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Executive Summary

This CASE Report presents justifications for code changes to HVAC requirements that
refine and build on prior code changes to Title 24, Part 6 approved by the CEC. These
proposed code changes address the challenges commercial buildings face in
electrifying and continue to drive increases in efficiency in the following areas:

e Limiting hot water supply temperature in hydronic systems to increase current
efficiency and prepare for future electrification.

e Requirements for mechanical heat recovery and thermal energy storage in new
construction, yielding large per unit energy savings for the mechanical heat recovery
plus thermal energy storage (HR + TES) measure.

e Refinements to electric resistance heating that were found to be cost effective in
most climate zones and small-to-medium building prototypes.

Three California investor-owned utilities (I0Us)—Pacific Gas and Electric Company,
San Diego Gas & 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.

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 will 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.

Limit Hot Water Supply Temperature

Proposed Code Change

This proposed measure would mandate a limit of 130 °F on hot water supply
temperatures (HWST) in space heating design in new construction, additions, or
alterations. It would apply to all nonresidential buildings using either gas boilers or electric
systems to provide comfort space heating and reheating. Efficiency will increase because
for condensing boilers, it is preferable to design for lower HWST to ensure the boiler
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operates in condensing mode. Lower supply temperatures also facilitate all-electric
hydronic designs.

A major driver for this measure is “electrification readiness,” since hydronic heat pumps
are generally incapable of providing HWST equal to what gas boilers can provide. Even if
a site continued to meet its space heating needs with gas boilers, were this measure to
be added to Part 6, then the future retrofit to heat pumps would be more cost effective.
The purpose of this measure will be to ensure that starting with the 2025 edition of Title
24 Part 6, the state does not continue adding hydronic systems with HWST above 140 °F
to the building stock. Detailed descriptions of the opportunity and efficiencies can be
found in Section 3.1.

This proposal would necessitate a modification to the Alternative Calculation Method
(ACM) Reference Manual since it is currently assumed that hydronic systems deliver 160
°F water as well as an update to Section 4.6 of the Nonresidential Compliance Manual.
This proposal aligns with a parallel effort by the International Energy Conservation Code
(IECC).

Table 1: Scope of Code Change Proposal—Limit HWST

Proposal Name Limit HWST

Type of Requirement Mandatory

Applicable Climate Zones All

Modified Sections of Title 24, Part 6 120.2(1) (new)

Modified Title 24, Part 6 Appendices No

Would Compliance Software Be Modified Yes; 5.8.1

Modified Compliance Document(s) NRCC-MCH-01-E, 2022-NRCI-MCH-E

Cost Effectiveness

The proposed code changes were found to be cost effective for all climate zones where
it is proposed to be required. Additions and alterations are slightly less cost effective
than new construction.

For the limit HWST measure, the benefit-to-cost (B/C) ratio over the 30-year period of
analysis ranged between 0.89 and 25.9 depending on climate zone. See more details in
Section 3.4.5.1 Limiting HWST is cost effective to different degrees in all climate zones
and building types except for Climate Zone 16. Analysis shows electric and gas savings
as well as GHG emissions reductions. Water use is not reduced. See Section 3.5 for
metrics, analysis, and full potential impacts.

1 The benefit-to-cost (B/C) ratio compares the benefits or cost savings to the costs over the 30-year
period of analysis. Proposed code changes that have a B/C ratio of 1.0 or greater are cost-effective. The
larger the B/C ratio, the faster the measure pays for itself from energy cost savings.
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Mechanical Heat Recovery and Thermal Energy Storage

As the trend toward all-electric space heating accelerates, large buildings will face
challenges meeting their space heating needs solely with air source heat pumps due to
space, cost, and efficiency barriers. Depending on how well the cooling and heating
loads overlap, requirements for thermal energy storage and heat recovery equipment
can mitigate heat pump challenges. For buildings with low overlapping loads, the
thermal energy storage requirement is intended to store waste heat when the building is
in cooling mode to use later when the building is in heating mode. The requirement is
fuel neutral and applies equally to gas or electric space heating.

This measure is being pursued as a prescriptive addition to Section 140.4(r) and will
improve the space heating energy efficiency of large buildings with the goal of ensuring
that building waste heat is leveraged to minimize the installed capacity of heating
equipment. The full measure description is in Section 4.1.

The purpose is to require heat recovery in large nonresidential buildings. The recovered
heat would be applied to the building’s space and domestic hot water. Buildings with
misaligned cooling and heating loads would also be required to include thermal energy
storage, enabling the recovered heat to be used later.

Table 2: Scope of Code Change Proposal — HR + TES

Proposal Name HR + TES

Prescriptive,

USTE0 G [REE TS Performance (Compliance Option)

Applicable Climate Zones All
Modified Section(s) of Title 24, Part 6 140.4(r) (new)
Modified Title 24, Part 6 Appendices No

Would Compliance Software Be Modified Yes; 5.8.8, and 5.8.9 (new section)

NRCC-MCH-01-E, 2022-NRCI-MCH-E,

Modified Compliance Document(s) NRCA-MCH-15-A

Cost Effectiveness

The mechanical HR and TES measure is expected to result in water savings as well as
energy savings due to reduced cooling tower runtime for systems using condenser
water TES. For the heat recovery and thermal energy storage measure, the benefit-to-
cost (B/C) ratio over the 30-year period of analysis ranged between 1.06 and infinite,
which occurs when the proposed design costs less than the baseline design and results
in immediate payback, depending on climate zone and measure (i.e., heat recovery with
or without thermal energy storage). See more details in Section 4.4.5.

2025 Title 24, Part 6 Final CASE Report—Nonresidential HVAC Space Heating | xviii



Estimated impacts show that in the electric-to-electric case, the analysis for the
mechanical heat recovery and thermal energy storage measure indicated a lower up-
front cost and positive Long-term Systemwide Cost (LSC) savings, yielding an
immediate payback. Per unit energy savings are large for the mechanical HR + TES
measure but savings are limited since we only claim new construction. The gas-to-gas
cases provide further savings.

The mechanical HR + TES measure is expected to result in water savings due to
reduced cooling tower runtime for systems using condenser water TES. 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.

Electric Resistance Heating

This measure proposes updates to prescriptive language limiting electric resistance
(ER) for space heating. Recent research pointing to the inefficiencies in the hydronic
system distribution network and a steady shift toward cleaner electricity have resulted in
a need to revisit the tradeoff between hydronic and ER heating. The current ban on ER
heating is wide ranging and includes electric boilers, electric furnaces except as backup
for heat pumps, and electric resistance variable air volume (VAV) reheat. There are
currently six exceptions allowing various configurations that presumably do not
consume significant electric resistance heating energy. The Statewide CASE Team
proposes to preserve the prescriptive ban on electric boilers and unitary furnaces, and
to update the code to allow electric resistance heat for spaces with decoupled
ventilation, assuming certain energy efficient conditions are met. The proposal includes
some editorial cleanup to the remainder of the exceptions as follows.

Section 140.4(g) — Electric resistance heating (new construction): The purpose of
this change is to add a new exception that would allow electric resistance heating in
spaces with very low space heating needs by minimizing heating loads through
demand-controlled ventilation and occupied standby controls where possible,
decoupling ventilation from space heating, and recovering heat from nearby computer
rooms.

Section 141.0(a) Electric resistance heating (additions): The purpose of this change
is to delete exception 2 in 141.0(a), which aligns requirements for additions with those
proposed for new construction.

Section 141.0(b) Electric resistance heating (alterations): The purpose of this
change is to add an exception (exception 6) to Section 141.0(b)2C, which would mean
that buildings pursuing exception 7 to 140.4(g) would have to ensure the building
envelope complies with prescriptive requirements for new construction and that the site
appropriately leverages exhaust air heat recovery as specified in 140.4(q).
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For a full measure description see Section 5.1. Limitations to hydronic systems driving
the renewed examination of electric resistance heating are described in greater detail in
Section 5.1.2.2.

Table 3: Scope of Code Change Proposal—ER Heating

Proposal Name ER Heating

Type of Requirement Alternative to Prescriptive Requirements
Applicable Climate Zones All

Modified Section(s) of Title 24, Part 6 140.4(g), 141.0(a)

Modified Title 24, Part 6 Appendices No

Would Compliance Software Be Modified Yes

Modified Compliance Document(s) NRCC-MCH-01-E

Cost Effectiveness

The ER heating measure includes negative electricity savings mainly stemming from the
assumption that the system uses a natural gas boiler in the base case, so the impact of
switching to electric heating results in negative electricity savings but positive natural
gas savings. Shifting from an AWHP hydronic base case to the ER zone heating
measure would result in negative electric savings as well, due to the reduction in system
coefficient of performance. The proposed ER heating case includes a much lower
incremental measure cost, which offsets the increase in electric energy consumption.
When compared against a gas baseline, the ER heating measure shows positive source
energy savings, a metric that compares changes to gas and electric energy
consumption. Furthermore, the ER heating energy savings analysis is currently
conservative and does not capture all elements of the measure case, such as the
computer room heat recovery clause.

For the ER heating measure, the benefit-to-cost (B/C) ratio over the 30-year period of
analysis ranged between 0.77 and infinite depending on climate zone. See more details
in Section 5.4.5.

Avoided GHG emissions for embodied carbon in ER measures was also calculated, to
inform the market that forgoing a hydronic space heating system in favor of zonal
electric resistance heating results in a significant reduction in materials.

Addressing Energy Equity and Environmental Justice

The Statewide CASE Team assessed the potential impacts of the proposed measure,
and based on a preliminary review, the measure is unlikely to have significant impacts
on energy equity or environmental justice, therefore reducing the impacts of disparities
in DIPs. The Statewide CASE Team does not recommend further research or action at
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this time, but it is open to receiving feedback and data that may prove otherwise. Please
reach out to Bryan Boyce (bboyce@energy-solution.com) and Marissa Lerner
(mlerner@energy-solution.com) for further engagement. These measures are primarily
intended to impact large buildings, which are typically not thought to significantly impact
DIPs. However, our assessment is that although minor, impacts to DIPs are likely to be
positive overall. Full details addressing energy equity and environmental justice can be
found in Sections 2, 3.6, 4.6 and 5.6 of this report.
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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 Ultilities
(IOUs)—Pacific Gas and Electric Company, San Diego Gas and Electric, and Southern
California Edison — and two Publicly Owned Utilities—Los Angeles Department of Water
and Power and Sacramento Municipal Utility District (herein referred to as the Statewide
CASE Team when including the CASE Author)—sponsored this effort. The program
goal is to prepare and submit proposals that would result in cost-effective
enhancements to improve energy efficiency and energy performance in California
buildings. This report and the code change proposal presented herein are a part of the
effort to develop technical and cost-effectiveness information for proposed requirements
on building energy-efficient design practices and technologies.

The 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. CEC will evaluate proposals the Statewide CASE Team and other
stakeholders submit and 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.

The goal of this CASE Report is to present a code change proposal regarding
nonresidential space heating energy efficiency. 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 industry stakeholders
including manufacturers, distributors, contractors, builders, utility incentive program
managers, Title 24 energy analysts, and others involved in the code compliance
process. The proposal incorporates feedback received during public stakeholder
workshops that the Statewide CASE Team held on February 27, 2023 and May 18,
2023.

The following is a summary of the contents of this report:

Section 2 — Addressing Energy Equity and Environmental Justice describes the
potential impacts of this code change measure package on DIPs.

Section 3 — Hot Water Supply Temperature Limit
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Section 3.1 — 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 3.2 — Market Analysis includes a review of the current market structure.
Section 3.2.2 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 3.3 — 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 3.4 — 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 3.5 — First-Year Statewide Impacts presents the statewide energy
savings and environmental impacts of the proposed code change for the first
year after 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.

Section 3.6 — 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 4 — Mechanical Heat Recovery and Thermal Energy Storage

Section 4.1 — 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 4.2 — Market Analysis includes a review of the current market structure.
Section 4.2.2 describes the feasibility issues associated with the code change,
including whether the proposed measure overlaps or conflicts with other portions
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of the building standards, such as fire, seismic, and other safety standards, and
whether technical, compliance, or enforceability challenges exist.

Section 4.3 — 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 4.4 — 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 4.5 — First-Year Statewide Impacts presents the statewide energy
savings and environmental impacts of the proposed code change for the first
year after 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.

Section 4.6 — 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 5 — Electric Resistance Heating

Section 5.1 — 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 5.2 — Market Analysis includes a review of the current market structure.
Section 5.2.2 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 5.3 — 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 5.4 — Cost and Cost Effectiveness presents the lifecycle cost and cost-
effectiveness analysis. This includes a discussion of the materials and labor
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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.

e Section 5.5 — First-Year Statewide Impacts presents the statewide energy
savings and environmental impacts of the proposed code change for the first
year after 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.

e Section 5.6 — 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 6 — 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 7 — 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 (CBECC) Software
Specification presents relevant proposed changes to the compliance software.

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

Appendix H: TIER Compliance Modeling Procedure Memorandum provides an in-
depth step-by-step procedure for modeling TIER plant energy consumption since this
system has not yet been modeled in EnergyPlus.

Appendix I: Memo Discussing All-Electric Plant Options for a Large Office
reproduces a narrative developed to assist with system selection for a building deciding
which all-electric option to pursue.

The California IOUs offer 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

2.1 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 Bryan
Boyce (bboyce@energy-solution.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 L 2022). Socioeconomic inequities, climate, energy, and
other inequities are inextricably linked and often mutually reinforcing.
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beyond.2 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 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 CBOs, these partnerships will 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. Results of that outreach as well as a summary of the
2025 code cycle EEEJ activities will be documented in the 2025 EEEJ Summary Report
that is expected to be published on title24stakeholders.com by the end of 2023.

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 will come to an end, the Statewide CASE Team’s EEEJ efforts will
continue, as this is not an effort that can be “completed” in a single or even 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

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.).

2025 Title 24, Part 6 Final CASE Report—Nonresidential HVAC Space Heating | 7



engagement with these organizations representing DIPs throughout the code cycle.
Several strategies for future code cycles are being considered, including:

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 Nonresidential Buildings

To assess potential inequity of proposals for nonresidential buildings the Statewide
CASE Team considered which building types are used by DIPs most frequently and
evaluated the allocation of impacts related to the following areas among all populations.

Cost: People historically impacted by poverty and other historic systems of
wealth distribution can be affected more severely by the incremental first cost of
proposed code changes. Costs can also create an economic burden for DIPs
that does not similarly affect other populations. See Section 4.4 for an estimate of
energy cost savings from the current proposals.

Health: Any potential health burdens from proposals could more severely affect
DIPs that can have limited access to healthcare and live in areas affected by
environmental and other health burdens. Several of the potential negative health
impacts from buildings on DIPs are addressed by energy efficiency (Norton
2014., 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. Black and Latinx people are 56 percent and 63
percent more likely to be exposed to dangerous air pollution than white people,
respectively (Tessum, et al. 2019). Water heating and building shell
improvements can reduce stress levels associated with energy bills by lowering
utility bill costs. Electrification can reduce the health consequences resulting from
NOx, SO2, and PM2.5.

Resiliency: DIPs are more vulnerable to the negative consequences of natural
disasters, extreme temperatures, and weather events due to climate change.
Black Americans are 40 percent more likely to currently live in areas with the
highest projected increases in extreme heat related mortality rates, compared to
other groups (EPA 2021). Similarly, natural disasters affect DIPs differently. Race
and wealth affect the ability to evacuate for a natural disaster, as evidenced
during Hurricane Harvey wherein White and wealthy residents were
overrepresented by 19.8 percent among evacuees (Deng, et al. 2021) Proposals
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that improve buildings’ resiliency to natural disasters and extreme weather could
positively impact DIPs. For example, buildings with more insulation and tighter
envelopes can reduce the health impacts of infiltration of poor quality air, reduce
risk of moisture damage and related health impacts (mildew and mold), and help
maintain thermal comfort during extreme weather events.

e Comfort: Thermal comfort and proper lighting are important considerations for
any building where people work, though impacts are not proportional across all
populations. Thermal comfort can also have serious health effects as heat
related illness is on the rise in California. DIPs are at a greater risk for heat
illness due in part to socioeconomic factors. From 2005 to 2015 the number of
emergency room visits for heat related iliness in California rose 67 percent for
Black people, 53 percent for Asian-Americans, and 63 percent for Latinx people
(Abualsaud, Ostrovskiy and Mahfoud 2019). Studies have shown that not only do
the effects of urban heat islands lead to higher mortality during heat waves, but
those in large buildings are disproportionately affected (Smargiassi 2008, Laaidi
2012). These residents tend to be the elderly, people of color, and low-income
households (Drehobl 2020, Blankenship 2020, IEA 2014). Comfort is not only a
nice quality to have in workplaces, schools, etc., but it also has real world health
impacts on people’s health.

2.1.2.1 Potential Impacts by Building Type

Proposals for the following building types would not have disproportionate impacts
because all populations use the buildings with the same relative frequency. While there
may be impacts on costs, health, resiliency, or comfort, DIPs would not be affected
more or less than any other population. It is unlikely that DIPs would pay a disparate
share of the incremental first costs.

e Office buildings of all sizes
e Retail buildings of all sizes
e Non-refrigerated buildings
e Laboratories

e Open air parking garage

e Vehicle service

Below is a description of how the proposed code changes might impact DIPs by building
type.
Schools (Small and Large)

Incremental costs could have a larger impact on DIPs than the general population
because school funding is linked with race and income in the United States (U.S.).
Jurisdictions with lower income populations where the tax base, funding, and capital
improvement budgets may be more constrained may find it more challenging to
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accommodate the incremental first costs. Costs can affect educational quality, as
incremental costs present a significant burden for schools with lower budgets. Analysis
from the U.S. Government Accountability Office shows that students in poorer and
smaller schools tend to have less access to college-prep courses and 80 percent of the
students in these poorest schools were Black and Latinx (United States Government
Accountability Office 2018). Incremental costs can deepen these educational
inequalities by burdening schools with low budgets. Proposals will impact individuals
attending and working at schools including those from DIPs. Proposals that impact
health, resiliency, and comfort all have the potential to disproportionately impact those
who attend or work in majority DIP schools, as those schools can less often afford
considerations for those criteria.

Hotel

Proposals that impact health and resiliency have the potential to disproportionately
impact those working or residing in hotels. California has used hotels for temporary
housing, and many unhoused people rely on these buildings for shelter on a regular
basis and during extreme weather events. California’s Project Roomkey offered
temporary hotel housing for more than 42,000 unhoused Californians in the COVID-19
crisis (California Governer's Office of Emergency Services 2021). More than 1.6 million
people are employed year-round in accommodation and food services with more than
49 percent of that industry identifying as Black, Asian American, or Latinx (U.S.
BUREAU OF LABOR STATISTICS 2023). While the costs may increase for this
nonresidential building type, the burden of that cost is unlikely to be disproportionate.

Hospital

Increased incremental costs for hospitals can present challenges to jurisdictions with
lower income populations where the tax base, funding, and budgets may be more
constrained. Proposed measures that impact health and resiliency have the potential to
disproportionately impact those who attend or work in hospitals.

2.2 Specific Impacts of the Proposal

Overall, the Space Heating measures are expected to benefit DIPs. The measures are
geared toward improving efficiency, reducing on-site natural gas usage (which will bring
IAQ benefits), and in the case of electric resistance heating, providing a low upfront cost
option for electric space heating. Refer to Sections 3.6, 4.6, and 5.6 for further
discussion of impacts by measure.
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3. Hot Water Supply Temperature Limit

3.1 Measure Description

3.1.1 Proposed Code Change

The purpose of this measure is to place a mandatory limit on design space heating hot
water supply temperatures (HWST) of 130 °F for new construction and additions and
alterations. The measure would apply to all nonresidential buildings that use hydronics
to provide comfort space heating and reheat. This proposal would apply to systems that
use gas boilers as well as all-electric designs.

This proposal would necessitate a modification to the ACM Reference Manual since it is
currently assumed that hydronic systems deliver 160 °F water. The ACM Reference
Manual would be adjusted to reflect the new requirement of 130 °F supply hot water. The
baseline design hot water return temperature would also be lowered from 120 °F to 105
°F.

This requirement is proposed to be included in section 120.2, “Required Controls for
Space-Conditioning Systems.” See Section 6 of this report for marked-up code
language.

3.1.2 Justification and Background Information

3.1.2.1 Justification

This measure is being pursued to ensure hydronic space heating “electric readiness.”
Historically, hydronic hot water systems were designed around a supply temperature of
180 °F. As described below, this was needed to protect noncondensing boilers from
experiencing condensation in the exhaust gas stream. Today, within hydronic space
heating, the design trend has been toward lower supply hot water temperatures. This is
because for condensing boilers, it is preferable to design for lower supply hot water
temperatures to ensure the boiler operates in condensing mode. And second, lower
supply temperatures facilitate all-electric hydronic designs. This is because most
hydronic heat pump equipment is currently limited from producing supply hot water
temperatures above roughly 140 °F. As was found in the Code Readiness Electrification
Designer Interview report, all design engineers implementing hydronic heat pump
systems were actively designing systems and distribution to meet 140 °F or lower
supply temperatures throughout multiple buildings in California (Bulger 2023). The
purpose of this measure will be to ensure that starting with the 2025 edition of Title 24
Part 6, the state does not continue adding hydronic space heating systems to the
building stock designed around hot water supply temperatures that cannot be achieved
by hydronic heat pump equipment.
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In addition to the electric-readiness goal, there are energy efficiency reasons to pursue
this proposal. As noted, for gas boiler systems using condensing equipment, lower
supply and return temperatures are desirable since they ensure the boiler operates in
condensing mode most of the time. At lower supply water temperatures, the heat lost
through the distribution system will be reduced.

Even more than boilers, heat pump efficiency is very sensitive to hot water supply
temperature. The same heat pump will be more efficient when operated at 130 °F
compared to 140 °F.

Lowering the hot water supply temperature (HWST) results in lower waterside delta T (AT
or dT) across the heating coils. For example, systems designed for 180°F HWST are
typically designed for a 40 °F dT across the hot water coils. Using the same hot water
coils with a 130 °F HWST reduces the dT to about 25 °F (see Section 3.3.1.1 for a
detailed discussion of the interplay between flow rate and temperature difference in a
hydronic space heating system). This means that flow rates and pipe sizes will increase
as will pump sizes and pump energy. As documented in this report, the energy savings of
130 °F HWST are more than enough to compensate for the increased first cost.

3.1.2.2 Additions and Alterations

The HWST limit proposal applies to additions and alterations. The economics are
different for additions and alterations versus new construction, but they are still
compelling. There are several scenarios of additions and alterations that should be
considered. One scenario is an addition or alteration that includes a new hot water (HW)
plant and new zoning. In this case the system would be able to operate at the new
HWST from the first day, and the economics would be the same as new construction.
Another scenario is an addition or alteration that includes new zoning to be served by
an existing HW plant with noncondensing boilers that also serves existing-to-remain
zones sized for 180 °F. This is a common scenario for high-rise office buildings when a
new tenant moves into one floor. In this case, the only cost impact would be that the
piping to the new zones would need to be upsized to accommodate the lower HWST of
130 °F, but the plant would still need to operate at 180 °F until at least one boiler is
replaced with a noncondensing boiler. With the upsized piping, the coils would not need
to be upsized. Even then the plant might need to operate above 130 °F some of the time
to satisfy the existing zones. So therefore, there would be no energy savings at first.
Most, but not necessarily all the savings, would not occur until the boiler is replaced.
Note that upsizing the piping is only about 20 percent of the total first cost for this
measure, while upgrading from noncondensing to condensing boilers is about 75
percent of the total first cost. Therefore, in this case, most of the cost is not incurred
until the boilers are replaced.
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A parametric analysis of the gas baseline for medium and large offices in all climate
zones was performed. In the analysis the incremental cost for larger piping is incurred in
year zero but the incremental cost for condensing boilers and larger pumps is not
incurred until year 15 and the energy savings do not begin until year 15. The B/C ratio is
still > 1.0 in all climate zones. Assuming the boiler is upgraded to condensing in year 15
is a conservative assumption. The typical lifespan for a boiler is 20 to 30 years, the
average boiler is 10 to 15 years old, and it will be replaced in 10 to 15 years.
Furthermore, many existing boilers are already condensing. One reason is because air
quality management districts, (e.g., the Bay Area Air Quality Management District and
South Coast Air Quality Management District), have promulgated regulations limiting
boiler NOx and SOx emissions, and the regulations are retroactive to existing buildings
(e.g., BAAQMD Reg 9 Rule 6 and SCAQMD Rule 1146.2). Typically, only condensing
boilers can meet the requirements. Thus, hundreds of existing boilers have been
replaced with condensing boilers to comply with these regulations. In addition,
prescriptive language added to Title 24 Part 6 section 140.4(k)8 in 2022 requiring
condensing boilers for systems between 1 and 10 MMBtu/h in most California climate
zones further increases the likelihood that existing gas boilers will be condensing by the
time this measure takes effect in 2026.

3.1.2.3 Background Information

Design supply hot water temperatures of 180 °F were the norm in the era when
atmospheric noncondensing boilers were the dominant equipment type used to provide
hot water in buildings. High supply water temperatures were needed to ensure that
return hot water temperatures were above the dew point of boiler exhaust gases, which
is roughly at 135 °F. If condensation occurred in noncondensing boilers, then damage
could occur to the boiler system, so high supply and return water temperatures were
needed to avoid this possibility. There was never a space conditioning need to have
such high temperatures. Today, condensing boilers are much more commonly specified
for sites with natural gas boilers, and lower supply hot water temperatures will provide a
substantial energy efficiency benefit since it will be all but guaranteed that the
equipment will continuously operate in condensing mode when the supply hot water
temperature is 130 °F. Note that this measure would not preempt noncondensing
boilers since the intention is to ensure the distribution network and space heating coils
are optimized around “heat pump friendly” temperatures. Higher boiler temperatures
would be allowed if there is a secondary distribution network designed to comply with
the 130 °F limit.

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
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modified by the proposed change.* See Section 6 of this report for detailed proposed
revisions to code language.

3.1.3.1 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 6.2 of this report for
marked-up code language.

Section: 120.2

Specific Purpose: The specific purpose of the addition to 120.2 is to limit hot water
supply temperatures for space heating hydronic systems to 130°F or lower.

Necessity: This addition is necessary to increase energy efficiency via cost-effective
building design standards, as mandated by the California Public Resources Code,
Sections 25213 and 25402.

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

The purpose and necessity of proposed changes to the Nonresidential ACM Reference
Manual are described below. See Section 6.4 of this report for the detailed proposed
revisions to the text of the ACM Reference Manual.

This measure would result in several changes to the ACM Reference Manual to ensure
that the standard design reflects the mandatory code requirements being recommended
by this measure. The changes would be focused on adjusting the hot water supply
temperature and hot water temperature difference in the standard design under section
5.8.1.

Section: 5.8.1

Specific Purpose: The specific purpose is to modify the standard design to reflect the
mandatory code changes being recommended in this measure. The changes would be
to modify the “Hot Water Supply Temperature” from 160 °F to 130 °F, to modify the “Hot
Water Temperature Difference