Table 102: Statewide Energy and Energy Cost Impacts — New Construction and
Additions - Pipe Insulation

: Annual Annual 30-Year
Statewide New .| Annual Peak
: Construction & Additions | . Annual Electrical Natural Source Present
Climate Electricity Gas Energy Valued LSC
Impacted by Proposed - Demand . . ;

Zone : Savings : Savings Savings Savings

Change in 2026 Reduction o o .-
. , (GWh) (Million (Million | (Million 2026
(Dwelling Units) (MW) Therms) KBtu) PV$)
1 96 0.00 0.00 0.00 0.1 $0.16
2 923 0.03 0.00 0.01 1.03 $1.48
3 5,110 0.16 0.02 0.06 5.72 $8.23
4 2,268 0.07 0.01 0.03 2.52 $3.62
5 189 0.01 0.00 0.00 0.22 $0.31
6 1,489 0.04 0.01 0.02 1.63 $2.37
7 3,422 0.10 0.01 0.04 3.71 $5.39
8 5,708 0.17 0.02 0.07 6.19 $8.96
9 6,837 0.20 0.02 0.09 8.18 $11.74
10 2,858 0.08 0.01 0.03 3.12 $4.51
11 779 0.02 0.00 0.01 0.86 $1.24
12 3,675 0.1 0.01 0.05 4.47 $6.37
13 670 0.02 0.00 0.01 0.74 $1.06
14 960 0.03 0.00 0.01 1.05 $1.53
15 248 0.01 0.00 0.00 0.29 $0.42
16 124 0.00 0.00 0.00 0.14 $0.20
Total 35,354 1.1 0.12 0.42 40.0 $57.6

a. First-year savings from all buildings completed statewide in 2026.

4.5.2 Statewide GHG Emissions Reductions

The Statewide CASE Team calculated avoided GHG emissions associated with energy
consumption using the hourly GHG emissions factors that the CEC developed along
with the 2025 LSC hourly factors and an assumed cost of $123.15 per metric ton of
carbon dioxide equivalent emissions (metric tons CO2e).
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The monetary value of avoided GHG emissions is based on a proxy for permit costs
(not social costs).*? The cost-effectiveness analysis presented in Section 4.4.5 of this
report does not include the cost savings from avoided GHG emissions. To demonstrate
the cost savings of avoided GHG emissions, the Statewide CASE Team disaggregated
the value of avoided GHG emissions from the other economic impacts. Table 103
presents the estimated first-year avoided GHG emissions of the proposed code change.
During the first year, GHG emissions of 2,637 metric tons CO2e would be avoided.

Table 103: First Year Statewide-GHG Emissions Impacts — Pipe Insulation

Reduced GHG Reduced GHG Total Reduced
. .. |Emissions from | Natural Gas Emissions from Total Monetary
Electricity . . GHG
: Electricity| Savings? Natural Gas . Value of
Savings? i Mil S Emissions? R H
(GWhiyr) S_avmgs (Million S_avmgs (Metric Ton ec.iuc_edG G
(Metric Tons| Thermsl/yr) (Metric Tons CO2e) Emissions® ($)
CO2e) CO2e)
ARG 1.4 97.7 0.42 2,539 2,637 $324,700
Insulation

a. First-year savings from all buildings completed statewide in 2026.
b. GHG emissions factors are included in the LSC hourly factors published by the CEC.

4.5.3 Statewide Water Use Impacts

Hot water piping is already required in existing code to be insulated including branches
to dwelling units and twigs to individual sinks and equipment. New to code is insulation
verification is required on heating plant and recirculation supply and return loop only.
Also new is appurtenances are now required to be insulated at heating plant and
recirculation loop, but not to the uncirculated branches or twigs leading to the dwelling
units. The proposed code change would not result in water savings from minimal
improvement in hot water delivery times at showers and sinks from a negligible
reduction in pipe heat loss in uncirculated sections of branch and twig piping leading
from the recirculation loop, especially since these sections cool off between draw
periods. Thus, zero water savings can be associated with this proposed measure.

4.5.4 Statewide Material Impacts

Based on the code proposal, the insulation requirement increased which impacted the
insulation material usage. The material impact is calculated for both the heat pump

40 The permit cost of carbon is equivalent to the market value of a unit of GHG emissions in the California
Cap-and-Trade program, while social cost of carbon is an estimate of the total economic value of damage
done per unit of GHG emissions. Social costs tend to be greater than permit costs. See more on the Cap-
and-Trade Program on the California Air Resources Board website: https://ww?2.arb.ca.gov/our-
work/programs/cap-and-trade-program.
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water plant and gas water heater plant systems individually. See Appendix D for more
details.

Table 104: Annual Statewide Impacts on Material Use — HPWH plant

Per-Unit Impacts Annual 2 Statewide
(Pounds per Impacts (Pounds)
Dwelling Unit)

Insulation Increase 21.1 1,124,516
TOTAL - - -
a. First-year savings from all buildings completed statewide in 2026.

Table 105: Annual Statewide Impacts on Material Use — Gas Water Heater plant

Per-Unit Impacts Annual ? Statewide
(Pounds per Impacts (Pounds)
Dwelling Unit)

Others Increase 216 1,151,248
(Insulation)

TOTAL - - -

a. First-year savings from all buildings completed statewide in 2026.

4.5.5 Other Non-Energy Impacts

There are no non-energy impacts.

4.6 Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure on
DIPs. See Section 2 for a summary of research methods and potentially impacted
populations, as well as other general potential equity impacts (CALEPA 2022).

4.6.1 Potential Impacts

This measure would result in higher construction costs, a reduction in energy costs, and
improved hot water delivery performance, which are discussed in detail in section 2.2.2,
with impacts on potentially impacted populations as described in section 2.2.1.

4.6.2 Job Creation

This measure would create more installation jobs for pipe insulation contractors.
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5. Thermostatic Balancing Valves

5.1 Measure Description

5.1.1 Proposed Code Change

This proposal would add a new compliance option for projects that include thermostatic
balancing valves (TBV) to balance multi-riser central DHW systems in multifamily
buildings; the compliance credit would apply to systems that have a return pipe with a
length less than 160 feet. The proposal would apply to new construction and to
additions and alterations, and the same criteria applies in all cases. The proposal does
not add or modify field verification or acceptance tests. The proposal requires a change
to the compliance software. Title 24, Part 6 currently regulates the hot water
recirculation system, but there are no specific requirements for balancing valves.

To receive the compliance credit the project must meet the following criteria:

1. Have more than one DHW supply riser
2. Each DHW supply riser shall have an accessible TBV.

a. Located after the last supply branch from the supply riser, in the direction
of flow.
b. Setto a maximum temperature of 120 °F.
3. Variable speed hot water return circulating pumps installed to operate with
differential pressure control.

4. For systems with one return pipe loop, hot water return piping that does not
exceed 160 feet in length.

5. For systems with multiple recirculation return pipe loops, no return pipe may
exceed 160 feet in length.

For additions and alterations, the compliance option would be most feasible when the
scope of work includes replacement of the existing water heater, and/or addition of new
plumbing fixtures that require hot water.

5.1.2 Justification and Background Information

5.1.2.1 Justification

This proposal would save energy while reducing first costs and installation time,
improving delivery performance of the hot water distribution system and reducing
callbacks. The proposal would also benefit water heater equipment efficiency due to
lower return temperatures, although this energy benefit was not quantified for this
report.
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As described in Section 5.2.1, most multi-riser central DHW system designs include
balancing valves. Based on plans review and interviews with stakeholders, The
Statewide CASE Team concluded that manual balancing valves are still used in about
half of projects. The prevalence of different manual balancing valve types was:

o Circuit setters, a type of manual balancing valve with a dial indicator and test
pressure ports, were the most prevalent fully specified manual balancing
valve product (5 of 16 plans reviewed).

e Flow limiting valves, which act as a manual balancing valve below a specified
maximum flow rate and as a pressure independent control valve to limit flow
from exceeding the design flow rate, were less prevalent (3 of 16 plans
reviewed)

e Flow setter valves, a type of manual balancing valve with a digital flow
indicator, were not specified (0 of 16 plans reviewed).

Several of the stakeholders the Statewide CASE Team interviewed switched to
specifying or installing automatic balancing valves within the last five years. However,
the Statewide CASE Team heard from one stakeholder that manual balancing valves
are still common practice in new buildings, and many existing buildings do not have any
balancing valves. Three of five stakeholders the Statewide CASE Team interviewed
have switched to specifying or installing automatic balancing valves due in large part to
the technical challenges associated with properly balancing manual balancing valves.
Some of these challenges include that circuit setter valves require special
instrumentation and labor-intensive balancing when the distribution system is first
constructed. Often, these valves are poorly balanced or not balanced at all, resulting in
poor distribution system performance and increased energy loss. Since the balancing
process is iterative, even flow setter valves may not be properly balanced. The lack of
manual balancing may result in occupant behavior that increases energy use, such as
increasing the hot water supply set point temperature by up to 15 — 20 °F. To
understand the impacts of poor or no manual balancing, the Statewide CASE Team
performed lab testing of an unbalanced multi-riser distribution system with a nominal
supply temperature of 130°F, and it observed that four of twelve risers never exceeded
90°F. The lab results corroborate stakeholder feedback that building owners often
increase the supply temperature of poorly balanced systems by up to 20°F relative to
well-balanced systems. The lab data and stakeholder feedback combined demonstrate
a compelling argument that some existing buildings with no balancing valves would
save significantly more energy than estimated by the Statewide CASE Teams energy
modeling.

From the plans review the Statewide CASE Team performed, it found that engineers do
not typically calculate the flow rate that is required to maintain a target minimum
temperature in the hot water recirculation system, but rather specify an overly
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conservative rule of thumb flow rate through each riser or fail to specify any flow rate.
This results in recirculation system temperatures that are higher than necessary, and
energy savings when automatic balancing valves are installed as opposed to manual
balancing valves. The proposal would directly result in reduced hot water return
temperatures and lower distribution system heat loss. This is the basis of the energy
analysis presented in Section 5.3.1.

5.1.2.2 Background Information

This proposal adds a new compliance option to improve on current industry practice
related to balancing of multi-riser systems, and it would increase adoption of automatic
balancing valves in these systems. The proposal would save energy by lowering
temperatures throughout the DHW distribution system as described in detail in Section
5.2.2. Current practice includes the use of manual balancing valves, automatic
balancing valves, and flow limiting valves. These different product types are discussed
in further detail in Section 5.2.2.

This proposal was previously investigated by the 2022 Statewide CASE Team, and it
was not pursued because there were minimal energy savings due to the existing
prescriptive circulation pump control (demand control) requirements.*! Although the
2022 Statewide CASE Team was not able to implement this measure, they were able to
gather stakeholder feedback indicating that the prescriptive demand control
requirements for central recirculation systems are not implemented in practice.

In October 2020, the Statewide CASE Team learned that the 2022 standard design in
the compliance modeling software was updated in early 2020 to assume no demand
control. Due to the change to the standard design, the 2025 Statewide CASE Team
worked with the CEC to establish an appropriate baseline of no demand control and
enable the calculation of energy savings for this measure.

The Statewide CASE Team is not aware of previous utility programs that specifically
promote automatic balancing valves.

5.1.3 Summary of Proposed Changes to Code Documents

The sections below summarize how the standards, compliance manual, ACM reference
manuals, and compliance forms would be modified by the proposed change.*? See
Section 11 of this report for detailed proposed revisions to code language.

41 https://title24stakeholders.com/wp-content/uploads/2020/09/2022_T24 Final-CASE-Report-MF-DHW-
Dist.pdf

42 \/isit EnergyCodeAce.com for trainings, tools, and resources to help people understand existing code
requirements.
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5.1.3.1 Specific Purpose and Necessity of Proposed Code Changes

Section: 170.1(d)

Specific Purpose: The specific purpose is to update the existing performance
requirements to add TBVs as an option.

Necessity: This addition is necessary to ensure TBVs perform properly when
compliance credit is claimed; The code language refers to a reference appendix
describing the requirements to claim compliance credit.

5.1.3.2 Specific Purpose and Necessity of Changes to the Nonresidential
and Multifamily ACM Reference Manual

The purpose and necessity of proposed changes to the Nonresidential and Multifamily
ACM Reference Manual are described below. See Section 11.4 of this report for the
detailed proposed revisions to the text of the ACM Reference Manual.

Section: 6.11 DHW

Specific Purpose: One specific purpose is to update Section 6.11 to the ACM to add
one multifamily central hot water heating central system type and modify an existing
multifamily central hot water heating central system type to reflect the compliance option
for TBV.

Another specific purpose is to update Appendix E: Water Heating Calculation Method to
include modeling of TBV for multi-riser central system recirculating systems, including
addition of an energy savings factor associated with TBV.

Necessity: These changes are necessary to explain how the compliance software
would model the use of automatic balancing valves.

5.1.3.3 Summary of Changes to the Nonresidential and Multifamily
Compliance Manual

Chapter 11, Section 11.6.1 would need to be modified to add a brief description of what
is new. Chapter 11 section 11.6.7.7 Performance Approach of the Nonresidential and
Multifamily Compliance Manual would need to be revised to add a subsection labelled
“Thermostatic balancing valves with differential pressure variable speed pump control”
that explains the compliance option including how it saves energy with an example and
brief explanation of the length limitation. Table 11-55 in Chapter 11 would also be
updated to document the assigned distribution system multiplier.

5.1.3.4 Summary of Changes to Compliance Forms

The proposed code change would modify the compliance forms listed below. Examples
of the revised forms are presented in Section 11.5 of this report.
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e 2022-LMCC-PLB-E: Domestic Water Heating: Adds compliance option
questions asking:

(@]

©)

o O O O

Are TBVs specified?

What is the number of supply riser pipes specified?

What is the number of return pipe loops specified?

What is the return piping length for each return pipe loop?
What is the TBV specified temperature set point?

Is the specified pump variable speed, and is the specified pump control
method based on pump differential pressure control?

e 2022-NRCC-PLB-E: Domestic Water Heating: Adds compliance option
questions asking:

(@]

o O O O O

Are TBVs specified?

What is the number of supply riser pipes specified?

What is the number of return pipe loops specified?

What is the return piping length for each return pipe loop?
What is the TBV specified temperature set point?

Is the specified pump variable speed, and is the specified pump control
method based on pump differential pressure control?

e 2022-LMCI-PLB-E: Domestic Water Heating: Adds compliance option
questions asking:

o

©)
@)
@)

o

Are TBVs installed?
What is the number of installed supply riser pipes installed?
What is the number of installed return pipe loops installed?
Is the return piping length consistent with the design drawings?
= If not, what is the return piping length for each return pipe loop?
What is the TBV installed temperature set point?

Is the specified pump variable speed, and is the pump control method
based on pump differential pressure control?

e 2022-NRCI-PLB-E: Domestic Water Heating: Adds compliance option
questions asking:

o

©)

©)

Are TBVs installed?
What is the number of installed supply riser pipes installed?
What is the number of installed return pipe loops installed?
Is the return piping length consistent with the design drawings?
= If not, what is the return piping length for each return pipe loop?
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o What is the TBV installed temperature set point?

o Is the specified pump variable speed, and is the pump control method
based on pump differential pressure control?

5.1.4 Regulatory Context

5.1.4.1 Determination of Inconsistency or Incompatibility with Existing
State Laws and Regulations

This proposal is not relevant to other parts of the California Building Standards Code
(https://www.dgs.ca.gov/BSC/Codes). Changes outside of Title 24, Part 6 are not
needed.

There are no relevant state or local laws or regulations, and there is no conflict with the
current CPC.

There are no other code change proposals under consideration for the 2025 code cycle
that overlap with this proposal.

5.1.4.2 Duplication or Conflicts with Federal Laws and Regulations

There are no relevant federal laws or regulations.

5.1.4.3 Difference From Existing Model Codes and Industry Standards

During stakeholder interviews, the Statewide CASE Team identified ASHRAE Guideline
12 and ASHRAE Standard 188 as existing industry standards that overlap with the
proposed code change. ASHRAE Guideline 12 provides information and guidance for
control of legionellosis associated with building water systems, and there is overlap with
the temperature set point required by the proposal. ASHRAE Standard 188 establishes
minimum legionellosis risk management requirements for building water systems, and
there is overlap with the balancing requirements of the proposed code change.

ASHRAE Guideline 12 states that hot water should be “consistently maintained at or
above 120 °F throughout the hot-water system” including the hot water return system.
The standard also states that “legionella growth slows, and they begin to die at water
temperatures between 113 °F and 120 °F”. The guidance from ASHRAE Standard-12
was considered when developing the code requirement for maximum temperature set
point at the automatic balancing valves.

ASHRAE Standard 188 requires that “all water systems shall be balanced, and a
balance report for all water systems shall be provided to the building owner or
designee.” This requirement supports the identification of a balanced system as a
baseline, and there is no conflict with the proposal.
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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 proposal. It also describes the compliance
verification process. This section presents how the proposed changes could impact
various market actors.

The compliance verification activities related to this measure that need to occur during
each phase of the project are described below:

e Design Phase:

o The plumbing engineer designs the buildings plumbing systems. Since
manual balancing valves are standard practice, certain design aspects
such as coordinating access to balancing valves are currently performed,
and they are not considered new activities. To receive a compliance
credit, the proposal would require the plumbing engineer to specify TBVs,
design the DHW supply and return piping to meet the criteria outlined in
the ACM, accurately determine the length of each return pipe loop, specify
the circulation riser temperature set point and a variable speed circulation
system pump with differential pressure control, and coordinate with the
energy compliance professional to ensure compliance credit is received.
The plumbing engineer would also need to coordinate with the plumbing
subcontractor to ensure that the design length is achieved in the field.

o The plumbing engineer would also coordinate with the energy consultant
and contribute content for the applicable LMCC or NRCC compliance
forms based on the project details.

¢ Permit Application Phase:

o Plan checkers currently perform plan check reviews of the hot water
distribution system and verify that the construction documents meet the
requirements of current buildings codes. The proposal would add new
activities to this phase, including requiring plan checkers to verify that the
design team has met the criteria of designing around a TBV and variable
speed pump to claim the compliance credit. The LMCC and NRCC forms
would assist the plan checkers in verifying that new projects meet the
requirements of the proposal.

e Construction Phase:

o Plumbing subcontractors currently install the DHW system, including
furnishing and installing the specified balancing valves and circulation
pumps. One significant change associated with this proposal is that the
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plumbing subcontractor would need to attest in the project compliance
forms that the length of each return pipe loop as built does not exceed the
calculated length specified in the construction documents. The plumbing
subcontractor would also need to install a variable speed circulation pump
and ensure the pump control is set appropriately as required for the
project to receive compliance credit. The plumbing subcontractor would
also need to install the TBVs, as the Statewide CASE Team heard from
designers and contractors that TBVs are easier to properly install than
manual balancing valves. Finally, the plumbing subcontractor would need
to fill out the applicable LMCI or NRCI forms.

¢ Inspection Phase:

o The inspector typically reviews the applicable LMCI or NRCI forms and
verifies that certain details of the distribution system comply with the
building code. This proposal would add fields to the LMCI and NRCI forms
and require the inspector to verify that the balancing valve and circulation
pump products match the inputs in the applicable LMCI or NRCI form and
that the temperature set point meets the proposed requirements.

The compliance process for automatic balancing valves would require new coordination
activities between the plumbing engineer, the plumbing subcontractor, and the energy
compliance professional in the design and construction phases. The proposal would
also result in new plan check and inspection activities. Compliance forms can be used
to reduce the burden on the plan checker and inspector, while ensuring the proposal is
properly enforced.

5.2 Market Analysis

5.2.1 Current 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
design consultants, designers, contractors, and manufacturer’'s representatives. In
addition to conducting personalized outreach, the Statewide CASE Team discussed the
current market structure and potential market barriers during a public stakeholder
meeting that the Statewide CASE Team held on February 17, 2023.
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The Statewide CASE Team interviewed three designers, one design consultant, one
plumbing contractor, and one general contractor to understand the current market. The
Statewide CASE Team also reviewed 16 plans from real world projects.

The plumbing engineer is responsible for the design and performance of the hot water
distribution system and specification of the circulation pump. The Statewide CASE
Team found via plans review that the plumbing engineer typically, but not always,
specifies balancing valves in the building plans. In 3 of 16 plans reviewed, the engineer
referred to the balancing valve generically as “balancing valve(s)” in schematic riser
diagrams and in the drawing legend, but they did not fully specify the balancing valve
product. Furthermore, 1 of 16 plans reviewed did not include any reference to a
balancing valve. The absence of product specification could result in no balancing
valves being installed, and at best, it leaves room for interpretation of what balancing
valves are required to meet the engineers design intent.

The plumbing subcontractor is responsible for furnishing piping and products required
for the installation of the DHW system and for installation and startup of the DHW
system. The plumbing subcontractor’s responsibilities cover all components required to
meet this proposal, and the Statewide CASE Team found that the plumbing
subcontractor is responsible for valve balancing and pump setup.

5.2.2 Technical Feasibility and Market Availability

The Statewide CASE Team developed the proposal to be technically feasible and
established that the proposal is technically feasible by reviewing existing literature,
interviewing plumbing designers, plumbing design consultants, and plumbing
contractors, and through review of 16 multifamily building plans. The Statewide CASE
Team also performed calculations and preliminary lab testing to understand how TBV
performance scales with the size of the DHW distribution system. Appendix R: Building
Level Electric Readiness Cleanup describes this preliminary lab testing in detail, and
more lab testing is planned to further understand how TBV perform.

The final proposal is based on products that are readily available on the market and
limited to applications where there is sufficient evidence to support the claimed energy
savings. To highlight how the Statewide CASE Team incorporated this evidence, the
proposal is now a compliance option for TBV in smaller buildings whereas the original
plan was to propose a prescriptive requirement for TBVs in all buildings with an
alternative requirement for PICV valves for certain applications with at-risk populations.
The Statewide CASE Team also identified several research gaps that should be
addressed to support future code improvements on the topic of DHW system balancing
in multifamily buildings.

The Statewide CASE Team identified potential market barriers that could negatively
impact implementation of the proposal. The most significant market barriers include
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concerns around legionella control and balancing valve product limitations that could
negatively affect performance. The Statewide CASE Team altered the proposal to
address these market barriers.

The Statewide CASE Team interviewed several engineers and design consultants who
spoke to the importance of legionella control, which is achieved in large part by
maintaining an adequately high temperature in the distribution system. There was no
consensus on an exact temperature requirement to maintain adequate legionella control,
and the stakeholders cited different values for return temperatures ranging from 110°F to
122°F. To address the concern of legionella control, the Statewide CASE Team chose a
maximum set point value of 120°F for the proposed compliance code language; this is a
lower set point than some of the stakeholders the Statewide CASE Team specify, but it
is towards the high end of the range, and it does not conflict with ASHRAE Guideline 12
(see Section 5.1.4.3: Difference From Existing Model Codes and Industry Standards),
assuming there is minimal temperature drop in the return piping. Because the proposal is
for a compliance option, any designers who are concerned that 120 °F set point is not
adequate for legionella control can choose not to claim the compliance credit.

Two stakeholders the Statewide CASE Team interviewed stated clearly that they do not
use TBV in larger DHW distribution systems, because the valves nearest the water
heating plant cannot limit flow adequately in practice to achieve set point. Both
stakeholders recommended that PICV are more appropriate for large DHW distribution
systems. Based on these concerns, the Statewide CASE Team investigated the
manufacturers rated minimum and maximum Cv values of six TBV products and
incorporated valve hydraulic performance of a representative TBV into the energy
modeling. The Statewide CASE Team also performed preliminary lab testing at the
PG&E Applied Technology Services (ATS) distribution lab, as described in Appendix R,
to verify the calculations. Based on the results of this work, the Statewide CASE Team
found that pressure drop in the return pipe affects the energy savings of the TBV. The
Statewide CASE Team considered two criteria that could be used to limit the
compliance credit to systems with similar or lower return pipe pressure drops as the lab
test. The two possible criteria were length, and developed length plus equivalent fitting
length which would be more technically accurate and is established in Appendix A104.4
of the CPC for sizing the water supply system. The Statewide CASE Team decided to
establish a length criterion since requiring designers to calculate developed length plus
equivalent fitting length would be onerous for the value of the compliance credit, plus it
is unlikely that the designer would then also review shop or as-built drawings to verify
the accuracy of that calculation against what is installed. The length criterion
established in the proposal is equal to the length of the hot water return piping in the lab
test. Ultimately, the proposal is conservative, and the Statewide CASE Team
recommends future work to understand the impacts of TBV hydraulic performance on
field performance. For instance, even if a given TBV cannot meet the set point, there
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may still be significant energy savings potential as compared to a system with manual
balancing valves that is not balanced correctly.

A third market barrier is that the proposal includes a maximum developed length for
each return pipe loop, above which the project is not eligible for a compliance credit.
This would require plumbing engineers to calculate a return piping developed length for
each return pipe loop, and importantly, it would require the plumbing subcontractor to
install piping in such a way that the maximum developed length is not exceeded.
Possible methods for compliance with the developed length criteria are discussed in
detail in Section 5.1.5, but ultimately, some project teams may decide against using the
compliance option because of this requirement.

The Statewide CASE Team determined market availability through stakeholder
engagement and through plans review and research of products that are specified in
new projects in California. The Statewide CASE Team determined that TBV and
variable speed pumps are currently available on the market and in use. For instance,
TBV were specified in 4 of 16 plans reviewed, and 3 of 7 stakeholders interviewed use
TBVs in some of their projects. Furthermore, the Statewide CASE Team found products
from at least 5 manufacturers of TBV that are available within the state. Variable speed
pumps were specified in 7 of 16 plans reviewed.

Other products that the Statewide CASE Team considered were PICV and digital
balancing valves. PICV products for DHW applications do exist, but they require more
intensive design than TBV to implement correctly and are used by sophisticated
designers. PICV were in 0 of 16 plans reviewed. The Statewide CASE Team also heard
from one stakeholder that digital automatic balancing valve products are available
internationally, but not yet in the U.S. PICV and digital automatic balancing valves
should be considered for future energy code improvements, but they were not
incorporated as part of this proposal.

In addition to addressing possible technical barriers, the Statewide CASE Team learned
of several benefits associated with using TBV paired with variable speed circulation
pumps as opposed to current practice. Because these products adapt to meet
temperature and differential pressure set points, the system is more capable of
maintaining balance against changes in pipe and fixture layout, changes in piping
hydraulic characteristics due to water hardness, or sediment fouling in fixtures, which
contributes to an expected high persistence of savings. Furthermore, the Statewide CASE
Team heard of positive impacts on hot water delivery, resulting in less wasted water and
greater occupant comfort.
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5.2.3 Market Impacts and Economic Assessments

5.2.3.1 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 2025 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 comprises approximately 93,000 business
establishments and 943,000 employees (see Section 5.2.1). For 2022, total estimated
payroll would be about $78 billion. Nearly 72,000 of these business establishments and
473,000 employees are engaged in the residential building sector, while another 17,600
establishments and 369,000 employees focus on the commercial sector. The remainder
of establishments and employees work in industrial, utilities, infrastructure, and other
heavy construction roles (the industrial sector).

Table 106: California Construction Industry, Establishments, Employment, and
Payroll in 2022 (Estimated)

Establish, Employ LU

Building Type |Construction Sectors Payroll
ments ment| ...

(Billions $)

Residential 71,889 472,974 31.2
Residential Bundlng Construction Contractors 27,948 130,580 9.8
Residential Foundation, Structure, & Building Exterior 7,891 83,575 5.0
Residential Building Equipment Contractors 18,108 125,559 8.5
Residential Building Finishing Contractors 17,942 133,260 8.0
Commercial All 17,621 368,810 35.0
Commercial Building Construction Contractors 4919 83,028 9.0
Commercial Foundation, Structure, & Building Exterior 2,194 59,110 5.0
Commercial Building Equipment Contractors 6,039 139,442 13.5
Commercial Building Finishing Contractors 4469 87,230 7.4
Industrial, Utilities,

Infrastructure, &  All 4,206 101,002 1.4
Other (Industrial+)

Industrial+ Building Construction 288 3,995 0.4
Industrial+ Utility System Construction 1,761 50,126 5.5
Industrial+ Land Subdivision 907 6,550 1.0
Industrial+ Highway, Street, and Bridge Construction 799 28,726 3.1
Industrial+ Other Heavy Construction 451 11,605 14

Source: (State of California n.d.)
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The proposed change to automatic balancing valves would likely affect residential
builders but would not impact firms that focus on construction and retrofit of industrial
buildings, utility systems, public infrastructure, or other heavy construction. The effects
on the residential and commercial building industry would not be felt by all firms and
workers, but rather would be concentrated in specific industry subsectors. Table 107
shows the residential building subsectors the Statewide CASE Team expects to be
impacted by the changes proposed in this report. The installation of automatic balancing
valves would require less labor to install. Variable speed pumps would require additional
set up time to program the pump correctly. The Statewide CASE Team’s estimates of
the magnitude of these impacts are shown in Section 5.2.4.

Table 107: Specific Subsectors of the California Residential Building Industry by
Subsector in 2022 (Estimated)

Annual Payroll
Residential Building Subsector Establishments| Employment (B|II|ons $)

New multifamily general contractors 6,344

New housing for-sale builders 189 3,969 0.5
Residential plumbing and HVAC 9,852 75 404 5 1
contractors

Source: (State of California n.d.)

5.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with changing building codes is within the normal
practices of building designers. Building codes (including Title 24, Part 6) are typically
updated on a three-year revision cycle and building designers and energy consultants
engage in continuing education and training to remain compliant with changes to design
practices and building codes.

Until now, it has been common practice for designers to specify manual balancing
valves in multifamily DHW recirculation risers. Consistently specifying TBVs for these
risers would require some education of the plumbing engineering community regarding
the energy savings potential that can be realized from such a small change in design
practice. Manufacturers as well as professional associations would be optimum vessels
of education for this measure.

Businesses that focus on residential, commercial, institutional, and industrial building
design are contained within the Architectural Services sector (NAICS 541310). Table
108 shows the number of establishments, employment, and total annual payroll for
Building Architectural Services. The proposed code changes would potentially impact all
firms within the Architectural Services sector. The Statewide CASE Team anticipates
the impacts for automatic balancing valves to affect firms that focus on multifamily
construction.
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There is not a NAICS“? code specific to 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 108 provides an upper bound indication of the size of this sector in California.

Table 108: California Building Designer and Energy Consultant Sectors in 2022
(Estimated)

: Annual Payroll

Architectural Services ? 4,134 31,478 3,623.3
Building Inspection Services P 1,035 3,567 280.7
Source: (State of California 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.

5.2.3.3 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
DOSH. 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.

43 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.

44 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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5.2.3.4 Impact on Building Owners and Occupants Including Homeowners
and Potential First-Time Homeowners)

Residential Buildings

According to data from the U.S. Census ACS, there were more than 14.5 million
housing units in California in 2021 and nearly 13.3 million were occupied (see Table
109). Most housing units (nearly 9.42 million) were single family homes (either detached
or attached), approximately 2 million homes were in buildings containing two to nine
units, and 2.5 million homes were in multifamily buildings containing 10 or more units.
The California Department of Revenue estimated that building permits for 67,300 single
family and 54,900 multifamily homes would be issued in 2022, up from 66,000 single
family and 53,500 multifamily permits issued in 2021.

Table 109: California Housing Characteristics in 20212

Housing Measure _____ Estimate

Total housing units 14,512,281
Occupied housing units 13,291,541
Vacant housing units 1,220,740
Homeowner vacancy rate 0.7%
Rental vacancy rate 4.3%
Number of 1-unit, detached structures 8,388,099
Number of 1-unit, attached structures 1,030,372
Number of 2-unit structures 348,295
Number of 3- or 4-unit structures 783,663
Number of 5- to 9-unit structures 856,225
Number of 10- to 19-unit structures 740,126
Number of 20+ unit structures 1,828,547
Mobile home, RV, etc. 522,442

Sources: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) n.d.)

a. Total housing units as reported for 2021; all other housing measures estimated based on historical
relationships.

Table 110 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 (Kenney 2019).
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Table 110: Distribution of California Housing by Vintage in 2021 (Estimated)

-m-m
Built 2014 or later 348,296

Built 2010 to 2013 261,221 1.8 4.2
Built 2000 to 2009 1,581,839 10.9 15.1
Built 1990 to 1999 1,596,351 11.0 26.1
Built 1980 to 1989 2,191,354 15.1 41.2
Built 1970 to 1979 2,539,649 17.5 58.7
Built 1960 to 1969 1,915,621 13.2 71.9
Built 1950 to 1959 1,930,133 13.3 85.2
Built 1940 to 1949 841,712 5.8 91.0
Built 1939 or earlier 1,306,105 9.0 100.0
Total housing units 14,512,281 100.0 -

Sources: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) n.d.)

Table 111 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 an income below $50,000 is only 37 percent, whereas the

owner occupancy rate is 71 percent for households earning $100,000 or more.

Table 111: Owner- and Renter-Occupied Housing Units in California by Income in

2021 (Estimated)

Household Income Owner Occupied Renter Occupied

Less than $5,000
$5,000 to $9,999
$10,000 to $14,999
$15,000 to $19,999
$20,000 to $24,999
$25,000 to $34,999
$35,000 to $49,999
$50,000 to $74,999
$75,000 to $99,999

$100,000 to $149,999

$150,000 or more

Total Housing Units
Source: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) n.d.)

353,493
254,304
495,287
412,498
467,694
906,996
1,319,892
2,036,560
1,662,032
2,307,889
3,074,895

13,291,541

113,315
74,939
134,633
144,064
169,431
355,968
560,453
990,769
920,607
1,490,247
2,337,651
7,292,076

240,178
179,366
360,654
268,435
298,264
551,028
759,438

1,045,791
741,425
817,642
737,244

5,999,465

Understanding the distribution of California residents by home type, home vintage, and
household income is critical for developing meaningful estimates of the economic
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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 111 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 109 and Table 110.

Estimating Impacts

For California residents, the proposed code changes would result in lower energy bills.
The Statewide CASE Team estimates that on average the proposed change to Title 24,
Part 6 would decrease construction cost by about $9 per multifamily dwelling unit, and
the measure would also result in a savings of $138 in energy and maintenance cost
savings over 30 years. This is roughly equivalent to a $0.04 per month decrease in
payments for a 30-year mortgage and a $0.38 per month reduction in energy costs.
Overall, the Statewide CASE Team expects the 2025 Title 24, Part 6 Standards to save
homeowners about $5 per year relative to homeowners whose dwelling units are
minimally compliant with the 2022 Title 24, Part 6 requirements. As discussed in Section
5.2.4.1, 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).

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

The Statewide CASE Team anticipates the proposed change would have a modest
impact on retailers. Balancing valves and pumps are currently standard practice for
DHW systems with recirculation. This measure would simply result in retailers stocking
more of the slightly more expensive TBVs they already keep in their warehouses. The
measure is expected to result in increased use of slightly smaller circulation pumps that
have slightly more sophisticated controls than the baseline pumps, so the Statewide
CASE Team anticipates a similar minimal impact on retailers.

5.2.3.6 Impact on Building Inspectors

Table 112 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 education and training to stay
current on all aspects of building regulations, including energy efficiency. Therefore, the
Statewide CASE Team anticipates the proposed change would have no impact on
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employment of building inspectors or the scope of their role conducting energy
efficiency inspections.

Table 112: Employment in California State and Government Agencies with
Building Inspectors in 2022 (Estimated)

Annual Payroll

Administration of Housing State 29.0
Programs® Local 38 3,060 248.6
Urban and Rural State 38 764 71.3
Development Admin® Local 52 2,481 211.5

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.

5.2.3.7 Impact on Statewide Employment

As described in Sections 5.2.3.1 through 5.2.3.6, the Statewide CASE Team does not
anticipate significant employment or financial impacts to any 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 5.2.4.1, the Statewide CASE Team estimated
the proposed change in balancing valves and variable speed pumps 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 balancing valves and variable speed pumps would lead to modest ongoing
financial savings for California residents, which would then be available for other
economic activities.

5.2.4 Economic Impacts

For the 2025 code cycle, the Statewide CASE Team used the IMPLAN model
software,*® along with economic information from published sources and professional
judgement to develop estimates of the economic impacts associated with each of the
proposed code changes. Conceptually, IMPLAN estimates jobs created as a function of
incoming cash flow in different sectors of the economy, due to implementing a code or a

45 IMPLAN employs economic data and advanced economic impact modeling to estimate economic
impacts for interventions like changes to the California Title 24, Part 6 code. For more information on the
IMPLAN modeling process, see www.IMPLAN.com.
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standard. The jobs created are typically categorized into direct, indirect, and induced
employment. For example, cash flow into a manufacturing plant captures direct
employment (jobs created in the manufacturing plant), indirect employment (jobs
created in the sectors that provide raw materials to the manufacturing plant) and
induced employment (jobs created in the larger economy due to purchasing habits of
people newly employed in the manufacturing plant). Eventually, IMPLAN computes the
total number of jobs created due to a code. The assumptions of IMPLAN include
constant returns to scale, fixed input structure, industry homogeneity, no supply
constraints, fixed technology, and constant byproduct coefficients. The model is also
static in nature and is a simplification of how jobs are created in the macro-economy.

The economic impacts developed for this report are only estimates and are based on
limited and to some extent speculative information. The IMPLAN model provides a
relatively simple representation of the California economy and, though the Statewide
CASE Team is confident that the 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 aspects 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 economic impacts presented below represent
lower bound estimates of the actual benefits 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 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
nonresidential 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 and would have measurable economic impacts.

Table 113: Estimated Impact that Adoption of the Proposed Measure would have
on the California Residential Construction Sector

Emplovment Labor| Total Value Outout
Type of Economic Impact (F.’JoI)ols) Income Added (MI||I2I'I)
(Million) (Million)

Direct Effects (Additional spending by
Residential Builders) TS Pz aiel e

Indirect Effect (Additional spending by

firms supporting Residential Builders) 02 $12,813 $20,869 $35,989

46 For example, for the lowest income group, the Statewide CASE Team assumes 100 percent of money saved
through lower energy bills would be spent, while for the highest income group, the Statewide CASE Team assumes
only 64 percent of additional income would be spent.
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Induced Effect (Spending by employees

of firms experiencing “direct” or -1.5 ($99,159) ($177,529) ($282,559)
“indirect” effects)
Total Economic Impacts -5.2 ($396,049) ($8,119) ($65,418)

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.*’

Table 114: Estimated Impact that Adoption of the Proposed Measure would have
on the California Residential Remodel Sector

Labor| Total Value
Income Added
(Million) (Million)

Employment
(Jobs)

Output
(Million)

Type of Economic Impact

Direct Effects (Additional spending by
Residential Builders)

Indirect Effect (Additional spending by
firms supporting Residential Builders)

0.6 $42,639 $64,895  $139,231

0.3 $25,553 $43,664 $74,180

Induced Effect (Spending by employees

of firms experiencing “direct” or 0.3 $19,617 $35,124 $55,905
“indirect” effects)
Total Economic Impacts 1.2 $87,809 $143,683 8  $269,316

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.*8

Table 115: Estimated Impact that Adoption of the Proposed Measure would have
on the California Building Designers and Energy Consultants

Labor| Total Value
Income Added
(Million) (Million)

Employment
(Jobs)

Output
(Million)

Type of Economic Impact

Direct Effects (Additional spending by
Building Designers & Energy 0.09 $10,267 $10,164  $16,065
Consultants)

Indirect Effect (Additional spending by
firms supporting Bldg. Designers & 0.04 $3,057 $4,249 $6,839
Energy Consultants)

Induced Effect (Spending by employees

of firms experiencing “direct” or 0.06 $3,831 $6,861 $10,920
“indirect” effects)
Total Economic Impacts 0.19 $17,155 $21,273 $33,824

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.

47 IMPLAN® model, 2020 Data, IMPLAN Group LLC, IMPLAN System (data and software), 16905 Northcross Dr.,
Suite 120, Huntersville, NC 28078 www.IMPLAN.com

48 IMPLAN® model, 2020 Data, IMPLAN Group LLC, IMPLAN System (data and software), 16905
Northcross Dr., Suite 120, Huntersville, NC 28078 www.IMPLAN.com
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Table 116: Estimated Impact that Adoption of the Proposed Measure would have
on California Building Inspectors

Emplovment Labor| Total Value Outout
Type of Economic Impact ploy Income Added P
(Jobs) (Million)
(Million) (Million)

Direct Effects (Additional spending by
Building Inspectors) Ui b2, 150 B 12 B

Indirect Effect (Additional spending by

firms supporting Building Inspectors) 0.01 $480 $747 $1,301
Induced Effect (Spending by employees

of Building Inspection Bureaus and 0.02 $1,629 $2,918 $4,645
Departments)

Total Economic Impacts 0.08 $7,288 $9,808 $13,410

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.

Table 117: Estimated Impact that Adoption of the Proposed Measure would have
on Discretionary Spending by California Residents

Emplovment Labor| Total Value Output

Type of Economic Impact P zjobs) Income Added (Millign)
(Million) (Million)

$0 $0 $0

Direct Effects (Additional spending by
households)

Indirect Effect (Purchases by
businesses to meet additional 0.0 $0 $0 $0
household spending)

Induced Effect (Spending by employees

of businesses experiencing “indirect” 0.0 ($306) ($553) ($879)
effects)
Total Effect 0.0 ($306) ($553) ($879)

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.

5.2.4.1 Creation or Elimination of Jobs

The Statewide CASE Team does not anticipate that the measures proposed for the
2025 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 5.2.4 would
lead to modest changes in employment of existing jobs.

5.2.4.2 Creation or Elimination of Businesses in California

As stated in Section 5.2.4, 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 the installation of automatic balancing valves
and variable speed pumps which would not excessively burden or competitively
disadvantage California businesses—nor would it necessarily lead to a competitive

2025 Title 24, Part 6 Final CASE Report — Multifamily Domestic Hot Water | 138



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.

5.2.4.3 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
2025 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.

5.2.4.4 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 118 shows, between 2017 and 2021, NPDI
as a percentage of corporate profits ranged from a low of 18 in 2020 due to the
worldwide economic slowdowns associated with the COVID 19 pandemic to a high of
35 percent in 2019, with an average of 26 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 118: 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 Corporate
Billions of Dollars of Dollars Profits (Percent)

28

2017 518.473 1882.460

2018 636.846 1977.478 32
2019 690.865 1952.432 35
2020 343.620 1908.433 18
2021 506.331 2619.977 19
5-Year Average - - 26

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

49 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.

50 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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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, directly or indirectly, in any affected sectors of California’s economy.
Nevertheless, the Statewide CASE Team can derive a reasonable estimate of the
change in investment by California businesses based on the estimated change in
economic activity associated with the proposed measure and its expected effect on
proprietor income, which the Statewide CASE Team uses a conservative estimate of
corporate profits, a portion of which the Statewide CASE Team assumes would be
allocated to net business investment.>"

5.2.4.5 Incentives for Innovation in Products, Materials, or Processes

The requirement for automatic balancing valves would incentivize innovation by signaling
to manufacturers that there is an increasing understanding of the value of properly
balanced DHW distribution systems. There is no negative incentive on innovation and
the Statewide CASE Team chose to propose a compliance option in part to minimize any
possible unforeseen negative impacts of the proposal on innovation. Furthermore, based
on stakeholder input, TBVs are already the most likely automatic balancing valve to be
used in buildings with shorter recirculation return pipes and the proposal does not
incentivize or dis-incentivize certain product types for distribution systems with longer
recirculation return pipes. Therefore, there is no negative impact on innovation of PICV,
digital, and other emerging balancing valve types.

The requirement for variable speed pumps with differential pressure control does not
have any impact on innovation, as this is already a commonly available product and the
variable speed capability and method of control only add functionality. Circulation
pumps are capable of being manufactured with multiple pre-configured control settings
and capabilities.

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

The Statewide CASE Team does not expect the proposed code changes would have a
measurable impact on 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,

51 26 percent of proprietor income was assumed to be allocated to net business investment; see Table
118.
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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. The Statewide CASE Team does not
anticipate this measure to affect state buildings.

Cost to Local Governments: All proposed code changes 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 2025 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
5.1.5 and Appendix E, 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.

5.2.4.7 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 code change may result in unintended consequences. Refer to Section 5.6 for
more details addressing energy equity and environmental justice.

5.2.5 Fiscal Impacts

5.2.5.1 Mandates on Local Agencies or School Districts

There are no relevant mandates to school districts, because this only impacts
multifamily buildings. There are also no mandates for local agencies because the
requirements would be specified at the statewide level through Title 24, Part 6.

5.2.5.2 Costs to Local Agencies or School Districts

There are no costs to school districts, because this only impacts multifamily buildings.
For local agencies the Statewide CASE Team does not anticipate any increase in work
for building inspectors.

5.2.5.3 Costs or Savings to Any State Agency

There are no costs or savings to state agencies because they would not be involved in
enforcement of the measure.
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5.2.5.4 Other Non-Discretionary Cost or Savings Imposed on Local
Agencies

There are no added non-discretionary costs or savings to local agencies.

5.2.5.5 Costs or Savings in Federal Funding to the State

There are no costs or savings to federal funding to the state due to the measure. The
proposed measure is a relatively small cost which the market would bear. The state
would not require federal funding to implement the proposed measure.

5.3 Energy Savings
5.3.1 Energy Savings Methodology

The Statewide CASE Team used a recirculation heat loss spreadsheet calculator (see
Appendix H for details) to assess the energy impact of the proposed code change. This
spreadsheet calculator used pipe heat loss calculation methods defined in the existing
2022 ACM Reference Manual. The spreadsheet calculator includes features to handle
detailed recirculation piping designs, insulation conditions, and recirculation flow
controls. In comparison, CBECC uses a simple recirculation model with six pipe
sections to streamline code compliance, but CBECC is not capable of assessing the
actual energy impact of recirculation system designs found in real buildings. This
calculator was also used to support energy impact analysis during the 2022 Code Cycle
for multifamily DHW distribution measures. Based on the output of the recirculation heat
loss calculator, the Statewide CASE Team calculated site, source, and LSC savings as
described in following sections.

The proposed balancing valve requirements have limited impact on water heating plant
operation. Therefore, water heating plant pipe heat loss was not included in energy
savings analysis for this proposed code change.

5.3.1.1 Key Assumptions for Energy Savings Analysis

The CEC directed the Statewide CASE Team to assess the energy impacts of proposed
code changes for four prototypical multifamily buildings as described in Section 5.3.1.2.
Detailed recirculation system piping configurations for the four prototypical buildings
were developed during the 2022 Code Cycle (see Appendix I) and were incorporated
into the recirculation heat loss spreadsheet calculator to assess distribution heat loss.
Table 119 provides key assumptions for energy impact analysis for the proposed code
change. Since this proposal is limited to DHW distribution systems with shorter
recirculation return pipes, the MidRiseMixedUse and HighRiseMixedUse prototype
buildings do not meet the recirculation return pipe length criteria and are omitted from
this table. Please see Appendix H for additional details.
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Table 119: Key Assumptions for Assessing Energy Impact of Automatic
Balancing Valves

Base Case: Manual balancing valves set to have 0.5
GPM recirculation flow per riser
Balancing valve configurations, Proposed Case: With automatic balancing valves,
base case and proposed case recirculation flows through risers are adjusted so that
water temperature at balancing valves are close to
the setpoint.

Pipe sizing method for distribution

system, both cases CPC Appendix A
o . .
R 2 EIEGE LowRiseGarden: 52%, LoadedCorridor: 43%
(Distribution system), both cases
Recirculation flow controls, both N
one

cases

Balancing Valve Assumptions

The Statewide CASE Team collected data from multiple sources to determine current
practice for balancing valve installation and balancing including interviews with
designers, contractors, and design consultants, and by reviewing plumbing permit
drawings and construction documents. Previously, the 2022 Statewide CASE Team had
determined that circuit setters are the baseline balancing valve.5? The 2025 Statewide
CASE Team verified that circuit setters are still an appropriate baseline manual
balancing valve via plans review and interviews. The Statewide CASE Team verified
that new construction generally includes balancing valves, and riser design flow rates
for manual valves vary from 0.5 GPM to 2 GPM, but 0.5 GPM is the most common
specified flow rate.

Due to the complexity of DHW distribution circulation systems, the Statewide CASE
Team made conservative assumptions to simplify the model. These include ignoring
savings due to increased plant efficiency and improved balance, as compared to poor
manual balancing. The Statewide CASE Team chose to only quantify the energy
savings potential due to reducing the riser flow rate at each riser (from 0.5 GPM per
riser) to what is necessary to maintain a specified temperature at the automatic
balancing valve to achieve the desired energy savings and cost-effectiveness results.

For the proposed design, the Statewide CASE Team simplified the energy savings
modeling due to modeling limitations. The Statewide CASE Team worked with an
experienced plumbing designer to calculate a minimum flow rate at the riser nearest the
heating plant based on valve and distribution system hydraulic properties. The
Statewide CASE Team applied this minimum flow rate to all risers, which results in a

52 https://title24stakeholders.com/wp-content/uploads/2020/09/2022_T24 Final-CASE-Report-MF-DHW-
Dist.pdf

2025 Title 24, Part 6 Final CASE Report — Multifamily Domestic Hot Water | 143



conservative estimate of minimum flow rate at each TBV. The Statewide CASE Team
then programmed the minimum flow rates as floor values into the recirculation heat loss
spreadsheet calculator. The spreadsheet calculator then calculates heat loss based on
the larger of two values—the floor minimum flow rate or the flow needed to meet
temperature set point, which results in a conservative estimate of energy savings. The
Statewide CASE Team also performed lab testing to validate the calculated flows and
found reasonable agreement, with the energy modeling for the LRLC prototype being
overall conservative compared to the balancing valve tested.

5.3.1.2 Energy Savings Methodology per Prototypical Building

The CEC directed the Statewide CASE Team to assess the energy impacts of proposed
code change for four prototypical multifamily buildings. Since this proposal is limited to
DHW distribution systems with shorter recirculation return pipes, the MidRiseMixedUse
and HighRiseMixedUse prototype buildings do not meet the recirculation return pipe
length criteria and are omitted from Table 120. First, savings are calculated by fuel type.
Electricity savings are measured in terms of both energy usage and peak demand
reduction. Natural gas savings are quantified in terms of energy usage. For each
prototypical multifamily building, the Statewide CASE Team used the spreadsheet
calculator to obtain hourly recirculation pipe heat loss for both the base case and
proposed recirculation system. The Statewide CASE Team then calculated the
corresponding hourly DHW system energy consumption (Therms for natural gas
systems and kWh for HPWH systems) by dividing the hourly recirculation pipe heat loss
by the heating plant efficiency. Annual site energy consumption for recirculation system
operation was obtained by summing up the hourly DHW system energy consumption for
the whole year. The first-year site energy savings (Therms/yr for natural gas systems
and kWh/yr for HPWH systems) of the proposed code change was calculated as the
difference in annual site energy consumption between the proposed and base case
recirculation systems.

For both the base case and proposed recirculation systems, annual peak electricity
demand (kW) was calculated based on weighted average hourly kWh consumption
during grid peak hours. Both peak hours and corresponding weighting factors are
provided by the CEC. Annual peak reduction (kW) of the proposed code change was
calculated as the difference in annual peak electricity demand between the base case
and proposed recirculation systems.

Second, the Statewide CASE Team calculated Source Energy Savings. Source Energy
represents the total amount of fuel required to operate a building. In addition to all
energy used from on-site production, source energy incorporates all transmission,
delivery, and production losses. The hourly source energy factors provided by the CEC
are strongly correlated to GHG emissions. The Statewide CASE Team calculated
source energy use in kilo British thermal units per year (kBtu/yr) by applying source
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energy factors to hourly DHW system energy consumption and summing the hourly
results for the whole year. Source Energy Savings is calculated as the difference in
source energy use between the base and the proposed cases.

The hourly source energy values provided by the CEC are strongly correlated with GHG
emissions.%® The Statewide CASE Team calculated GHG emissions (metric tons of
carbon dioxide emissions equivalent) by applying hourly GHG emissions factors to
hourly DHW system energy consumption and summing the hourly results for the whole
year. GHG emissions reduction is calculated as the difference in GHG emissions
between the base and the proposed cases.

Finally, the Statewide CASE Team calculated LSC savings, formerly known as TDV
energy cost savings. LSC savings are calculated using hourly energy cost metrics for
both electricity and natural gas provided by the CEC. These LSC hourly factors are
projected over the 30-year life of the building, and it incorporates the hourly cost of
marginal generation, transmission and distribution, fuel, capacity, losses, and cap-and-
trade-based CO2 emissions.'? The Statewide CASE Team applied 2025 LSC hourly
factors to hourly DHW system energy consumption and summed up hourly results for
the whole year to obtain LSC in 2026 PV$. LSC savings are the difference in LSC
between the base and proposed cases.

Table 120: Prototype Buildings Used for Energy, Demand, Cost, and
Environmental Impacts Analysis

Number | Floor Area
of Description
Stories

Prototype

Name

8-unit apartment building. Gas fired and HPWH central DHW
heater serving a central recirculation loop. Water heater is
located on one end the of building at the ground level.
Distribution piping runs horizontally in ceiling of ground floor,
vertically up four risers, and returns in the ceiling of the
second floor.%

36-unit apartment building. Gas fired and HPWH central
DHW heater serving a central recirculation loop. Water
Loaded heater is located in a mechanical room at the ground level.
. 3 40,000 AP o . ) -
Corridor Distribution piping runs horizontally in ceiling of ground floor,
vertically up 13 risers, and returns in the ceiling of the third
floor.

LowRise

Garden 2 7,680

53 See hourly factors for source energy, LSC, and GHG emissions at
https://www.energy.ca.gov/files/2025-energy-code-hourly-factors

54 This DHW Distribution CASE topic and the Central HPWH CASE topic are analyzing a central system
in the Low-Rise Garden prototype. The Low-Rise Garden prototype for other CASE topics assumes
individual water heaters for each dwelling unit.
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There are no existing requirements in Title 24, Part 6 that cover the building system in
question. The Statewide CASE Team modified the Standard Design, so it calculated
energy impacts of the most common current design practice or industry standard
practice.

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 121 presents
precisely which parameters were modified and what values were used in the Standard
Design and Proposed Design.

Table 121: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change

Standard
Prototype Climate Objects |Parameter| Design |Proposed Design

Modified Name Parameter | Parameter Value
Value

The larger of:

1. What is necessary to maintain a
specified temperature at the

LowRise All DHW Riser flow 0.5 automatic balancing valve, or
Garden Distribution rate ) o 9 T
2. Minimum flow rate at first riser
due to valve and distribution system
hydraulics
The larger of:
1. What is necessary to maintain a
Loaded DHW Riser flow specmeq tempergture at the
. All . 0.5 automatic balancing valve, or
Corridor Distribution rate

2. Minimum flow rate at first riser
due to valve and distribution system
hydraulics

The Statewide CASE Team 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 2025 LSC hourly factors to calculate LSC costs in 2026
PV$, Source Energy hourly factors to calculate source energy use in kilo British thermal
units per year (kBtu/yr), and hourly GHG emissions factors to calculate annual GHG
emissions in metric tons of carbon dioxide emissions equivalent per year (MT or
“tonnes” CO2elyr).

The energy impacts of the proposed code change vary by climate zone. However, the
variations in site energy savings are small (less than 1 percent). For the loaded corridor
prototype building, the Statewide CASE Team assessed the energy impacts in every
climate zone and applied the climate-zone specific LSC hourly factors when calculating
energy and energy cost impacts. The variations in site energy savings are small (less
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than 1 percent). Therefore, for the other three prototype buildings, the Statewide CASE
Team assessed the energy impacts for Climate Zones 3, 9, 12, and 15, and it then
extrapolated to the other climate zones according to the variation among climate zones
for the base case.

Per-unit energy impacts for multifamily buildings are presented in savings per residential
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. This step enables a calculation of statewide savings using the
construction forecast that is published in terms of number of multifamily dwelling units
by climate zone.

5.3.1.3 Statewide Energy Savings Methodology

The per-unit energy impacts were extrapolated to statewide impacts using the statewide
construction forecasts that the CEC provided (California Energy Commission 2022).
The statewide construction forecasts estimate new construction/additions that would
occur in 2026, the first year that the 2025 Title 24, Part 6 requirements are in effect. The
statewide forecasts also estimate the amount of total existing building stock in 2026,
which the Statewide CASE Team used to approximate savings from building alterations.
The construction forecast provides construction (new construction/additions and existing
building stock) by building type and climate zone, as shown in Appendix A. The
Statewide CASE Team accounted separately for normal market adoption of variable
speed pumps, and for normal market adoption of automatic balancing valves meeting
the temperature set point requirements of the proposal. Based on the results of the
plans review conducted by the Statewide CASE Team, normal market adoption rates
were determined to be 25 percent for TBVs.

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

5.3.2 Per-Unit Energy Impacts Results

Energy savings and peak demand reductions per unit are presented in Table 122
through Table 128. The energy savings due to additions and alterations are assumed to
be the same as the energy savings due to new construction. The energy savings results
presented in this report may understate real world savings in all cases due to poor
balancing practices that are not reflected in the energy calculations due to a lack of
supporting quantitative data. The per-unit energy savings figures do not account for
naturally occurring market adoption or compliance rates.

For HPWH-Balancing-Valve-Temp-120 LowRiseGarden, per-unit annual savings are
expected to range from 34 to 48 kWh/unit depending upon climate zones. There is no
gas usage in all climate zones for both base case and proposed case. Demand
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reductions are expected to range between 4 kW and 6 kW depending on the climate
zone.

For HPWH-Balancing-Valve-Temp-120 LoadedCorridor, per-unit annual savings are
expected to range from 11 to 12 kWh/unit depending upon climate zones. There is no
gas usage in all climate zones for both base case and proposed case. Demand
reductions are expected to be 1 kW.

For Gas- Balancing-Valve-Temp-120 LowRiseGarden, there are no per-unit electricity
saving in all climate zones for the base case. The per -unit natural gas savings range
from 114 to 204. There are no demand reductions for any of the climate zone.

For Gas- Balancing-Valve-Temp-120 LoadedCorrider, there are no per-unit electricity
saving in all climate zones for the base case. The per -unit natural gas savings range
from 46 to 53. There are no demand reductions for any of the climate zone.
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Table 122: Annual Electricity Savings (kWh) Per DweIIing Unit by Climate Zone (CZ) - HPWH-Balance-Valve-Temp-120

\\

'LowRiseGarden B et Bt Bt Bt Bt Bt Bt Bt Bt Bt Bt B B
LoadedCorridor 12 11 11 11 12 11 11 11 12 11 11 12 11 11 12 11

Table 123: Annual Peak Demand Reductio (kW) Per DweIIing Unit - HPWH-Balance-Valve-Temp-120

\\

'LowRiseGarden R e B B Bt B B B e B ) Y B B
LoadedCorridor 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 124: Annual Source Energy Savings (kBtu) Per Dwelling Unit - HPWH-Balance-Valve-Temp-120

\\

LowRiseGarden 84 77 73 76 81 75 73 73 5856 74 75 75 75 75 72 78
LoadedCorridor 21 20 19 20 21 20 19 19 20 20 20 20 20 20 21 20

Table 125: Annual LSC Savings (kBtu) Per Dwelling Unit - HPWH-Balance-Valve-Temp-120

Prototype | _CZ1| Cz2| CZ3 CZ4 Cz5 CZ6 CZ7  Cz8/ CZ9 CZ10 CZ11 CZ12 CZ13|CZ14 CZ15 CZ16

‘LowRiseGarden 294 290 310 288 279 279 226 283 288 301 285 287 292 300
LoadedCorridor 83 77 77 75 80 75 73 73 79 74 75 78 74 75 82 78

'LowRiseGarden 204 186 187 184 196 181 177 177 144 179 182 192 181 182 188 188
LoadedCorridor 53 48 49 48 51 47 46 46 50 46 47 49 47 47 52 49

LowRiseGarden 185 168 170 166 177 163 159 159 129 161 165 173 164 164 169 169
LoadedCorridor 48 44 44 43 46 42 41 41 45 42 43 45 43 42 47 44

Table 128: Annual LSC Savings (kBtu) Per Dwelling Unit - Gas-Balance-Valve-Temp-120

Prototype | _Cz1 _Cz2 Cz3 Cz4 Cz5 Cz6 Cz7 Cz8 CZ9 CZ10/CZ11 CZ12 CZ13 CZ14 CZ15 CZ16]

LowRiseGarden 244 222 222 220 234 217 213 211 171 214 218 227 216 218 223 225
LoadedCorridor 63 58 58 57 61 56 55 55 60 56 57 59 56 57 62 58
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5.4 Cost and Cost-Effectiveness

5.4.1 Energy Cost Savings Methodology

Energy cost savings were calculated by applying the LSC hourly factors to the energy
savings estimates that were derived using the methodology described in Section 5.3.1.
LSC hourly factors are 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 30-year period of analysis.

The CEC requested energy cost savings over the 30-year period of analysis in both
2026 PV$ and nominal dollars. The cost-effectiveness analysis uses LSC values in
2026 PV$. Costs and cost-effectiveness using 2026 PV$ are presented in Section 5.4.5
of this report. The CEC uses results in nominal dollars to complete the Economic and
Fiscal Impacts Statement (From 399) for the entire package of proposed change to Title
24, Part 6. Appendix G: Energy Cost Savings in Nominal Dollars presents LSC savings
results in nominal dollars.

5.4.2 Energy Cost Savings Results

Per-unit energy cost savings for newly constructed buildings, additions, and alterations
in terms of LSC savings realized over the 30-year period of analysis are presented 2026
PV$ in Table 129 through Table 136.

The LSC methodology allows peak electricity savings to be valued more than electricity
savings during non-peak periods. This measure addresses energy savings both during
peak and non-peak hours

Any time code changes impact cost, there is potential to disproportionately impact DIPs.
Refer to Section 5.6 for more details addressing energy equity and environmental
justice.
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Table 129: 2026 Present Value LSC Savings Per Dwelling Table 130: 2026 Present Value LSC Savings Per Dwelling

Unit Over 30-Year Period of Analysis — New Construction & Unit Over 30-Year Period of Analysis — New Construction &
Additions — LowRiseGarden - HPWH-Balance-Valve-Temp- Additions — LoadedCorridor - HPWH-Balance-Valve-Temp
120 120
_3(_)-Year _LSC 30-Year _LSC Total 30-_Year Climate _3(_)-Year _LSC 30-Year _LSC Total 30-_Year
Electricity Savings| Gas Savings LSC Savings Zone Electricity Savings Gas Savings LSC Savings
(2026 PV $)| (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
1 324 0 324 1 83 0 83
2 295 0 295 2 77 0 77
3 294 0 294 3 77 0 77
4 290 0 290 4 75 0 75
5 310 0 310 5 80 0 80
6 288 0 288 6 75 0 75
7 279 0 279 7 73 0 73
8 279 0 279 8 73 0 73
9 226 0 226 9 79 0 79
10 283 0 283 10 74 0 74
11 288 0 288 11 75 0 75
12 301 0 301 12 78 0 78
13 285 0 285 13 74 0 74
14 287 0 287 14 75 0 75
15 292 0 292 15 82 0 82
16 300 0 300 16 78 0 78
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Table 131: 2026 Present Value LSC Savings Per Dwelling Table 132: 2026 Present Value LSC Savings Per Dwelling

Unit Over 30-Year Period of Analysis — New Construction & Unit Over 30-Year Period of Analysis — New Construction &
Additions — LowRiseGarden - Gas-Balance-Valve-Temp-120 Additions — LoadedCorridor - Gas-Balance-Valve-Temp-120
Climate _39-Year _LSC 30-Year _LSC Total 30-Year Climate .3(.)-Year _LSC 30-Year !.SC Total 30-Year
Zone Electricity Savings Gas Savings LSC Savings Zone Electricity Savings Gas Savings LSC Savings

(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
1 0 244 244 1 0 63 63
2 0 222 222 2 0 58 58
3 0 222 222 3 0 58 58
4 0 220 220 4 0 57 57
5 0 234 234 5 0 61 61
6 0 217 217 6 0 56 56
7 0 213 213 7 0 55 55
8 0 211 211 8 0 55 55
9 0 171 171 9 0 60 60
10 0 214 214 10 0 56 56
1 0 218 218 11 0 57 57
12 0 227 227 12 0 59 59
13 0 216 216 13 0 56 56
14 0 218 218 14 0 57 57
15 0 223 223 15 0 62 62
16 0 225 225 16 0 58 58
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Table 133: 2026 Present Value LSC Savings Per Dwelling Table 134: 2026 Present Value LSC Savings Per Dwelling

Unit Over 30-Year Period of Analysis — Alterations — Unit Over 30-Year Period of Analysis — Alterations —
LowRiseGarden - HPWH-Balance-Valve-Temp-120 LoadedCorridor - HPWH-Balance-Valve-Temp-120
'39-Year 'LSC 30-Year 'LSC Total 30-_Year '3(.)-Year 'LSC 30-Year _LSC Total 30-Year
Zone Electricity Savings Gas Savings LSC Savings Zone Electricity Savings Gas Savings LSC Savings
(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
1 $324 0  $324 1 $3 %%  $83
2 $295 $0 $295 2 $77 $0 $77
3 $294 $0 $294 3 $77 $0 $77
4 $290 $0 $290 4 $75 $0 $75
5 $310 $0 $310 5 $80 $0 $80
6 $288 $0 $288 6 $75 $0 $75
7 $279 $0 $279 7 $73 $0 $73
8 $279 $0 $279 8 $73 $0 $73
9 $226 $0 $226 9 $79 $0 $79
10 $283 $0 $283 10 $74 $0 $74
11 $288 $0 $288 11 $75 $0 $75
12 $301 $0 $301 12 $78 $0 $78
13 $285 $0 $285 13 $74 $0 $74
14 $287 $0 $287 14 $75 $0 $75
15 $292 $0 $292 15 $82 $0 $82
16 $300 $0 $300 16 $78 $0 $78
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Table 135: 2026 Present Value LSC Savings Per Dwelling Table 136: 2026 Present Value LSC Savings Per Dwelling

Unit Over 30-Year Period of Analysis — Alterations — Unit Over 30-Year Period of Analysis — Alterations —
LowRiseGarden - Gas-Balance-Valve-Temp-120 LoadedCorridor - Gas-Balance-Valve-Temp-120
_39-Year _LSC 30-Year _LSC Total 30-_Year _39-Year _LSC 30-Year !.SC Total 30-Year
Zone Electricity Savings Gas Savings LSC Savings Zone Electricity Savings Gas Savings LSC Savings
(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
1 %0  $244  $244 1 s  $3  $63
2 $0 $222 $222 2 $0 $58 $58
3 $0 $222 $222 3 $0 $58 $58
4 $0 $220 $220 4 $0 $57 $57
5 $0 $234 $234 5 $0 $61 $61
6 $0 $217 $217 6 $0 $56 $56
7 $0 $213 $213 7 $0 $55 $55
8 $0 $211 $211 8 $0 $55 $55
9 $0 $171 $171 9 $0 $60 $60
10 $0 $214 $214 10 $0 $56 $56
1 $0 $218 $218 11 $0 $57 $57
12 $0 $227 $227 12 $0 $59 $59
13 $0 $216 $216 13 $0 $56 $56
14 $0 $218 $218 14 $0 $57 $57
15 $0 $223 $223 15 $0 $62 $62
16 $0 $225 $225 16 $0 $58 $58
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5.4.3 Incremental First Cost

This measure proposes a compliance option. As such, a cost analysis is not required.
The Statewide CASE Team had previously considered proposing the measure as a
prescriptive requirement, however the Statewide CASE Team decided that more
research would be needed to understand valve dynamics and switched the measure to
a compliance option. Because the Statewide CASE Team obtained cost data while
considering pursuing the measure as a prescriptive requirement, that data is presented
here.

Incremental first cost is the initial cost to adopt more efficient equipment or building
practices as compared to the cost of an equivalent baseline project. The Statewide
CASE Team considers first costs in evaluating overall measure Cost-Effectiveness.
Incremental first costs are based on data currently available and can change over time
as markets evolve and professionals become familiar with new technology and building
practices.

For both the baseline and proposed systems, the Statewide CASE Team gathered
costs related to the automatic balancing valves measure. The difference between the
baseline and proposed systems costs is the incremental cost.

The Statewide CASE Team developed a basis of design for each prototype described in
Section 5.3.1.2 and worked with two mechanical contractors to estimate costs for the
bases of design. The mechanical contractors provided material and labor cost estimates
for complete installation of the balancing valves, disaggregated by the valve product,
circulation pump product, valve balancing, pump setup, general conditions and
overhead, design and engineering, permit, testing, and inspection, and a contractor
profit or market factor.

The Statewide CASE Team obtained pricing estimates based on one circuit setter type
manual balancing valve and two TBVs. The results of the incremental first cost analysis
indicate that the measure reduces cost for new construction, additions, and alterations.
The first cost savings results lines up with stakeholder interviews and was confirmed by
feedback received at the first hot water stakeholder meeting.
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Table 137: Total Component Count and Type: Base Case

al? e Manual TBV
Type

Manufacturer Grundfos
LR Model No. CB-1/2S LF UP15-18 B5
Garden
Components 4 1
Low-Rise Manufacturer B&G Grundfos
Loaded Model No. CB-1/2S LF UPS 26-99 SFC (Speed 1)
Corridor Components 13 1
Manufacturer B&G Grundfos
alleHle Model No CB-1/2S LF UPS 26-99 SFC (Speed 2)
Mixed Use ' P
Components 22 1
) ) Manufacturer B&G Grundfos
AN THAEE Model No. CB-1/2S LF UP 15-18 B7
Mixed Use
Components 26 2

Table 138: Total Component Count and Type: Proposed Case

MF Building Fixed : . Variable Speed
m Setpoint TBV eI L S Capable Pumps

) Manufacturer | Circuitsolver Caleffi Grundfos
é‘;‘:’éeR;se Model No. = CS-1/2-115 | 116140A Thermosetter 1/2"  Alpha1 15-55F
# Components 4 4 1
Low-Rise Manufacturer | Circuitsolver Caleffi Grundfos
Loaded Model No. CS-1/2-115 | 116140A Thermosetter 1/2"  Alpha1 15-55F
Corridor # Components 13 13 1
o Manufacturer | Circuitsolver Caleffi Grundfos
M!d-Rlse Model No. CS-1/2-115 | 116140A Thermosetter 1/2"  Alpha1 15-55F
Mixed Use
# Components 22 22 1
Manufacturer | Circuitsolver Caleffi Grundfos
High-Rise "
Mixed Use Model No. CS-1/2-115  116140A Thermosetter 1/2"  Alpha1 15-55F
# Components 26 26 2

The Statewide CASE Team received balancing valve costs, pump costs, and labor
hours from a mechanical contractor as shown in Table 139, Table 140, and Table 141.
The data we received from the contractor lines up qualitatively with what we heard from
other stakeholders, which is that balancing manual valves correctly is time consuming
and costly. Two different balancing valve types, fixed set point and adjustable set point,
were priced to provide additional insights. The Statewide CASE Team based the cost
analysis on the adjustable valve. The material costs include the valves and pumps
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themselves as well as other installation materials. The labor hours are those to install
the valves and pumps.

Table 139: Material and Labor Costs for Base Case

_— Average Material
MF Building Type Material Cost Labor Rate Total Cost

Low-Rise Garden Style $1,010 15.01 $100 $2,511
Low-Rise Loaded Corridor $2,743 24.02 $100 $5,146

Table 140: Material and Labor Costs for Proposed Case-TBV

_ Average Material
MF Building Type Material Cost Labor Rate Total Cost

Low-Rise Garden Style $1,179 11.01 $100 $2,281
Low-Rise Loaded Corridor $2,907 20.02 $100 $4,909

Using the provided material and labor costs the Statewide CASE Team was able to
calculate total installed costs for the base case and both proposed cases. From those
installed costs the Statewide CASE Team was then able to distill an incremental cost of
installation for each multifamily building type, as well as an average incremental cost
per dwelling unit, as shown in Table 141.

Table 141: Incremental Costs for Base Case vs Proposed Case-TBV

Proposed Total Average

MF Building Type Base Case P Incremental | Incremental Cost
Case- TBV : .

Cost| per Dwelling Unit

Low-Rise Garden Style $2,511 $2,281 -$230 -$29
Low-Rise Loaded Corridor $5,146 $4,909 -$237 -$7

5.4.4 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 (or savings) was calculated using a three
percent discount rate (d), which is consistent with the discount rate used when
developing the 2025 Lifecycle Cost Hourly Factors. 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 l o dJ
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The persistence of measure savings is dependent on replacement of the TBV at the end
of life, maintenance of the proper temperature set point after installation, and
maintenance of the variable speed pump. The TBV has additional moving parts as
compared to the baseline circuit setter valves, which means there are additional
potential failure points. On the other hand, the TBV is more resilient to changes in the
distribution system including changes in fixture and piping layout, sedimentation, and
mineral deposits in the piping. The main difference between the variable speed pump
and the base case constant speed pump is onboard sensors and controls, however the
variable speed operation would also reduce wear on the pump due to lower pump
operating speeds and pressures.

The Statewide CASE Team determined by anecdotal means that replacement of pumps
and valves would occur at an average of every fifteen years. This being the case The
Statewide CASE Team developed the following tables to quantify the incremental costs
associated with the replacement of the equipment.

Table 142: Replacement Material and Labor Costs for Base Case

_— Average Material
MF Building Type Material Cost Labor Rate Total Cost

Low-Rise Garden Style $808 18.76 $100 $2,684
Low-Rise Loaded Corridor $2,194 30.02 $100 $5,196

Table 143: Replacement Material and Labor Costs for Proposed Case

_— Average Material
MF Building Type Material Cost Labor Rate Total Cost

Low-Rise Garden Style $943 13.76 $100 $2,319
Low-Rise Loaded Corridor $2,326 25.02 $100 $4,828

Table 144: Incremental Replacement Costs for Base Case vs Proposed Case

Proposed Total Average

MF Building Type Base Case P Incremental| Incremental Cost
Case- TBV . .

Cost| per Dwelling Unit

Low-Rise Garden Style $2,684 $2,319 -$365 -$46
Low-Rise Loaded Corridor $5,196 $4,828 -$368 -$10

5.4.5 Cost-Effectiveness

This measure proposes a compliance option. As such, a cost analysis is not required.
The Statewide CASE Team had previously considered proposing the measure as a
prescriptive requirement, however the Statewide CASE Team decided that more
research would be needed to understand valve dynamics and switched the measure to
a compliance option. Because the Statewide CASE Team obtained cost data while
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considering pursuing the measure as a prescriptive requirement, that data is presented
here.

The CEC establishes the procedures for calculating Cost-Effectiveness. The Statewide
CASE Team collaborated with CEC 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 LSC 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 CEC’s definitions, a measure is cost effective if the 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 2026 PV costs and cost savings.

Results of the per-unit, cost-effectiveness analyses are presented in Table 145 and
Table 146 for new construction/additions and alterations, respectively.

This measure does not propose mandatory requirements or a revision to the primary
prescriptive requirements. A cost analysis is not necessary because the measure is not
proposed to be part of the baseline level of stringency, however the Statewide CASE
Team has provided information about the Cost-Effectiveness of the measure since the
Team originally considered proposing this as a prescriptive requirement.

The proposed measure saves money over the 30-year period of analysis relative to
current practice. The proposed code change is cost effective in every climate zone,
including for additions and alterations. Benefits and costs are defined as follows:

. Benefits: 30-year LSC Savings + Other PV Savings: Benefits include LSC
savings over the 30-year period of analysis (California Energy Commission 2022).
Other savings are discounted at a real (nominal — inflation) three percent rate.
Other PV savings include incremental first-cost savings if proposed first cost is less
than current first cost, incremental PV maintenance cost savings if PV of proposed
maintenance costs is less than PV of current maintenance costs, and incremental
residual value if proposed residual value is greater than current residual value at
end of CASE analysis period.

« Costs: Total Incremental Present Valued Costs: Costs include incremental
equipment, replacement, and maintenance costs over the period of analysis if PV
of proposed costs is greater than PV of current costs. Costs are discounted at a
real (inflation-adjusted) three percent rate. 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 145: 30-Year Cost-Effectiveness Summary Per Dwelling Unit — New
Construction/Additions - HPWH-Balance-Valve-Temp-120

Benefits: Costs: B/C
LSC Savings + Other PV Cost Savings| Total Incremental PV Costs Ratio

N
: ég
®
2
®

(2026 PV$/dwelling unit) (2026 PV$/dwelling unit)
1 $130 $0  Infinite
2 $130 $0  Infinite
3 $125 $0  Infinite
4 $128 $0  Infinite
5 $133 $0 | Infinite
6 $117 $0  Infinite
7 $113 $0 | Infinite
8 $115 $0  Infinite
9 $114 $0 | Infinite
10 $116 $0  Infinite
11 $118 $0 | Infinite
12 $122 $0 | Infinite
13 $117 $0 | Infinite
14 $118 $0 | Infinite
15 $124 $0 | Infinite
16 $123 $0 | Infinite

Table 146: 30-Year Cost-Effectiveness Summary Per Dwelling Unit — Alterations -
HPWH-Balance-Valve-Temp-120

Climat Benefits: Costs: B/C
Zoerea € LSC Savings + Other PV Cost Savings| Total Incremental PV Costs Ratio
(2026 PV$/dwelling unit) (2026 PV$/dwelling unlt)

1 $143 Infinite
2 $144 $0 Infinite
3 $138 $0 Infinite
4 $141 $0 | Infinite
5 $146 $0  Infinite
6 $129 $0 | Infinite
7 $125 $0  Infinite
8 $126 $0 | Infinite
9 $123 $0 Infinite
10 $127 $0 | Infinite
11 $130 $0 Infinite
12 $134 $0 | Infinite
13 $128 $0  Infinite
14 $129 $0 | Infinite
15 $136 $0 Infinite
16 $135 $0 | Infinite
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Table 147: 30-Year Cost-Effectiveness Summary Per Dwelling Unit — New
Construction/Additions - Gas-Balance-Valve-Temp-120

Benefits: Costs: B/C
LSC Savings + Other PV Cost Savings| Total Incremental PV Costs Ratio
(2026 PV$/dwelling unit) (2026 PV$/dwelling unit)
$0

1 $90 Infinite
2 $93 $0 Infinite
3 $88 $0 Infinite
4 $91 $0 Infinite
5 $94 $0 Infinite
6 $82 $0 Infinite
7 $80 $0 Infinite
8 $80 $0 Infinite
9 $82 $0 Infinite
10 $81 $0 Infinite
11 $83 $0 Infinite
12 $85 $0 Infinite
13 $82 $0 Infinite
14 $82 $0 Infinite
15 $87 $0 Infinite
16 $86 $0 Infinite

Table 148: 30-Year Cost-Effectiveness Summary Per Dwelling Unit — Alterations -
Gas-Balance-Valve-Temp-120

Climat Benefits: Costs: B/C
Zoerea € LSC Savings + Other PV Cost Savings| Total Incremental PV Costs Ratio
(2026 PV$/dwelling unit) (2026 PV$/dwelling unit)

1 $97 $0 Infinite
2 $99 $0 Infinite
3 $95 $0 Infinite
4 $98 $0 Infinite
5 $101 $0 Infinite
6 $88 $0 Infinite
7 $86 $0 Infinite
8 $86 $0 Infinite
9 $86 $0 Infinite
10 $87 $0 Infinite
11 $89 $0 Infinite
12 $91 $0 Infinite
13 $88 $0 Infinite
14 $88 $0 Infinite
15 $93 $0 Infinite
16 $92 $0 Infinite
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5.5 Annual Statewide Impacts

5.5.1 Statewide Energy and Energy Cost Savings

The Statewide CASE Team calculated the first-year statewide savings for new
construction and additions by multiplying the per-unit savings, which are presented in
Section 5.3.2, by assumptions about the percentage of newly constructed buildings that
would be impacted by the proposed code. The statewide new construction forecast for
2026 is presented in Appendix A, as are the Statewide CASE Team’s assumptions
about the percentage of new construction that would be impacted by the proposal (by
climate zone and building type).

The first-year energy impacts represent the first-year annual savings from all buildings
that were completed in 2026. 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.

The tables below present the first-year statewide energy and energy cost savings from
newly constructed buildings and additions (Table 149) and alterations (Table 150) by
climate zone. Table 151 presents first-year statewide savings from new construction,
additions, and alterations.

While a statewide analysis is crucial to understanding broader effects of code change
proposals, there is potential to disproportionately impact DIPs that needs to be
considered. Refer to Section 5.6 for more details addressing energy equity and
environmental justice.
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Table 149: Statewide Energy and Energy Cost Impacts — New Construction and
Additions — Balance-Valve-Temp-120

Statewide New A I A I 30-Year
Construction & a| Annual Peak nnua nnua Present
" Annual . Natural Source
: Additions . . Electrical Valued
Climate Electricity Gas Energy

Impacted by : Demand . . LSC

Zone SEWVL[S : Savings| Savings .
Proposed Change Reduction o o Savings
in2026  (GWh) (mw)| {Mitlion | (VIOR - witlion
(Dwelling Units) JIIE, )| 2026 PV$)
1 8 0.000 0.000 0.000 0.000 $0.001
2 73 0.000 0.000 0.000 0.003 $0.005
3 404 0.001 0.000 0.000 0.019 $0.030
4 179 0.000 0.000 0.000 0.008 $0.013
5 15 0.000 0.000 0.000 0.001 $0.001
6 118 0.000 0.000 0.000 0.005 $0.009
7 271 0.001 0.000 0.000 0.012 $0.019
8 452 0.001 0.000 0.000 0.020 $0.032
9 541 0.001 0.000 0.000 0.025 $0.039
10 226 0.001 0.000 0.000 0.010 $0.016
11 62 0.000 0.000 0.000 0.003 $0.005
12 291 0.001 0.000 0.000 0.014 $0.022
13 53 0.000 0.000 0.000 0.002 $0.004
14 76 0.000 0.000 0.000 0.004 $0.006
15 20 0.000 0.000 0.000 0.001 $0.002
16 10 0.000 0.000 0.000 0.000 $0.001
Total 2,797 0.007 0.001 0.001 0.130 $0.205

a. First-year savings from all buildings completed statewide in 2026.
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Table 150: Statewide Energy and Energy Cost Impacts — Alterations — Balance-
Valve-Temp-120

Statewide New A I A I 30-Year
Construction & a| Annual Peak anua nnta Present
" Annual . Natural Source
: Additions . . Electrical Valued
Climate Electricity Gas Energy

Impacted by . Demand . . LSC

Zone Savings . Savings| Savings .
Proposed Change Reduction - - Savings
in2026|  (GWh) (mw)| (Mitlion - (WEHOR | willion
(Dwelling Units) g )| 2026 PV$)
1 82 0.000 0.000 0.000 0.005 $0.007
2 494 0.002 0.000 0.000 0.025 $0.040
3 2,579 0.008 0.001 0.001 0.131 $0.208
4 1,346 0.004 0.000 0.001 0.067 $0.107
5 213 0.001 0.000 0.000 0.011 $0.018
6 1,504 0.005 0.001 0.001 0.074 $0.118
7 1,433 0.004 0.001 0.001 0.069 $0.110
8 2,402 0.007 0.001 0.001 0.115 $0.184
9 5,210 0.015 0.002 0.003 0.250 $0.398
10 1,535 0.005 0.001 0.001 0.075 $0.119
11 398 0.001 0.000 0.000 0.020 $0.031
12 2,200 0.007 0.001 0.001 0.114 $0.181
13 732 0.002 0.000 0.000 0.036 $0.057
14 389 0.001 0.000 0.000 0.019 $0.031
15 192 0.001 0.000 0.000 0.010 $0.016
16 131 0.000 0.000 0.000 0.007 $0.011
Total 20,839 0.062 0.007 0.010 1.029 $1.637

a. First-year savings from all buildings completed statewide in 2026.

Table 151: Statewide Energy and Energy Cost Impacts — New Construction,
Additions, and Alterations

Annual Peak | First-Year Annual 30-Year
Annual 2 Electrical Natural S Present
Construction T Electricity Dec ”"Z Gas E°‘"°e Valued LSC
onstruction Type Savings =man Savings nergy Savings
(GWh) Reduction (Million Savings (Million 2026
(MW) Therms) (Million kBtu) PVS)

New Construction &
Additions 0.007 0.001 0.001 0.130 $0.205
Alterations 0.062 0.007 0.010 1.029 $1.637
Total 0.07 0.008 0.01 1.16 $1.84

a. First-year savings from all alterations completed statewide in 2026.
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5.5.2 Statewide GHG Emissions Reductions

The Statewide CASE Team calculated avoided GHG emissions associated with energy
consumption using the hourly GHG emissions factors that the CEC developed along
with the 2025 LSC hourly factors and an assumed cost of $123.15 per metric tons of
carbon dioxide equivalent emissions (metric tons CO2e).

The monetary value of avoided GHG emissions based on a proxy for permit costs (not
social costs).®® The cost-effectiveness analysis presented in Section 5.4.5 of this report
does not include the cost savings from avoided GHG emissions. To demonstrate the
cost savings of avoided GHG emissions, the Statewide CASE Team disaggregated the
value of avoided GHG emissions from the other economic impacts. Table 152 presents
the estimated first-year avoided GHG emissions of the proposed code change. During
the first year, GHG emissions of 75.5 (metric tons CO2e) would be avoided.

Table 152: Annual Statewide GHG Emissions Impacts - Balance-Valve-Temp-120

Reduced GHG Reduced GHG Total
Emissions from| Natural Gas Emissions Total Reduced Monetary

Electricity . . GHG
Electricity Savings?| from Natural Emissionsa Value of

Savings? (Million| Gas Savings? Metric T Reduced GHG
(Metric Tons | Thermslyr)| (Metric Tons (HE ”((I:OZOeI; Emissionsbe
CO02e) CO02e) ($)

Savings?
(GWhlyr)

Balance-Valve-
Temp-120

a. First-year savings from all applicable newly constructed buildings, additions, and alterations
completed statewide in 2026.

b. GHG emissions savings were calculated using hourly GHG emissions factors alongside the LSC
hourly factors published by the CEC here: https://www.energy.ca.gov/files/2025-energy-code-
hourly-factors

c. The monetary value of avoided GHG emissions is based on a proxy for permit costs (not social
costs) derived from the 2022 TDV Update Model published by the CEC here:
https://www.energy.ca.gov/files/tdv-2022-update-model

0.07 6.4 0.01 69.1 75.5 $9,294

5.5.3 Statewide Water Use Impacts

The proposed code change would not result in water savings.

55 The permit cost of carbon is equivalent to the market value of a unit of GHG emissions in the California
Cap-and-Trade program, while social cost of carbon is an estimate of the total economic value of damage
done per unit of GHG emissions. Social costs tend to be greater than permit costs. See more on the Cap-
and-Trade Program on the California Air Resources Board website: https://ww?2.arb.ca.gov/our-
work/programs/cap-and-trade-program.
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5.5.4 Statewide Material Impacts

The proposed scenario impacts the low-rise building prototypes which has some impact
on different material usage. In overall, in the proposed condition, Copper, Steel, Plastic
and Lead usage would reduce. See Appendix D for more details.

Table 153: Annual Statewide Impacts on Material Use — Thermostatic Balancing
Valves

Per-Unit Impacts (Pounds Annual ? Statewide
per Dwelling Unit) Impacts (Pounds)
8

Lead Decrease 0.000395

Copper Decrease 0.003471 68
Steel Decrease 0.030355 598
Plastic Decrease 0.002386 47
Brass Increase 0.032659 644
TOTAL - - -

a. First-year savings from all buildings completed statewide in 2026.

5.5.5 Other Non-Energy Impacts

Non-energy impacts include improved DHW distribution system delivery performance
which directly results in a safer hot water distribution system while increasing occupant
comfort and reducing risk to property owners. Safety is improved because poorly
balanced buildings tend to have insufficient flow to the risers furthest from the water
heater, resulting in lower temperatures than intended and increased risk of legionella.
Alternatively in poorly balanced buildings, in some cases the lower temperature at the
furthest risers leads to occupant discomfort and complaints and subsequent increase of
the hot water supply temperature to the point where scalding can occur at dwelling units
served by the risers nearest the water heater. In both cases occupant comfort is
compromised, and complaints can impact the buildings reputation.

5.6 Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure on
DIPs. See Section 2 for a summary of research methods and potentially impacted
populations, as well as other general potential equity impacts (Meng, et al. 2007)
(CALEPA 2022).

5.6.1 Potential Impacts

This measure would result in lower construction costs, a reduction in energy costs, and
improved hot water delivery, which are discussed in detail in Section 2.2.2, with impacts
on potentially impacted populations as described in Section 2.2.1.
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6. Master Mixing Valves

6.1 Measure Description

6.1.1 Proposed Code Change

The proposed code change would—impact Section 170.2(d) - Prescriptive Approach for
Water Heating Systems. It would require the installation of a thermostatic MMV that
conforms to the American Society of Sanitation Engineers (ASSE) 1017-2009 standard,
Performance Requirements for Temperature Actuated Mixing Valves for Hot Water
Distribution Systems. The MMV must be installed on the central heating plant hot water
supply outlet header leading to the recirculation loop. The MMV shall be installed and
commissioned in accordance with manufacturer’s instructions and applicable reference
appendix. The plumbing plans shall provide MMV installation details and specifications
indicating water mixing parameters, if this exceeds the mixing capability of the specified
MMV, the designer shall provide valve commissioning instructions to prevent
temperature creep.

Additionally, this proposed measure would require minor updates to the compliance
software to indicate that a thermostatic MMV is specified. The measures would not add
field verification or acceptance tests. This code change proposal would apply to newly
constructed buildings only.

6.1.2 Justification and Background Information

6.1.2.1 Justification

The Statewide CASE Team proposes a prescriptive requirement to install a thermostatic
MMV in a central domestic water heating plant with recirculation system. Both
mechanical and digital MMV are types of thermostatic mixing valves defined by the
capability to sense outlet temperature and actively mix the right ratio of incoming hot
and cold water to maintain the desired output temperature. MMV are commonly found in
four out of five centralized heating plants in multifamily buildings based on a review of
new construction building plans throughout California. They are traditionally installed for
pathogen and scalding mitigation.

Laboratory testing has shown significant energy savings when a MMV is installed at the
heating plant hot water outlet supply line prior to centralized supply and return
distribution system, versus mixing downstream at the dwelling unit.

Mechanical MMV are standard practice in the industry, and there is a wide range of
product types. Performance varies even with established performance standards. Digital
MMV requires less maintenance and offers higher accuracy, performance, and
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versatility, and they are more responsive to temperature fluctuations and pressure
changes in the hot water system. Digital MMVs more accurately maintain setpoint
temperature, and they are designed to operate with modern high efficiency heating
plants with recirculation system setups that further mitigate the risk of pathogens.

MMVs are already commonly specified and installed in central domestic water heating
systems with recirculation. Based on our review of 22 new construction and retrofit
project plumbing drawings, 82 percent of those designs (18 of 22 projects) included
MMV (2 digital, 16 mechanical) in the DHW heating plant design, 2 projects utilized
MMV at each dwelling unit, and 2 projects did not use MMV.

24-hour application testing of a heat pump-based system at PG&E’s ATS Hot Water
System Laboratory, which mimicked a building with 44 dwelling units with mechanical or
digital MMV installed on the hot water supply header, resulted in an average 10.5
percent reduction in energy use, compared to no MMV installed at the heating plant and
simulating hot water tempering at the dwelling unit. This proposed measure leads to
lower operating cost of the DHW system, which benefits building owners, operators, and
occupants.

This proposed prescriptive measure seeks to codify what is already considered to be
good practice and more cost-effective than individual MMV installation at each dwelling
unit. With the advance towards central HPWH systems, the use of MMV to precisely
control the distribution supply temperature offers higher system COP, load shifting
capabilities, and the ability to safely increase storage heating capacity. MMV also
improves reliability of single pass heat pumps in certain recirculation return to primary
tank design applications.

Digital MMV s offer heating plant energy savings, pump savings from reduced pressure
drop, temperature fluctuation reductions between low and high demand periods, and the
ability to maintain loop temperature during minimum demand periods (Ali Rahmatmand
et al. 2020). One Canadian report of an existing 14-story building that replaced a
mechanical MMV with an advanced digital MMV showed 25 percent energy savings at
the heating plant and lower recirculation pump operating costs from lower pressure drop
though the digital valve (Ali Rahmatmand et al. 2019).

6.1.2.2 Background Information

Designers commonly specify mechanical MMV that utilize paraffin wax or bi-metal
designs located on the hot water heating plant outlet header leading to a centralized
distribution system with recirculation. This design offers the simplest solution to
controlling the temperature in the recirculation loop. While the technology and
performance standards of gas and electric water heaters has greatly improved,
minimum MMV performance has not improved significantly despite technology
improvements, especially with the introduction of digital mixing valves.
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ASSE 1017-2009 standard addresses MMV performance (ASSE Scald Awareness
Task Group 2017), but the performance baseline is low and not representative of real-
world operation in multifamily DHW systems with dynamic draws and continuous
recirculation. All major types of mixing valves meet the standard, but it is hard to
differentiate the performance of various type valves from their specification sheets
based on the standard specifications provided, which include maximum outlet
temperature, cold and hot water inlet temperature range, minimum approach (mixed
minus hot inlet) temperature, minimum water flow rate, and maximum working pressure.

Specifically, there are no requirements in the standard to verify that the device performs
thermostatic mixing or if it can accommodate high recirculation return temperatures
(recirculation/cold water inlet approach temperature), and the temperature control
requirement is not stringent at £5°F allowable at 6 GPM for a MMV with maximum flow
range of 5-40 GPM, and £7°F above 40 GPM. MMVs are tested in the laboratory with a
30°F differential between the incoming cold water to mixed outlet temperature, which
does not represent the typical continuous recirculation loop in operation with typically a
5°F differential (Knight 2021) (Freidt 2021).

Leonard Valve began manufacturing thermostatic mixing valves in 1911 (Leonard
2022). While the technology has evolved with digital valves introduced in 2005 by
Armstrong International (Young 2010), the performance variation in the marketplace has
greatly expanded, and the performance standard has not evolved sufficiently.

Temperature creep is a phenomenon when the distribution loop temperature slowly
increases during periods of no draw until it gets close to the tank temperature, as it
cannot shed enough heat in a closed loop cycle, and many mechanical MMV by design
must flow a portion (approximately 20 percent) of the recirculation return water back to
the tank—allowing flow on the hot water inlet side to the MMV to overheat the loop
(Freidt 2021). This phenomenon would more often occur with well insulated distribution
loops with low temperature drop between the supply and return. Temperature creep can
lead to higher distribution loop heat loss and potential for scalding when the first draws
are incurred after a long no-draw period that can more commonly occur overnight. Many
mechanical MMV require the installation and commissioning of one balancing valve to
prevent temperature creep, which is more prevalent in a highly insulated distribution
loop. Temperature creep mitigation devices are often integrated into mechanical MMV
stations designed for recirculation systems (Acorn 2020) (Leonard 2020) (Lawler 2022).
When specifying a standalone MMV, some manufacturers provide a recirculation
system schematic directly on their data sheets (Leonard 2018) (Lawler 2022); others
reference a separate schematic document (Powers 2017). Some manufacturers do not
provide documentation or do not include balancing valves on their diagrams (Holby
2020) (Symmons 2018) (Lawler 2022). In all cases, The Statewide CASE Team could
not find documentation on what function the balancing valve(s) plays related to the
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MMV and how to commission the balancing valve after reviewing manufacturer’s
specification sheets and manuals related to their products mentioned above, nor has
this guidance been found on building plans reviewed.

The proposed prescriptive requirement is complimentary to several leading HPWH
manufacturers’ installation guidelines. The Northwest Energy Efficiency Alliance’s
(NEEA) Advanced Water Heating Specification 8.0 (NEEA 2022) defines four major
components of a central HPWH system including, (1) primary heating system, (2)
primary storage, (3) temperature maintenance system, and (4) controls, and sensors.
Thermostatic mixing valves are a required component of the temperature maintenance
system. Historically, mixing valves are used to mitigate pathogen growth and scalding
risk. With the advance towards central HPWH systems, the use of advanced mixing
valves to precisely control the distribution supply and return temperatures offers
additional heating plant performance benefits and distribution loop pipe heat loss
savings.

Digital MMV may provide energy savings and energy grid benefits in the following ways:

e Promotes stratification in gas-fired or heat pump-based indirect storage tank
systems or integrated hybrid water heaters, leading to higher efficiency operation
through forcing most of the recirculated water from the return line to the cold side
of the MMV and bypassing the tank(s).

¢ Minimizes energy waste by limiting cold water intrusion into the distribution loop
during draws versus mechanical MMV (Ali Rahmatmand et al. 2019).

e Provides capability to direct up to 100 percent of the return flow back to the
distribution system by fully closing off the hot inlet port prevents temperature
creep, thus reducing scalding risk and pipe heat loss.

e Offers the following with HP-based heating plants:

o Supports design flexibility in plumbing the recirculation line back to primary
storage tanks without causing tank destratification and potential single
pass heat pump malfunction.

o Provides the capability to store water at elevated temperatures supports
load flexibility strategies, such as load shifting, to be incorporated
effectively.

o Mitigates the use of supplemental electric-resistance or natural-gas
heating with leading swing tank concept heating plant designs.

e Regulates the heater outlet water temperature much more accurately (+1-3°F of
setpoint) than relying on a tank thermostat sensor (+5°F of setpoint), thus
allowing the potential to lower heater setpoint and result in lower pipe heat loss.

e Allows for increased stored energy capacity (e.g., 140-180°), which reduces the
storage volume requirements while further mitigating pathogen concerns.
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¢ Reduces pressure loss especially when compared to mechanical MMV as they
age.

e Responds quickly to pressure fluctuations and is impacted less compared to
mechanical MMV that can struggle to regain control to deliver the desired mixed
outlet temperature.

¢ Reduces maintenance through daily exercise function (most models) of the valve
to minimize scale build-up and ensures smooth operation compared to
mechanical MMV that are impacted by hard water, which affects the mixing
accuracy and operation.

Utility research supports this proposed code change through the Statewide Codes and
Standards Program administered by PG&E with MMV laboratory testing at PG&E’s
ATS. This proposal relies on data from recent and ongoing data collection efforts. There
have been limited advocacy activities including presenting on preliminary findings at
national forums (Delagah 2021), but there are no targeted incentives as energy
efficiency research of MMVs is at its infancy.

The Statewide CASE Team is not aware of similar measures being considered in
previous Title 24, Part 6 rulemakings for the purpose of energy savings. The use of
MMV is mentioned in the Performance Approach Section 11.6.7.3 of the 2022
Nonresidential and Multifamily Compliance Manual. The manual references Joint
Appendix (JA) 13.3.1, which states that to qualify for the HPWH Demand Management
System performance compliance credit, the system shall include a thermostatic mixing
valve that conforms with ASSE 1017 and be installed on the hot water supply line.

The Statewide CASE Team understands that IAPMO is supporting the development of
a new ASSE standard focused on digital MMV in DHW continuous recirculation
applications that would provide a higher performance bar for the industry, but it is not
aware of any other organizations working on specific MMV proposals.

6.1.3 Summary of Proposed Changes to Code Documents

The sections below summarize how the standards, Reference Appendices, ACM
Reference Manuals, and compliance forms would be modified by the proposed
change.%¢ See Section 11 of this report for detailed proposed revisions to code
language.

56 Visit EnergyCodeAce.com for trainings, tools, and resources to help people understand existing code
requirements.
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6.1.3.1 Specific Purpose and Necessity of Proposed Code Changes

Each proposed change to language in Title 24, Part 1 and Part 6 as well as the
reference appendices to Part 6 are described below. See Section 11.2 of this report for
marked-up code language.

Section: 170.2(d)

Specific Purpose: The specific purpose of this addition is to establish a prescriptive
requirement for the installation of MMVs for central DHW heating systems.

Necessity: This addition is necessary to increase heating plant efficiency and reduce
hot water distribution heat losses to increase energy efficiency via cost-effective building
design standards, as directed by California Public Resource Code Sections 25213 and
25402. The proposed measure codifies what is already considered good engineering
design, and it provides building owners and tenants consistent DHW temperatures and
mitigates scaling and risk to pathogens.

Reference Appendices

This proposal would modify the sections of the Reference Appendices identified below.
See Section 11.3 of this report for the detailed proposed revisions to the text of the
Reference Appendices.

RA4.4 Water Heating Measures

RA4.4.20 Multiple Dwelling Units: Master Mixing Valves: The proposed change
would add a new section, RA4.4.20, intended for building designers and contractors to
provide minimum MMV specification, installation, and commissioning requirements.

6.1.3.2 Specific Purpose and Necessity of Changes to the Nonresidential
and Multifamily ACM Reference Manual

The purpose and necessity of proposed changes to the Nonresidential and Multifamily
ACM Reference Manual are described below. See Section 11.4 of this report for the
detailed proposed revisions to the text of the ACM Reference Manual.

Sections: 6.11.3 DHW Multiple Dwelling Units — Central Water Heating

Specific Purpose: The specific purpose is to provide guidance on using thermostatic
MMV as part of the standard design on a central distribution system with recirculation to
reduce hot water distribution losses and improve heating plant efficiency.

Necessity: These changes are necessary to enhance the description of the standard
design recirculation system with inclusion of mechanical MMV.

2025 Title 24, Part 6 Final CASE Report — Multifamily Domestic Hot Water | 172



6.1.3.3 Summary of Changes to the Nonresidential and Multifamily
Compliance Manual

Chapter 11 of the Nonresidential and Multifamily Compliance Manual would need to be
revised. Specifically, it would add a summary of the prescriptive measure to the “What’s
New” section under 11.6.1.2. Additions to Section 11.6.7 Systems Serving Multiple
Dwelling Units would be needed. Subsection 11.6.7.2 Prescriptive Requirements would
define the function and importance of a MMV and discuss the need to install and
commission the MMV in accordance with manufacturer’s instructions. Subsection
11.6.7.7 Performance Approach would discuss the resulting compliance penalty if
electing not to incorporate a MMV for systems serving multiple dwelling units with a
recirculation pump.

6.1.3.4 Summary of Changes to Compliance Forms
The proposed code change would modify the compliance forms listed below.

e 2022-LMCC-PLB-E: Domestic Water Heating: Low-Rise Multifamily
Certificate of Compliance Domestic Water Heating: Adds prescriptive
requirement questions on if the design team has selected a ASSE 1017
Thermostatic MMV and documented adequately on the plumbing plans.

e 2022-NRCC-PLB-E: Domestic Water Heating: Nonresidential Certificate of
Compliance Domestic Water Heating: Adds a prescriptive requirement
question on if the design team has selected a ASSE 1017 Thermostatic MMV
and documented adequately on the plumbing plans.

e 2022-LMCI-PLB-E: Domestic Water Heating: Low-Rise Multifamily
Certificate of Inspection Domestic Water Heating: Adds a prescriptive
requirement question on if the construction team has installed a ASSE 1017
Thermostatic MMV as instructed on the plumbing plans.

e 2022-NRCI-PLB-E: Domestic Water Heating: Nonresidential Certificate of
Inspection Domestic Water Heating: Adds a prescriptive requirement question
on if the construction team has installed a ASSE 1017 Thermostatic MMV as
instructed on the plumbing plans.

6.1.4 Regulatory Context
6.1.4.1 Determination of Inconsistency or Incompatibility with Existing
State Laws and Regulations

Sections 408.3 and 409.4 discuss the need for thermostatic mixing for scald protection,
but they do not specify the location where mixing is required. This proposal does not
conflict with the CPC or other parts of the California Energy Standards
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(https://www.dgs.ca.gov/BSC/Codes). Changes outside of Title 24, Part 6 are not
needed.

There are no relevant state or local laws or regulations, and there is no conflict with the
current CPC.

There are no other code change proposals under consideration for the 2025 code cycle
that overlap with this proposal.

6.1.4.2 Duplication or Conflicts with Federal Laws and Regulations

There are no relevant federal laws or regulations.

6.1.4.3 Difference From Existing Model Codes and Industry Standards

This proposal does rely on the ASSE 1017-2009 standard, Performance Requirements
for Temperature Actuated Mixing Valves for Hot Water Distribution Systems, which
addresses MMV performance. The standard ensures that valves are designed to
provide a relatively uniform mixed hot water temperature to the distribution system. The
standard allows for an allowable level of temperature fluctuation based on the rated
maximum flow rate (ASSE Scald Awareness Task Group 2017). The prescriptive
requirement does not exclude any ASSE 1017 certified MMV.

6.1.5 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. This section presents how the proposed changes could
impact various market actors.

The compliance verification activities related to this measure that need to occur during
each phase of the project are described below:

e Design Phase:

o The licensed engineer of record for the plumbing design (plumbing
designer) specifies the MMV product and shall indicate water mixing
parameters such as the hot water supply temperature, mixed outlet and
return temperature, and recirculation flow rate to quantify the water mix
ratio required to ensure the specified MMV does not exceed the mixing
capability of the valve.

o The documentation of this information would be new information being
added to the construction documents as this information is not currently
included.
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o The plumbing designer helps complete LMCC or NRCC compliance
documents.

e Permit Application Phase:

o Energy consultants enters the appropriate MMV type in the compliance
software if taking the performance approach, and the information is
submitted as part of the application package.

o The energy consultant attests to the accuracy of the energy compliance
documentation.

o The plan checker would review the energy compliance documentation and
design drawings to ensure compliance.

o Added work for the energy consultant including new energy compliance
forms, LMCC or NRCC, and new fields in existing energy compliance
forms.

e Construction Phase:

o Moderate compliance or enforcement changes are anticipated as
contractors currently install MMVs regularly, but not always based on
manufacturer’s requirements.

o For digital MMVs, contractors would need to follow design documents and
coordinate with manufacturer’s representatives to ensure proper
installation as well as programming and start-up. Certificate of Installation
documents, LMCI/NRCI, would be completed by the installation
contractor.

¢ Inspection Phase:

o Certificate of installation documents, LMCI/NRCI, would be completed by
the installation contractor.

o Building inspector check list needs to be updated to verify LMCI/NRCI
compliance documents.

Overall, the compliance and enforcement process of installing MMVs measure would
have some changes. The design phase would select the appropriate MMVs to meet the
building requirements. If additional compliance credits are being sought, additional
compliance documentation would be needed. LMCC/NRCC would be completed by the
contractor. Energy consultants would coordinate with the plumbing designer to properly
complete compliance documents and reflect correct calculations. Compliance document
versions would be updated using LMCC/NRCC suite.
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6.2 Market Analysis

6.2.1 Current 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, CEC 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 a public stakeholder meeting that
the Statewide CASE Team held on February 17, 2023.

The Statewide CASE Team interviewed five plumbing designers and one general
contractor with a set of MMV-related questions and conducted plans review of 45
buildings. Currently, the specification and installation of mixing valves is considered
good engineering practice. Designers are specifying and contractors are installing
MMVs in the maijority of the DHW systems that the Statewide CASE Team has
reviewed. MMVs, when specified, are done so by the plumbing designer. The plumbing
contractor is responsible for the installation of the valve.

6.2.2 Technical Feasibility and Market Availability
6.2.2.1 Technical Feasibility

Based on the lab testing results in Section 6.2.2.4, the installation of MMVs results in a
nominal 10 percent energy savings over not installing one in a HPWH system and
distribution system that mimics a building with 44-dwelling units.

MMVs are already being specified and installed in the majority of central DHW systems,
based on 45 new building project drawings the Statewide CASE Team reviewed. The
use of MMVs provides more consistent DHW temperature, while balancing the need for
proper pathogen mitigation and mitigating scalding risks.

Mechanical MMVs are less complex in their design and generally are lower cost to
install than digital valves. Digital MMVs handle the dynamic nature of variable flow water
draws at the point of use, and they have additional monitoring, remote adjustment, and
other controls built in; reduce maintenance costs; reduce pressure loss and better
handle pressure fluctuations and have energy savings benefits even over mechanical
MMVs. There are, however, some barriers to the installation of MMVs.

Mechanical valves were originally designed to mix hot and cold water with a greater than
20°F temperature difference between the hot inlet and mixed outlet. Many mechanical
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valves are not designed or rated for operation of variable water draw distribution systems
with recirculation loops. Mechanical MMV regulate heater outlet water temperature less
accurately and have a slower response that is impacted more by pressure fluctuations.
Additionally, mitigating temperature creep during periods of no water draws requires a
custom design with two balancing valves if constructed in the field or if it is a significantly
more expensive MMV station purchased directly from the manufacturer.

Digital MMVs are more expensive than single mechanical MMVs without temperature
creep mitigation, and they are comparable in cost to a high-low type mechanical valve
or mixing stations with temperature creep mitigation. Digital MMV utilize sensors and
wiring that can malfunction and need to be repaired or replaced. As well, they require
power where a mechanical valve does not.

The Statewide CASE Team believes that this 25 percent energy savings from the digital
MMV versus mechanical MMV in a high-rise building from the Canadian study (Ali
Rahmatmand et al. 2019) is on the high side and limited laboratory testing at PG&E
ATS laboratory has shown savings in the 1 to 4 percent range.

6.2.2.2 Market Availability

Current Market by Hot Water System Type

Based on the review of 45 new building project drawings in California, the MMV
distribution by hot water system type in the current market is:

e 18 MF buildings with central MMV at heating plant (82 percent)

e 2 Central heating plants with MMV at dwelling unit (9 percent)

e 2 Central heating plants with no MMV (9 percent)

e Others with individual WH per DU and no recirculation or MMV or unknown (not

considered in this measure)

Based on the project data reviewed, 18 percent of centralized systems do not use MMV
at the outlet of the heating plant and either mix downstream, at the dwelling unit, or not
at all. In addition, 82 percent of the buildings have central MMV at heating plant.

Current Market by MMV Type
The Statewide CASE Team further classified the project data with central MMV at
heating plant based on the MMV type:
e 16 Mechanical MMV (89 percent)
o Paraffin
o Bi-metal High-Low
o Bellows
o Unknown

e 2 Digital MMV (11 percent)
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Among the mechanical MMV, the Paraffin or Bi-meal High-Low are the most popular,
found in nine and five buildings, respectively. Factory built mixing stations were found in
two mechanical and one digital MMV specification. These systems are directly mounted
onto Unistrut and would require extensive custom pipe insulation to reduce heat loss.
Both projects with mechanical MMV stations specified on the plans integrated balancing
valves in the apparatus built in the factory to prevent temperature creep. Six projects
specified MMV products from two manufacturers that show balancing valves in
recirculation piping diagrams in the documentation. The designers of the six projects did
not include any written requirements in the plans to follow manufacturers recirculation
piping diagrams or show balancing valves in the mixing valve drawings to indicate that a
temperature mitigation system should be installed. Eight projects specified MMV
products from four manufacturers that did not show balancing valves in their
recirculation loop sketches. In total, from the 16 central heating plant projects with
recirculation and mechanical MMV specified, 8 either specified MMV products with built
in temperature creep mitigation or specified MMV products where manufacturers
diagrams required it. As the Statewide CASE Team proposes to mandate MMV in
combination with low heat loss distribution systems, it is important to build in
temperature creep mitigation as a requirement, since there is market availability and
design guidance already available from manufacturers. Including temperature creep
mitigation would ensure designers include this feature in their MMV requirements,
provide drawings in and/or reference manufacturers drawings, and provide directions
how to commission the balancing valve and MMV correctly.

Current Market by Single or Parallel MMV Design Specification

Designers for nine projects reviewed with mechanical MMVs specified multiple MMVs in
parallel for better mixing for DHW systems serving an average of 140 dwelling units.
Designers of six smaller buildings with single mechanical MMV units specified served
an average of 73 dwelling units. These parallel valve setups are commonly factory built
with parallel piping connecting two to four MMV units with common inlets and mixed
outlet piping.

6.2.2.3 Designer Interview Results

The Statewide CASE Team conducted designer interviews, with questions involving all
DHW multifamily measures. Table 154 shows the results of five designer interviews and
rankings of factors that influence MMV specification. Three large multifamily building
designers commented that they only specify digital MMV.
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Table 154: Designer Interview Results

Ranking of factors that influence MMV specification Average of 5 Designers

Reliability High
Regulate the heater outlet water temp. more accurately High
MMV promotes load shifting by storing water at higher temps High
MM\_I reduces the use of ER or NG supplemental heating by High
storing water at elevated temps

Pathogen mitigation Medium/High
Minimum inlet to outlet temp. differential Medium/High
Increased storage energy capacity with the aid of MMV to .
reduce storage volume needs SERIYT
Scalding mitigation Medium
Pressure loss rating Medium
Zero demand temperature creep mitigation Medium
Cost Medium/Low

6.2.2.4 MMV Lab testing

PG&E’s ATS completed lab testing where heat pump-based DHW systems mimicked
real-world operation in multifamily buildings with a 120°F mixed hot water outlet, 110°F
recirculation return water temperature, and insulated distribution system at average
distribution loop heat loss rates of 100 watts per dwelling unit. Four heat pump heating
plant types were tested in the first batch of tests in 2022, including single-pass and multi-
pass heat pumps with recirculation loop returning to the primary tank and single-pass
systems with series and parallel temperature maintenance systems. The 24-hour
application testing in an indoor and outdoor test chamber using a real-world sized
heating plant, a distribution supply and return system that mimics the pipe heat loss of a
representatively sized building, and a medium or average water draw profile to represent
the use at the dwelling units provided energy use results for the hot water system:

e With no MMV
o With digital MMV

Additional testing of MMVs at ATS was completed in March 2023 in the single-pass HP
return to primary storage tank configuration to mimic a well-insulated distribution system
at low distribution loop heat loss rates of 50 watts per dwelling unit and 120°F
recirculation loop return temperature to comply with pathogen mitigation requirements:

e With no MMV

e With single mechanical MMV

e With high/low mechanical MMV
e With digital MMV.

2025 Title 24, Part 6 Final CASE Report — Multifamily Domestic Hot Water | 179



The MMV mixed outlet temperature setpoints were adjusted in the range of 122°F to
125°F to meet the mixing capabilities of the specific MMV. The digital MMV had no
issues with mixing accurately with a 2°F temperature drop from the mixing valve outlet
to recirculation return location at the pump. The high/low mechanical MMV could
achieve adequate mixing with a 5°F temperature drop. The single mechanical valve was
not able to meet the test requirements to maintain a minimum 120°F mixed outlet or
return temperature during application testing and test data was omitted from the
preliminary test results provided in Appendix Q. This testing is more representative
design industry trends, based energy code on updates to reduce pipe heat loss and
ASHRAE Standard 188 and Guideline 12 on reducing the risk of legionella (ASHRAE
2023). The purpose of this additional testing is to better demonstrate the performance
variation between MMV technologies with distribution systems operating at higher
recirculation flow rates with lower temperature drop between the supply and return
piping.

Overall, while testing was limited, the test results are valuable and provided insight into
the impact of MMV

e Preliminary average electricity savings of 10.5 percent from using a mechanical
or digital MMV versus no MMV and mimicking mixing at the dwelling unit.

e Digital and high/low mechanical MMV were able to maintain a nominal 120°F
outlet temperature during draws.

e Single mechanical MMV was not able to maintain a nominal 120°F outlet
temperature during draws.

6.2.3 Market Impacts and Economic Assessments

6.2.3.1 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 2025 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
to remain compliant with changes to design practices and building codes.

California’s construction industry comprises approximately 93,000 business
establishments and 943,000 employees (see Table 155). For 2022, total estimated
payroll would be about $78 billion. Nearly 72,000 of these business establishments and
473,000 employees are engaged in the residential building sector, while another 17,600
establishments and 369,000 employees focus on the commercial sector. The remainder
of establishments and employees work in industrial, utilities, infrastructure, and other
heavy construction roles (the industrial sector).
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Table 155: California Construction Industry, Establishments, Employment, and
Payroll in 2022 (Estimated)

Annual
Payroll
(Billions

Building Type |Construction Sectors Establishments | Employment

Residential All 71,889 472,974 31.2
Residential Building Construction Contractors 27,948 130,580 9.8
Residential Foundation, Structure, & Building Exterior 7,891 83,575 5.0
Residential Building Equipment Contractors 18,108 125,559 8.5
Residential Building Finishing Contractors 17,942 133,260 8.0
Commercial All 17,621 368,810 35.0
Commercial Building Construction Contractors 4,919 83,028 9.0
Commercial Foundation, Structure, & Building Exterior 2,194 59,110 5.0
Commercial Building Equipment Contractors 6,039 139,442 13.5
Commercial Building Finishing Contractors 4,469 87,230 7.4
Industrial, Utilities,

Infrastructure, &  All 4,206 101,002 11.4
Other (Industrial+)

Industrial+ Building Construction 288 3,995 0.4
Industrial+ Utility System Construction 1,761 50,126 5.5
Industrial+ Land Subdivision 907 6,550 1.0
Industrial+ Highway, Street, and Bridge Construction 799 28,726 3.1
Industrial+ Other Heavy Construction 451 11,605 14

Source: (State of California n.d.)

The proposed change to require mixing valves would likely affect residential builders but
would not impact firms that focus on construction and retrofit of industrial buildings,
utility systems, public infrastructure, or other heavy construction. The effects on the
residential and commercial building industry would not be felt by all firms and workers,
but rather would be concentrated in specific industry subsectors. Table 156 shows the
residential building subsectors the Statewide CASE Team expects to be impacted by
the changes proposed in this report. Requiring mixing valves for multifamily buildings
would likely impact several subsectors as noted below, due to there being no current
requirement to install them. The Statewide CASE Team’s estimates of the magnitude of
these impacts are shown in Section 6.2.3.
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Table 156: Specific Subsectors of the California Residential Building Industry by
Subsector in 2022 (Estimated)

Residential Building Subsector Establishments | Employment ALIED eV
(B|II|ons $)

New multifamily general contractors 6,344

New housing for-sale builders 189 3,969 0.5
53:;?:(;21 plumbing and HVAC 9.852 75.404 5 1
Other Residential Equipment Contractors 399 1,789 0.1
Residential Drywall Contractors 1,901 32,631 2.0
Residential Painting Contractors 4,869 26,402 1.3

Source: (State of California n.d.)

6.2.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with changing building codes is within the normal
practices of building designers. Building codes (including Title 24, Part 6) 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.

Plumbing designers have been specifying MMVs regularly in their designs. Making
mechanical MMV a prescriptive requirement in designs simply reinforces the concept
that the installation of MMV does save energy in multifamily DHW systems and
hopefully moves the market to even more effective mixing valves such as digital MMVs.

Businesses that focus on residential, commercial, institutional, and industrial building
design are contained within the Architectural Services sector (NAICS 541310). Table
157 shows the number of establishments, employment, and total annual payroll for
Building Architectural Services. The proposed code changes would potentially impact all
firms within the Architectural Services sector. The Statewide CASE Team anticipates
the impacts for requiring mixing valves to affect firms that focus on multifamily
construction.

There is not a NAICS® code specific to 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

57 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.
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engaged in the physical inspection of residential and nonresidential buildings.%8 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 157 provides an upper bound indication of the size of this sector in California.

Table 157: California Building Designer and Energy Consultant Sectors in 2022
(Estimated)

. Annual Payroll

Architectural Services 2 4,134 31,478 3,623.3
Building Inspection Services ® 1,035 3,567 280.7
Source: (State of California 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.

6.2.3.3 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
DOSH. 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.

6.2.3.4 Impact on Building Owners and Occupants Including Homeowners
and Potential First-Time Homeowners

Residential Buildings

According to data from the U.S. Census ACS, there were more than 14.5 million
housing units in California in 2021 and nearly 13.3 million were occupied (see Table
158). Most housing units (nearly 9.42 million) were single family homes (either detached
or attached), approximately 2 million homes were in buildings containing two to nine

58 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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units, and 2.5 million homes were in multifamily buildings containing 10 or more units.
The California Department of Revenue estimated that building permits for 67,300 single
family and 54,900 multifamily homes would be issued in 2022, up from 66,000 single
family and 53,500 multifamily permits issued in 2021.

Table 158: California Housing Characteristics in 20212

Housing Measure Estimate |

Total housing units 14,512,281
Occupied housing units 13,291,541
Vacant housing units 1,220,740
Homeowner vacancy rate 0.7%
Rental vacancy rate 4.3%
Number of 1-unit, detached structures 8,388,099
Number of 1-unit, attached structures 1,030,372
Number of 2-unit structures 348,295
Number of 3- or 4-unit structures 783,663
Number of 5- to 9-unit structures 856,225
Number of 10- to 19-unit structures 740,126
Number of 20+ unit structures 1,828,547
Mobile home, RV, etc. 522,442

Sources: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) n.d.)

a. Total housing units as reported for 2021; all other housing measures estimated based on historical

relationships.

Table 159 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 maijority 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 (Kenney 2019).

Table 159: Distribution of California Housing by Vintage in 2021 (Estimated)

Home Vintage mw Cumulative Percent

Built 2014 or later
Built 2010 to 2013
Built 2000 to 2009
Built 1990 to 1999
Built 1980 to 1989
Built 1970 to 1979
Built 1960 to 1969

348,296

261,221
1,581,839
1,596,351
2,191,354
2,539,649
1,915,621

1.8
10.9
11.0
15.1
17.5
13.2

4.2
15.1
26.1
41.2
58.7
71.9
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Built 1950 to 1959 1,930,133 13.3 85.2

Built 1940 to 1949 841,712 5.8 91.0
Built 1939 or earlier 1,306,105 9.0 100.0
Total housing units 14,512,281 100.0 -

Sources: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) n.d.)

Table 160 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 an income below $50,000 is only 37 percent, whereas the
owner occupancy rate is 71 percent for households earning $100,000 or more.

Table 160: Owner- and Renter-Occupied Housing Units in California by Income in
2021 (Estimated)

Household Income Owner Occupied |Renter Occupied

Less than $5,000 353,493 113,315 240,178
$5,000 to $9,999 254,304 74,939 179,366
$10,000 to $14,999 495,287 134,633 360,654
$15,000 to $19,999 412,498 144,064 268,435
$20,000 to $24,999 467,694 169,431 298,264
$25,000 to $34,999 906,996 355,968 551,028
$35,000 to $49,999 1,319,892 560,453 759,438
$50,000 to $74,999 2,036,560 990,769 1,045,791
$75,000 to $99,999 1,662,032 920,607 741,425
$100,000 to $149,999 2,307,889 1,490,247 817,642
$150,000 or more 3,074,895 2,337,651 737,244
Total Housing Units 13,291,541 7,292,076 5,999,465

Source: (United States Census Bureau n.d.), (Federal Reserve Economic Data (FRED) 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 158 and Table 159 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 160.
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Estimating Impacts

For California residents, the proposed code changes would result in lower energy bills.
The Statewide CASE Team estimates that on average the proposed change to Title 24,
Part 6 would increase construction cost by about $91 per dwelling unit, but the measure
would also result in a savings of $555 in energy and maintenance cost savings over 30
years, assuming an 80/20 split between gas DWH and HPWH. This is roughly
equivalent to a $0.19 per month increase in payments for a 30-year mortgage and a
$1.54 per month reduction in energy costs. Overall, the Statewide CASE Team expects
the 2025 Title 24, Part 6 Standards to save homeowners about $16 per year relative to
homeowners whose dwelling units that are minimally compliant with the 2022 Title 24,
Part 6 requirements. As discussed in Section 6.2.4, 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).

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

While it is not a code requirement for mixing valves to be included in engineering design
for DHW systems with recirculation, it is also not unusual to see. The Statewide CASE
Team expects a modest increase in mixing valves installed in DHW systems. As such,
there would be additional demand on retailers.

6.2.3.6 Impact on Building Inspectors

Table 161 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 education and 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.
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Table 161: Employment in California State and Government Agencies with
Building Inspectors in 2022 (Estimated)

Annual Payroll

Administration of Housing  State 29.0
Programs® Local 38 3,060 248.6
Urban and Rural State 38 764 71.3
Development Admin® Local 52 2,481 211.5

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.

6.2.3.7 Impact on Statewide Employment

As described in Sections 6.2.3.1 through 6.2.3.6, the Statewide CASE Team does not
anticipate significant employment or financial impacts to any 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 6.2.4, the Statewide CASE Team estimated the
proposed change requiring mixing valves 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 requiring mixing
valves would lead to modest ongoing financial savings for California residents, which
would then be available for other economic activities.

6.2.4 Economic Impacts

For the 2025 code cycle, the Statewide CASE Team used the IMPLAN model
software®®, along with economic information from published sources, and professional
judgement to develop estimates of the economic impacts associated with each of the
proposed code changes. Conceptually, IMPLAN estimates jobs created as a function of
incoming cash flow in different sectors of the economy, due to implementing a code or a
standard. The jobs created are typically categorized into direct, indirect, and induced
employment. For example, cash flow into a manufacturing plant captures direct
employment (jobs created in the manufacturing plant), indirect employment (jobs
created in the sectors that provide raw materials to the manufacturing plant) and

5 IMPLAN employs economic data and advanced economic impact modeling to estimate economic
impacts for interventions like changes to the California Title 24, Part 6 code. For more information on the
IMPLAN modeling process, see www.IMPLAN.com.
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induced employment (jobs created in the larger economy due to purchasing habits of
people newly employed in the manufacturing plant). Eventually, IMPLAN computes the
total number of jobs created due to a code. The assumptions of IMPLAN include
constant returns to scale, fixed input structure, industry homogeneity, no supply
constraints, fixed technology, and constant byproduct coefficients. The model is also
static in nature and is a simplification of how jobs are created in the macro-economy.

The economic impacts developed for this report are only estimates and are based on
limited and to some extent speculative information. The IMPLAN model provides a
relatively simple representation of the California economy and, though the Statewide
CASE Team is confident that the 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 economic impacts presented below represent
lower bound estimates of the actual benefits 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, 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
nonresidential 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 and would have measurable economic impacts.

The Statewide CASE Team anticipates no direct effect on designers or energy
consultants nor any impact on building inspectors, so the values in Table 163 and Table
164 are zeroed out to indicate this condition.

60 For example, for the lowest income group, the Statewide CASE Team assumes 100 percent of money
saved through lower energy bills would be spent, while for the highest income group, the Statewide CASE
Team assumes only 64 percent of additional income would be spent.
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Table 162: Estimated Impact that Adoption of the Proposed Measure would have
on the California Residential Construction

Tvoe of Economic Impact Employment| Labor Income Total Value Output
yp P (Jobs) (Million) | Added (Million)  (Million)

Direct Effects (Additional

spending by Residential 6.7 $529,844 $1,810,655 $2,208,160
Builders)

Indirect Effect (Additional

spending by firms supporting 2.1 $156,185 $254,382  $438,693

Residential Builders)
Induced Effect (Spending by

employees of firms experiencing 2.5 $169,643 $303,719  $483,406
“direct” or “indirect” effects)
Total Economic Impacts 11.2 $855,672 $2,368,757 | $3,130,258

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.®

Table 163: Estimated Impact that Adoption of the Proposed Measure would have
on the California Building Designers and Energy Consultants Sectors

Type of Economic Impact el Intilx; Uiz et (I
(Jobs) (Million) Added (Million) | (Million)

Direct Effects (Additional spending
by Building Designers & Energy ) $83,242 $82,408| $130,254
Consultants)

Indirect Effect (Additional spending
by firms supporting Bldg. 0.3 $24,785 $34,446  $55,452
Designers & Energy Consultants)

Induced Effect (Spending by

employees of firms experiencing 0.5 $31,063 $55,627  $88,538
“direct” or “indirect” effects)
Total Economic Impacts 1.5 $139,089 $172,481 $274,244

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.

61 IMPLAN® model, 2020 Data, IMPLAN Group LLC, IMPLAN System (data and software), 16905
Northcross Dr., Suite 120, Huntersville, NC 28078 www.IMPLAN.com
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Table 164: Estimated Impact that Adoption of the Proposed Measure would have
on California Building Inspectors

Tvpe of Economic Impact Employment | Labor Income Total Value Output
yp P (Jobs) (Million)| Added (Million)|  (Million)

Direct Effects (Additional

spending by Building Inspectors) $13,998 $16.600 $20,173

Indirect Effect (Additional
spending by firms supporting 0.0 $1,296 $2,019 $3,517
Building Inspectors)

Induced Effect (Spending by

employees of Building Inspection 0.1 $4,403 $7,887 $12,554
Bureaus and Departments)
Total Economic Impacts 0.2 $19,698 $26,507 $36,243

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.

6.2.4.1 Creation or Elimination of Jobs

The Statewide CASE Team does not anticipate that the measures proposed for the
2025 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 6.2.4 would
lead to modest changes in employment of existing jobs.

6.2.4.2 Creation or Elimination of Businesses in California

As stated in Section 6.2.4, 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 engineering design and piping installation 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.

6.2.4.3 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.6? Therefore,
the Statewide CASE Team does not anticipate that these measures proposed for the
2025 code cycle regulation would have an adverse effect on the competitiveness of

62 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.
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California businesses. Likewise, the Statewide CASE Team does not anticipate
businesses located outside of California would be advantaged or disadvantaged.

6.2.4.4 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).%3 As Table 165 shows, between 2017 and 2021, NPDI
as a percentage of corporate profits ranged from a low of 18 in 2020 due to the
worldwide economic slowdowns associated with the COVID 19 pandemic to a high of
35 percent in 2019, with an average of 26 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 165: Net Domestic Private Investment and Corporate Profits, U.S.

- Net Domestic Private| Corporate Profits Ratio of Net Private
Year Investment by Businesses, After Taxes, | Investment to Corporate
Billions of Dollars | Billions of Dollars Profits (Percent)
2017 518.473 1882.460
2018 636.846 1977.478 32
2019 690.865 1952.432 35
2020 343.620 1908.433 18
2021 506.331 2619.977 19
5-Year Average - - 26

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

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, directly or indirectly, in any affected sectors of California’s economy.
Nevertheless, the Statewide CASE Team can derive a reasonable estimate of the
change in investment by California businesses based on the estimated change in
economic activity associated with the proposed measure and its expected effect on
proprietor income, which the Statewide CASE Team uses a conservative estimate of
corporate profits, a portion of which the Statewide CASE Team assumes would be
allocated to net business investment.%

63 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.

64 26 percent of proprietor income was assumed to be allocated to net business investment; see Table
165.
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6.2.4.5 Incentives for Innovation in Products, Materials, or Processes

There are many mixing valves currently on the market that are specified for DHW
master mixing in recirculation systems. The Statewide CASE Team does not expect the
proposed code change would greatly incentivize for innovation. The only area where the
MMV proposed measure requirements may have an impact to incentivize innovation is
to ensure MMV are installed and commissioned appropriately. There are installation and
commissioning cost savings that are inherent to digital MMVs versus mechanical MMVs
or downstream mixing valves at the dwelling unit.

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

The Statewide CASE Team does not expect the proposed code change would 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.

Cost to Local Governments: All proposed code changes 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 2025 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
6.1.5 and Appendix E, 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.

6.2.4.7 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 change may result in unintended consequences. Refer to Section 6.6 for
more details addressing energy equity and environmental justice.

6.2.5 Fiscal Impacts

6.2.5.1 Mandates on Local Agencies or School Districts

There are no relevant mandates to school districts, because this only impacts
multifamily buildings. There are also no mandates for local agencies because the
requirements would be specified at the statewide level through Title 24, Part 6.

6.2.5.2 Costs to Local Agencies or School Districts

There are no costs to school districts, because this only impacts multifamily buildings.
For local agencies, the Statewide CASE Team does not anticipate any increase in work
for building inspectors.

6.2.5.3 Costs or Savings to Any State Agency

There are no costs or savings to state agencies because they would not be involved in
enforcement of the measure.

6.2.5.4 Other Non-Discretionary Cost or Savings Imposed on Local
Agencies

There are no added non-discretionary costs or savings to local agencies.

6.2.5.5 Costs or Savings in Federal Funding to the State

There are no costs or savings to federal funding to the state due to the measure. The
proposed measure is a relatively small cost which the market would bear. The state
would not require federal funding to implement the proposed measure.

6.3 Energy Savings
6.3.1 Energy Savings Methodology

The Statewide CASE Team developed energy savings for this measure on a per-
dwelling unit basis from results from lab testing at PG&E ATS. The DHW system testing
involved operating a HP-based hot water system in various configurations including with
no MMV, mechanical MMV, and digital MMV to test up to four main heating plant
designs (Section 6.2.2.4) with distribution systems and draw stations that mimic hot
water draws for a 44-dwelling unit building using a medium draw profile. The Statewide
CASE Team used the lab testing results to estimate heating plant energy saving
percentages for the various configurations and extrapolated the energy savings for all
prototypes and other heating plant types. Since simulation software assumes perfect
mixing, the Statewide CASE Team estimated energy use with digital MMV in all sixteen
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climate zones using the 2025-0.3 Research Version of the CBECC software (California
Energy Commission n.d.). The Statewide CASE Team then postprocessed the data
using MMV lab testing data to account for the additional energy use changing from
digital to mechanical MMV. For the base case, the Statewide CASE Team used the post
processed energy saving results from lab testing for each heating plant to account for
the additional energy use changing from digital to no MMV.

6.3.1.1 Key Assumptions for Energy Savings Analysis

The Statewide CASE Team used percentages of the different types of MMVs in their
energy analysis for buildings, as shown in Table 166 below.

Table 166: MMV Assumptions

Prescriptive MMV No MMV Digital MMV

For the proposed prescriptive measure, the base case for buildings with centralized
distribution systems is no MMV, and the proposed case is Digital MMV. The Statewide
CASE Team completed post processing to measure energy savings per dwelling unit.
For HPWH systems, the Statewide CASE Team used 10.5 percent energy savings with
the use of a MMV (from lab testing) in the proposed case versus no MMV in the base
case for all building prototypes and heating plant configurations. For gas-fired HWS, the
Statewide CASE Team used a 3 percent energy savings with the use of a MMV. The
gas energy savings was extrapolated from using lab testing results and references gas
water heater efficiency versus water return temperature plots to determine the operating
efficiency of the gas-fired hot water system, distribution system heat loss, and total
energy use with and without mixing valves.

6.3.1.2 Energy Savings Methodology per Prototypical Building

The CEC directed the Statewide CASE Team to assess the energy impacts of proposed
code change for four prototypical multifamily buildings, as shown in Table 167. First,
savings are calculated by fuel type. Electricity savings are measured in terms of both
energy usage and peak demand reduction. Natural gas savings are quantified in terms
of energy usage. The Statewide CASE Team calculated annual site energy
consumption for DHW plant by summing the hourly DHW plant energy consumption.
The team calculated first-year site energy savings (Therms/yr for natural gas systems
and kWh/yr for HPWH systems) of the proposed code change as the difference in
annual site energy consumption between the proposed and base cases.

The annual peak electricity demand (kW) was calculated based on weighted average
hourly kWh consumption during grid peak hours. Both peak hours and corresponding
weighting factors are provided by the CEC. Annual peak reduction (kW) of the proposed
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code change was calculated as the difference in annual peak electricity demand
between the proposed and base cases.

Second, the Statewide CASE Team calculated Source Energy Savings. Source Energy
represents the total amount of raw fuel required to operate a building. In addition to all
energy used from on-site production, source energy incorporates all transmission,
delivery, and production losses. The Statewide CASE Team calculated source energy
use in kilo British thermal units per year (kBtu/yr) by applying source energy factors to
hourly DHW plant energy consumption and summing the hourly results for the whole
year. Source Energy Savings is calculated as the difference in source energy use
between the proposed and base cases.

The hourly source energy values provided by the CEC are strongly correlated with GHG
emissions.®® The Statewide CASE Team calculated GHG emissions (metric tons of
carbon dioxide emissions equivalent) by applying hourly GHG emissions factors to
hourly DHW plant energy consumption and summing the hourly results for the whole
year. GHG emissions reduction is calculated as the difference in GHG emissions
between the proposed and base cases.

Finally, the Statewide CASE Team calculated LSC Savings, formerly known as TDV
energy cost savings. LSC Savings are calculated using hourly LSC factors for both
electricity and natural gas provided by the CEC. These LSCLSC hourly factors are
projected over the 30-year life of the building and incorporate the hourly cost of marginal
generation, transmission and distribution, fuel, capacity, losses, and cap-and-trade-
based CO2 emissions.'? The Statewide CASE Team applied 2025 LSC hourly factors to
hourly DHW plant energy consumption and summed up hourly results for the whole
year to obtain LSC in 2026 PV$. LSC Savings are the difference in LSC between the
proposed and base cases.

65 See hourly factors for source energy, LSC, and GHG emissions at
https://www.energy.ca.gov/files/2025-energy-code-hourly-factors
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Table 167: Prototype Buildings Used for Energy, Demand, Cost, and
Environmental Impacts Analysis

Number | Floor Area

Prototype

Name Description

8-unit apartment building. Gas fired and HPWH central DHW
heater serving a central recirculation loop. Water heater is
LowRise ° 7 680 located on one end the of building at the ground level.
Garden ’ Distribution piping runs horizontally in ceiling of ground floor,
vertically up four risers, and it returns in the ceiling of the
second floor.%¢

36-unit apartment building. Gas fired and HPWH central
DHW heater serving a central recirculation loop. Water
Loaded heater is located in a mechanical room at the ground level.
. 3 40,000 PR . . ) o
Corridor Distribution piping runs horizontally in ceiling of ground floor,
vertically up 13 risers, and it returns in the ceiling of the third
floor.

(4-story residential, 1-story commercial), 88-unit building.
Gas fired and HPWH central DHW heater serving dwelling
units from a central recirculation loop. Water heater is

5 113,100 located in a mechanical room at the ground level
(commercial level). Distribution piping runs horizontally in
ceiling of second floor (first residential level), vertically up 22
risers, and it returns in the ceiling of the fifth floor

MidRise
MixedUse

10-story (9-story residential, 1-story commercial), Gas fired
and HPWH central DHW heater serving dwelling units from
a central recirculation loop. Water heater is located on the

10 125,400 | roof. Distribution piping runs horizontally in ceiling of top
floor, vertically down 26 risers. There are two pressure
zones divided vertically, each with horizontal supply and
return piping.

HighRise
MixedUse

There are no existing requirements in Title 24, Part 6 that cover the DHW distribution
and heating plant system. The Statewide CASE Team modified the Standard Design to
calculate energy impacts of the most common current design practice, or industry
standard practice.

The Statewide CASE Team 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 2025 LSC hourly factors to calculate LSC in 2026 PV$,
source energy factors to calculate source energy use in kilo British thermal units per

66 This DHW Distribution CASE topic and the Central HPWH CASE topic are analyzing a central system
in the Low-Rise Garden prototype. The Low-Rise Garden prototype for other CASE topics assumes
individual water heaters for each dwelling unit.
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year (kBtu/yr), and hourly GHG emissions factors to calculate annual GHG emissions
(metric tons of carbon dioxide emissions equivalent).

The energy impacts of the proposed code change do not vary by climate zone. The lab
testing estimates the heating plant energy savings per dwelling unit, which the
Statewide CASE Team assumed to be the same across all climate zones. Since
savings do not vary by climate zone, the Statewide CASE Team used the statewide
average LSC hourly factors when calculating energy and energy cost impacts.

Per-unit energy impacts for multifamily buildings are presented in savings per residential
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. This step enables a calculation of statewide savings using the
construction forecast that is published in terms of number of multifamily dwelling units
by climate zone.

6.3.1.3 Statewide Energy Savings Methodology

The per-unit energy impacts were extrapolated to statewide impacts using the
Statewide Construction Forecasts that the CEC provided. The Statewide Construction
Forecasts estimate new construction/additions that would occur in 2026, the first year
that the 2025 Title 24, Part 6 requirements are in effect. They also estimate the amount
of total existing building stock in 2026, which the Statewide CASE Team used to
approximate savings from building alterations. The construction forecast provides
construction (new construction/additions and existing building stock) by building type
and climate zone, as shown in Appendix A.

Appendix A presents additional information about the methodology and assumptions
used to calculate statewide energy impacts.

6.3.2 Per-Unit Energy Impacts Results

Energy savings and peak demand reductions per unit are presented in Table 168
through Table 174. The per-unit energy savings figures do not account for naturally
occurring market adoption or compliance rates.

For Prescriptive HPWH Master Mixing Valve LowRiseGarden, per-unit annual savings
are expected to range from 91 to 141 kWh/unit depending upon climate zones. There is
no per-unit natural gas savings. Demand reductions are expected to range between 41
kW and 60 kW depending on the climate zone.

For Prescriptive HPWH Master Mixing Valve LoadedCorridor, per-unit annual savings
are expected to range from 70 to 118 kWh/unit depending upon climate zones. There is
no per-unit natural gas savings. Demand reductions are expected to range between 45
kW and 63 kW depending on the climate zone.
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For Prescriptive HPWH Master Mixing Valve MidRiseMixedUse, per-unit annual savings
are expected to range from 85 to 167 kWh/unit depending upon climate zones. There is
no per-unit natural gas savings. Demand reductions are expected to range between 62
kW and 79 kW depending on the climate zone.

For Prescriptive HPWH Master Mixing Valve HighRiseMixedUse, per-unit annual
savings are expected to range from 60 to 128 kWh/unit depending upon climate zones.
There is no per-unit natural gas savings. Demand reductions are expected to range
between 49 kW and 66 kW depending on the climate zone.

For Prescriptive Gas Master Mixing Valve LowRiseGarden, there is no per-unit
electricity savings. The per-unit annual natural gas savings are expected to range from
496 to 1004 kWh/unit. There are no demand reductions.

For Prescriptive Gas Master Mixing Valve LoadedCorridor, there is no per-unit electricity
savings. The per-unit annual natural gas savings are expected to range from 223 to
1044 kWh/unit. There are no demand reductions.

For Prescriptive Gas Master Mixing Valve MidRiseMixedUse, there is no per-unit
electricity savings. The per-unit annual natural gas savings are expected to range from
930 to 1411 kWh/unit. There are no demand reductions.

For Prescriptive Gas Master Mixing Valve HighRiseMixedUse, there is no per-unit
electricity savings. The per-unit annual natural gas savings are expected to range from
692 to 1078 kWh/unit. There are no demand reductions.
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Table 168: Annual EIectricity Savings (kWh) Per Dwelling Unit by Climate Zone (C2), Prescriptive HPWH - Master Mixing Valve

LowRiseGarden 140 129 126 122 126 113 112 109 110 109 114 120 111 116 141
LoadedCorridor 118 107 104 101 104 92 91 88 89 88 93 99 90 94 70 118
MidRiseMixedUse 148 132 129 125 130 114 112 109 110 108 115 122 111 118 85 167

HighRiseMixedUse 110 98 95 92 96 83 81 78 79 78 84 90 81 87 60 128

Table 169: Annual Peak Demand Reduction (kW) Per Dwelling Unit by Climate Zone (CZ), Prescriptive HPWH - Master Mixing
Valve

LowRiseGarden

LoadedCorridor 57 56 56 63 54 46 45 48 50 51 59 58 57 61 51 48
MidRiseMixedUse 70 72 72 79 71 62 62 66 68 69 76 75 75 77 68 75
HighRiseMixedUse 56 59 59 66 58 49 49 52 55 56 64 61 61 65 56 60

Table 170: Annual Source Energy Savings (kBtu) Per Dwelling Unit by Climate Zone (CZ), Prescriptive HPWH - Master Mixing
Valve

LowRiseGarden 243 229 220 220 221 196 194 193 196 195 211 217 204 216 169 251
LoadedCorridor 196 182 174 174 175 152 150 149 152 160 166 171 159 170 127 202
MidRiseMixedUse 230 210 203 201 203 178 175 172 175 173 190 198 183 198 143 289

HighRiseMixedUse 170 154 148 145 147 127 125 122 125 123 139 144 132 147 100 221

Table 171: Annual LSC Savings (2026 PV$) Per Dwelling Unit by Climate Zone (CZ), Prescriptive HPWH - Master Mixing Valve
LowRiseGarden 2,483 2,234 2,206 2,295 2,103 1,620 1,944 1,747 1,722 1,759 2,153 2,100 2,017 1,952 1,573 1,927
LoadedCorridor 2,419 2,225 2,150 2,316 2,059 1,637 1,958 1,815 1,764 1,828 2,245 2,185 2,112 2,063 1,745 1,986
MidRiseMixedUse 4,056 3,616 3,674 3,728 3,553 2,968 3,342 3,441 3,367 3,521 4,093 3,782 4,056 3,611 3,685 4,074
HighRiseMixedUse 3,188 3,078 2,917 3,204 2,826 2,545 2,751 2,873 2,875 3,006 3,496 3,172 3,456 3,203 3,653 3,210
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Table 172: Annual Natural Gas Savings (kBtu) Per Dwelling Unit by Climate Zone (CZ), Prescriptive Gas - Master Mixing Valve

LowRiseGarden 1,004 862 846 782 836 733 738 695 694
LoadedCorridor 1116 1,044 1,028 963 1,020 961 912 921 923
MidRiseMixedUse 1,411 1,310 1,293 1,251 1,300 1,181 1,167 1,139 1,149
HighRiseMixedUse 1,078 997 984 950 989 894 883 860 868

785 695 496 909

752 768 825 786 763 658 907
1,132 1,166 1,230 1,139 1,177 930 1378
854 882 933 860 891 692 1052

Table 173: Annual Source Energy Savings (kBtu) Per Dwelling Unit by Climate Zone (CZ), Prescriptive Gas - Master Mixing

Valve

LoadedCorridor 954 819 804 743 795 692 694 657
LowRiseGarden 1,030 964 949 890 942 882 834 845
MidRiseMixedUse @ 1,300 1,207 1,192 1,154 1,198 1,083| 1,066 1,044
HighRiseMixedUse 984 910 898 867 903 811 798 781

656 642 694 746 671 656 469 858
847 690 709 762 726 700 604 833
1,063 1,038 1,077 1,134 1,051 1,080 854 1,263
788 775 806 852 786 808 629 954

Table 174: Annual LSC Savings (2026 PV$) Per Dwelling Unit by Climate Zone (CZ), Prescriptive Gas - Master Mixing Valve

LowRiseGarden 1,260 1,084 1,063 986 1,049 920 929 876
LoadedCorridor 1,764 1,679 1,657 1,582 1,646 1,577 1,521 1,530
MidRiseMixedUse @ 1,840 1,679 1,634 1,604 1,634 1,447 1,427 1,399
HighRiseMixedUse 1,388 1,235 1,213 1,178 1,217 1,094 1,081 1,052

875 857 925 992 896 881 631 1,815
1,533 1,326 1,351 1,418 1,373 1,344 1,215 2,215
1,420 1,404 1,502 1,571 1,451 1,516 1,147 2,011
1,064 1,048 1,097 1,156 1,066 1,108 852 1,650
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6.4 Cost and Cost-Effectiveness

6.4.1 Energy Cost Savings Methodology

Energy cost savings were calculated by applying the LSC hourly factors to the energy
savings estimates that were derived using the methodology described in Section 6.3.1.
LSC hourly factors are 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 30-year period of analysis.

The CEC requested LSC savings over the 30-year period of analysis in both 2026 PV$
and nominal dollars. The cost-effectiveness analysis uses LSC values in 2026 PV$.
Costs and cost-effectiveness using 2026 PV$ are presented in Section 6.4.5 of this
report. The CEC uses results in nominal dollars to complete the Economic and Fiscal
Impacts Statement (From 399) for the entire package of proposed change to Title 24,
Part 6. Appendix G: Energy Cost Savings in Nominal Dollars presents LSC savings
results in nominal dollars.

This proposed code change relating to MMVs does not apply to additions and/or
alterations.

6.4.2 Energy Cost Savings Results

Per-unit energy cost savings for newly constructed buildings, in terms of LSC savings
that are realized over the 30-year period of analysis are presented 2026 PV$ in Table
175 through Table 182.

The LSC methodology allows peak electricity savings to be valued more than electricity
savings during non-peak periods.

Any time code changes impact cost, there is potential to disproportionately impact DIPs.
Refer to Section 6.6 for more details addressing energy equity and environmental
justice.
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Table 175: 2026 PV 30-year LSC Savings — Per Dwelling Table 176: 2026 PV 30-year LSC Savings — Per Dwelling

Unit — New Construction and Additions — LowRiseGarden - Unit — New Construction and Additions — LoadedCorridor -
Prescriptive HPWH - Master Mixing Valve Prescriptive HPWH - Master Mixing Valve
Climate '39-Year 'LSC 30-Year _LSC Tota! 30-Year LSC Climate _3(?-Year _LSC 30-Year !.SC Total 30-Year
Zone Electricity Savings| Gas Savings| Savings (2026 PV Zone Electricity Savings Gas Savings LSC Savings
(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
1 2483 0 2483 1 2419 0 2419
2 2234 0 2234 2 2225 0 2225
3 2206 0 2206 3 2150 0 2150
4 2295 0 2295 4 2316 0 2316
5 2103 0 2103 5 2059 0 2059
6 1620 0 1620 6 1637 0 1637
7 1944 0 1944 7 1958 0 1958
8 1747 0 1747 8 1815 0 1815
9 1722 0 1722 9 1764 0 1764
10 1759 0 1759 10 1828 0 1828
11 2153 0 2153 11 2245 0 2245
12 2100 0 2100 12 2185 0 2185
13 2017 0 2017 13 2112 0 2112
14 1952 0 1952 14 2063 0 2063
15 1573 0 1573 15 1745 0 1745
16 1927 0 1927 16 1986 0 1986
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Table 177: 2026 PV 30-year LSC Savings — Per Dwelling Table 178: 2026 PV 30-year LSC Savings — Per Dwelling

Unit — New Construction and Additions — Unit — New Construction and Additions —
MidRiseMixedUsed - Prescriptive HPWH - Master Mixing HighRiseMixedUsed - Prescriptive HPWH - Master Mixing
Valve Valve
Climate _3(_)-Year _LSC 30-Year _LSC Total 30-_Year Climate _3(_)-Year _LSC 30-Year _LSC Total 30-_Year
Zone Electricity Savings Gas Savings LSC Savings Zone Electricity Savings Gas Savings LSC Savings
(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
1 4056 0 4056 1 3188 0 3188
2 3616 0 3616 2 3078 0 3078
3 3674 0 3674 3 2917 0 2917
4 3728 0 3728 4 3204 0 3204
5 3553 0 3553 5 2826 0 2826
6 2968 0 2968 6 2545 0 2545
7 3342 0 3342 7 2751 0 2751
8 3441 0 3441 8 2873 0 2873
9 3367 0 3367 9 2875 0 2875
10 3521 0 3521 10 3006 0 3006
11 4093 0 4093 11 3496 0 3496
12 3782 0 3782 12 3172 0 3172
13 4056 0 4056 13 3456 0 3456
14 3611 0 3611 14 3203 0 3203
15 3685 0 3685 15 3653 0 3653
16 4074 0 4074 16 3210 0 3210
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Table 179: 2026 PV 30-year LSC Savings — Per Dwelling
Unit — New Construction and Additions — LowRiseGarden -
Prescriptive Gas - Master Mixing Valve

Table 180: 2026 PV 30-year LSC Savings — Per Dwelling
Unit — New Construction and Additions — LoadedCorridor -
Prescriptive Gas - Master Mixing Valve

Climate 30-Y_e'ar LSC_LSC 30-Year _LSC Total 30-_Year Climate _3(?-Year _LSC 30-Year _LSC Total 30-_Year
Zone Electricity Savings Gas Savings LSC Savings Zone Electricity Savings Gas Savings LSC Savings

(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
1 0 1260 1260 1 0 1764 1764
2 0 1084 1084 2 0 1679 1679
3 0 1063 1063 3 0 1657 1657
4 0 986 986 4 0 1582 1582
5 0 1049 1049 5 0 1646 1646
6 0 920 920 6 0 1577 1577
7 0 929 929 7 0 1521 1521
8 0 876 876 8 0 1530 1530
9 0 875 875 9 0 1533 1533
10 0 857 857 10 0 1326 1326
1 0 925 925 11 0 1351 1351
12 0 992 992 12 0 1418 1418
13 0 896 896 13 0 1373 1373
14 0 881 881 14 0 1344 1344
15 0 631 631 15 0 1215 1215
16 0 1815 1815 16 0 2215 2215
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Table 181: 2026 PV 30-year LSC Savings — Per Dwelling Table 182: 2026 PV 30-year LSC Savings — Per Dwelling

Unit — New Construction and Additions — MidRiseMixedUse Unit — New Construction and Additions —
- Prescriptive Gas - Master Mixing Valve HighRiseMixedUse - Prescriptive Gas - Master Mixing Valve
Climate '39-Year 'LSC 30-Year 'LSC Total 30-_Year Climate .3(.)-Year 'LSC 30-Year _LSC Total 30-Year
Zone Electricity Savings Gas Savings LSC Savings Zone Electricity Savings Gas Savings LSC Savings
(2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $) (2026 PV $)
1 0 1840 1840 1 0 1388 1388
2 0 1679 1679 2 0 1235 1235
3 0 1634 1634 3 0 1213 1213
4 0 1604 1604 4 0 1178 1178
5 0 1634 1634 5 0 1217 1217
6 0 1447 1447 6 0 1094 1094
7 0 1427 1427 7 0 1081 1081
8 0 1399 1399 8 0 1052 1052
9 0 1420 1420 9 0 1064 1064
10 0 1404 1404 10 0 1048 1048
11 0 1502 1502 11 0 1097 1097
12 0 1571 1571 12 0 1156 1156
13 0 1451 1451 13 0 1066 1066
14 0 1516 1516 14 0 1108 1108
15 0 1147 1147 15 0 852 852
16 0 2011 2011 16 0 1650 1650
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6.4.3 Incremental First Cost

Incremental first cost is the initial cost to adopt more efficient equipment or building
practices as compared to the cost of an equivalent baseline project. The Statewide
CASE Team considers first costs in evaluating overall measure Cost-Effectiveness.
Incremental first costs are based on data currently available, and they can change over
time as markets evolve and professionals become familiar with new technology and
building practices.

The Statewide CASE Team developed a basis of design for each prototype described in
Section 6.3.1.2 and worked with two mechanical contractors to estimate costs for each:
the basis of design and the proposed case. The mechanical contractors provided
material and labor cost estimates for complete installation of the cold and hot water
distribution piping, heating plant piping and associated appurtenances, fittings with all
the piping, general conditions and overhead, design and engineering, permit, testing,
and inspection, and a contractor profit or market factor.

The Statewide CASE Team designed DHW heating plant plumbing systems for each of
the prototype buildings according to best engineering practices observed in our plans
review, as well as input the Statewide CASE Team received from interviews of several
plumbing designers. Based on the DHW heating plant designs, the Statewide CASE
Team determined the number and type of MMVs for each prototype building in the base
case and the proposed case shown in Table 183 and Table 184. Sizing for MMV can be
done several ways, Appendix A maximum flow rates, ASPE rate per ASPE Plumbing
Design Engineering Handbook Vol. I, and occupancy rate using building maximum
occupancy. The plans review process showed that the overwhelming maijority of the
piping designs employed CPC Appendix A only and thus the Statewide CASE Team
used CPC Appendix A as the basis for sizing.
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Table 183: Total Component Count and Type (Proposed Mechanical MMV, not
fully analyzed)

Building Type m Master Mixing Valve

Manufacturer Leonard
Low-Rise Garden Model No. TM-520B-LF-DT
# Components 1
. Manufacturer Leonard
E‘é"r”r}ﬁlff HEEREE Model No. TM-1520B-LF-DT
# Components 1
Manufacturer Leonard
Mid-Rise Mixed Use Model No. TM-2020B-2PS-LF
# Components 1
Manufacturer Leonard
High-Rise Mixed Use Model No. TM-1520B-2PS-LF
# Components 2

Table 184: Total Component Count and Type (Proposed Digital MMV, fully
analyzed)

Building Type m Master Mixing Valve

Manufacturer Caleffi
Low-Rise Garden Model No. LEGIOMIX 3/4"
# Components 1
. Manufacturer Caleffi
'(':‘;‘I’r‘;'i';ze 2ates Model No. LEGIOMIX 1"
# Components 1
Manufacturer Caleffi
Mid-Rise Mixed Use Model No. LEGIOMIX 1.5”
# Components 2
Manufacturer Caleffi
High-Rise Mixed Use Model No. LEGIOMIX 2”
# Components 2

The Statewide CASE Team received MMV costs and labor hours for both the high-low
mechanical and digital MMVs from a mechanical contractor as shown in Table 185 and
Table 186. The material costs include the valves as well as other installation materials,
and the labor hours are those to install the valves. The base case is no mixing valve
installed, whereas the proposed case is a digital mixing valve. Costs were collected for
mechanical high-low mixing valves; however, the digital valves were found to be lower
cost as can be seen in Table 186 and Table 187. Thus, the Statewide CASE Team
selected these valves for use in the Cost-Effectiveness analysis. More and less
expensive versions of both the high-low mechanical and the digital MMV’s exist on the
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market however it was determined by The Statewide CASE Team subject matter expert
that the digital MMV best represented a mid-cost range option.

Table 185: MMV Material and Labor Costs for Base Case (CZ Average)

MF Building Type m Labor Rate

Low-Rise Garden Style 0 $100

Low-Rise Loaded Corridor $0 0 $100 $0
Mid-Rise Mixed Use $0 0 $100 $0
High-Rise Mixed Use $0 0 $100 $0

Table 186: MMV Mechanical High- Low Valve Material and Labor Costs for
Proposed Case (CZ Average) (Not used for full analysis)

MF Building Type ____ Material|_Labor Hours _Labor Rate

Low-Rise Garden Style $3,253 $100 $5, 256
Low-Rise Loaded Corridor $4,339 20 $100 $6,342
Mid-Rise Mixed Use $11,444 24 $100 $13,847
High-Rise Mixed Use $20,688 36 $100 $24,291

Table 187: MMV Digital Valve Material and Labor Costs for Proposed Case (CZ
Average)

MF Building Type ____Material|_Labor Hours _____Labor ____ Total

Low-Rise Garden Style $2,263 $100 $3, 064
Low-Rise Loaded Corridor $2,383 8 $100 $3,183
Mid-Rise Mixed Use $5,038 16 $100 $6,640
High-Rise Mixed Use $5,311 16 $100 $6,912

Using the provided material and labor costs, the Statewide CASE Team was able to
calculate total installed costs for the base case and both proposed cases. From those
installed costs, the Statewide CASE Team was able to estimate an incremental cost of
installation for each multifamily building prototype as well as an average incremental
cost per dwelling unit, as shown in Table 188.

Table 188: Incremental Costs for Base Case vs Proposed Case — Prescriptive
HPWH - Master Mixing Valve and Gas — Master Mixing Valve

Base Proposed Total Incremental Average Incremental

Low-Rise Garden Style $3,064 $3,064 $383
Low-Rise Loaded Corridor $0 $3,183 $3,183 $88
Mid-Rise Mixed Use $0 $6,640 $6,640 $75
High-Rise Mixed Use $0 $6,912 $6,912 $59
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6.4.4 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 (or savings) was calculated using a three
percent discount rate (d), which is consistent with the discount rate used when
developing the 2025 Lifecycle Cost Hourly Factors.

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

Most digital MMV are designed to operate with daily descaling function that exercises
the valve from fully closed to fully open position, such that the scaling typically seen on
standard mechanical MMV is virtually eliminated. However, the majority of
manufacturers recommend an annual maintenance program to inspect the MMV for
removal of debris in the filters, check functionality of unit and check valves, and
descaling if necessary. The Statewide CASE Team determined that the average
inspection to take 1 hour per year as part of a larger annual maintenance program over
the life of the unit. The above present value formula was applied to every year of
analysis cost, summed then adjusted by the appropriate climate zone. Table 189 is the
average cost across all climate zones for all building prototypes (all building prototypes
incur the same cos