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Executive Summary

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

1. Statewide energy impacts and percentage of commercial floorspace within the
scope of the proposed submeasures, specifically whether these impacts are
underestimated

2. Incremental equipment costs, with an emphasis on costs related to oxygen
concentration control

3. Materials costs and impacts for all submeasures
4. Assumptions regarding runtimes and stack temperatures for process boilers

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

Introduction

The Codes and Standards Enhancement (CASE) Initiative presents recommendations
to support the California Energy Commission’s (Energy Commission) efforts to update
the California Energy Efficiency Building Standards (Title 24, Part 6) to include new
requirements or to upgrade existing requirements for various technologies. Three
California Investor Owned Utilities (IOUs) — Pacific Gas and Electric Company, San
Diego Gas and Electric, and Southern California Edison — and two Publicly Owned
Utilities —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 will result in cost-effective enhancements to improve energy efficiency
and energy performance in California buildings. This report and the code change
proposals presented herein are a part of the effort to develop technical and cost-
effectiveness information for proposed requirements on building energy-efficient design
practices and technologies.

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

The overall goal of this CASE Report is to present a code change proposal for
nonresidential boilers and service water heating. The report contains pertinent
information supporting the code change.

Measure Description
Background Information

Boiler and Service Water Heater System Efficiency

Boilers and water heaters capable of achieving efficiencies above 90 percent utilize
larger heat exchangers and recuperate additional thermal energy through the flue gas.
These high efficiency boilers and water heaters are referred to as condensing products
because they can condense moisture out of flue gas, recovering latent heat from water
vapor present, and the removal of this latent heat results in lower flue gas temperatures
than traditional boiler and water heater technologies. These lower flue gas temperatures
may impact the ability of combustion gases to escape through traditional atmospheric
venting. Additionally, the recovered liquid condensate is acidic and requires proper
disposal through non-corrosive piping. Condensing products, including boilers and
water heaters, utilize more expensive stainless steel for use in heat exchangers to
prevent corrosion from this acidic condensate.

Condensing operation requires a sufficient difference between the inlet and outlet water
temperatures. If water returns to the boiler at temperatures well above 120°F,
condensing is not likely to occur, and the thermal efficiency of the boiler system will not
reach 90 percent. Similarly, the flow rate requirements for boiler systems that mandate
returning water flow at least 20 percent less than the design flow increases the
likelihood that the boiler system will operate in the condensing range. Service water
heating systems draw inlet water from local water infrastructure; those inlet
temperatures are thus likely to reflect local ground temperatures and fall well below
100°F.

American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE)
Standard 90.1 2019 Energy Standard for Buildings Except Low Rise Residential
Buildings Addendum BC includes requirements that service water heating systems
above 1 million British thermal units per hour (MMBtu/h) achieve 90 percent weighted
thermal efficiency. ASHRAE Standard 90.1-2019 Addendum BC includes similar
requirements for boiler systems between 1 and 10MMBtu/h. These systems must also
achieve 90 percent weighted thermal system efficiency, along with the return water
temperature and flow rate requirements reflected in this proposal. The return water
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temperatures requirements help assure that the leaving stack gas temperatures are low
enough to condense the flue gasses and extract the latent heat in the combustion
gases.

Oxygen Concentration Requirements

Controlling oxygen concentration in the combustion process allows for efficient system
operation. If there is not enough oxygen in flue gas, this indicates that combustion is
incomplete and unburnt natural gas is leaving the exhaust stack without releasing all its
heat. If there is too much oxygen in the flue gas, this indicates that there is excess air in
the flue gas; this results in lower temperatures and a higher volume of flue gas with
shorter residence time for heat to be extracted from the flue gas. Oxygen concentration
controls requires dynamic response as the density of inlet air to the combustion process
decreases with increases in temperature or humidity. Designers typically recommend
oxygen trim control to achieve optimal oxygen concentration as this type of control
analyzes the stack-gas and provides feedback to the combustion air control so that the
ratio of fuel to air is adjusted for maximum performance.

Oxygen concentration requirements for commercial and process boilers were added to
Title 24, Part 6 in the 2013 codes cycle and have demonstrated significant savings.

Proposed Code Change
This proposal is making four recommendations:

1. Gas Boiler Systems: The proposed prescriptive requirements for gas boiler
systems would raise the minimum thermal efficiency of gas-fired hot water boiler
systems for space heating to a weighted-thermal efficiency of 90 percent [Section
140.4(k)]. This change impacts gas hot water boiler systems of capacities
between 1 and 10 MMBtu/h installed in any type of newly constructed
nonresidential building and high-rise multifamily buildings. Weighted thermal
efficiencies are calculated based off the input each boiler provides to the total
system capacity. This measure would also add two requirements for the hot
water distribution system that aim to optimize condensing operation:

a. Hot water return entering the boiler(s) must be 120°F or less.

b. Flow rates for supply hot water that recirculates directly into the return
system must be no greater than 20 percent of the design flow of the
operating boiler.

2. Gas Service Water Heating Systems: The proposed prescriptive requirements
for gas service water heating systems would raise the minimum thermal
efficiency of gas-fired hot water boiler systems for space heating to a weighted-
thermal efficiency of 90 percent. [Section 140.5(c) — new subsection]. This
change impacts gas service water heating systems of capacities between 1 and
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10 MMBtu/h installed in any type of newly constructed nonresidential building
and high-rise multifamily buildings. Water heating systems that serve individual
dwelling units would not need to comply. Individual gas water heaters with input
capacity less than 100,000 Btu/h are also excepted.

3. Oxygen Concentration for Process Boilers: The proposed mandatory
changes would adjust the stack-gas oxygen concentration requirements for
newly installed process boilers with input capacity between 5 and 10 MMBtu/h
from & percent to 3 percent. [Section 120.6(d)]. This change would simplify the
code by aligning with current requirements for process boilers greater than 10
MMBtu/h. For process boilers, the Statewide CASE Team is also recommending
a clarification that the combustion air volume be controlled only by flue gas
concentration, eliminating the option to control based on firing rate.

4. Oxygen Concentration for Commercial Boilers: The proposed mandatory
changes would require stack-gas oxygen concentrations of no greater than 3
percent for boilers installed in new construction with input capacity of 5 MMBtu/h.
[Section 120.9(c)]. This change also simplifies the code so all boilers that are
subject to oxygen concentration requirements must maintain a concentration of 3
percent or less. Currently, commercial boilers with steady state full-load thermal
efficiency of 85 percent or higher are not required to meet oxygen concentration
requirements. This exception would be eliminated. As with process boilers, the
Statewide CASE Team is also recommending a clarification that the combustion
air volume be controlled only by flue gas concentration, eliminating the option to
control based on firing rate.

The first two proposals add boiler system efficiency and service hot water heating
system efficiency requirements to the prescriptive compliance pathway and apply only
to newly constructed nonresidential and high-rise multifamily buildings with large offices,
hospitals, hotel/motel, and high-rise multifamily buildings particularly subject to impact.
These two changes would align Title 24, Part 6 requirements for the minimal thermal
efficiencies of boiler and gas service hot water heating systems with the current
requirements in ASHRAE 90.1-2019.

The next two requirements are modifications to the mandatory oxygen concentration
requirements that apply to newly installed commercial boilers in new construction and
newly installed process boilers in new construction and alterations. Applicable
commercial and process boilers with an input capacity of 5 MMBtu/h or greater would
be required to maintain stack-gas oxygen concentrations at less than or equal to 3
percent by volume; this required level is assessed on a dry basis over firing rates of 20
to 100 percent. The oxygen concentration measure would impact all nonresidential and
multifamily high-rise residential buildings that meet the capacity thresholds, as well as
process boilers that meet the capacity threshold.
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Scope of Code Change Proposal

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

change(s).

Table 1: Scope of Code Change Proposal

Measure
Name

Type of

Gas Boiler
Systems

Prescriptive

Gas Service
Water
Heating
Systems

Oxygen
Concentrati
on —
Process
Boilers

Oxygen
Concentrati
on —
Commercial
Boilers

Prescriptive

Mandatory

Mandatory

Requirement

Modified Modified
Section(s) Title 24,
of Title 24, Part 6

Part 6 Appendices
140.4(k) No change

140.5 No change
120.6(d) No change
120.9(c) No change

Market Analysis and Regulatory Assessment

Would
Compliance
Software Be

Modified

Yes, Section
5.8.1 of the
ACM
Yes, Section
5.9.1.2 of the
ACM

No

No

Modified
Compliance
Document(s)

NRCC-MCH-
E; NRCC-
PLB-E

NRCC-MCH-
E; NRCC-
PLB-E
NRCC-PRC-E

None

The typical distribution channels for commercial boilers and large volume service water
heaters includes five primary players: manufacturer, manufacturer representative or
wholesaler, contractor, design engineer and owner. Oxygen trim controls are either sold
with a new boiler or as a retrofit by a boiler controls manufacturer or manufacturer

representative.

In new construction, it is most common for the building owner to work with a design
engineer or contractor to plan and specify the boiler or water heating system. The
design engineer or contractor would then contact a manufacturer or wholesaler to
purchase equipment that meets the specifications. Manufacturer representatives handle
the majority of large boiler and water heater sales.
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The Statewide CASE Team does not expect any technical feasibility concerns because
condensing boilers are a mature technology. The proposed minimum system thermal
efficiency of 90 percent for gas-fired boiler systems was added to ASHRAE 90.1 in 2019
as a part of Addendum BC; the gas service water heating requirements were added to
ASHRAE 90.1 for the 2016 edition. Furthermore, condensing products represent a one-
for-one replacement of similar non-condensing products. The proposed code change
would have minimal impacts on the current market as condensing technology is a
mature, widely available technology and represents most sales in many applications.

Currently, Title 24, Part 6 Section 110.2 requires a minimum thermal efficiency of 80
percent for gas fired boilers with capacities between 300,000 Btu/h and 2.5 MMBtu/h
and a minimum thermal efficiency of 82 percent for relevant equipment with capacities
above 2.5 MMBtu/h. These requirements are for individual boilers and not at the system
level and align with federal minimum standards for this product category. There are no
current hot water system distribution design requirements.

Similarly, current federal minimum thermal efficiency levels for gas fired water heaters is
80 percent, which aligns with California Appliance Efficiency Regulations (Title 20,
appliance standards) under Section 1605.1 for commercial storage gas water heaters.

There are no current federal requirements for oxygen trim control, although California
Title 24, Part 6 Section 120.6(d) requires excess stack-gas oxygen not to exceed 3
percent for boilers 10 MMBtu/h or larger; this proposal seeks to lower that threshold to
systems 5MMBtu/h or larger.

Both boilers and water heaters are federally covered products, and thus states are pre-
empted from setting standards above the federal minimum standards under 42 U.S.C.
6313. However, under 42 U.S.C. 6316(b)(2)(B) states can adopt higher efficiency levels
for federally regulated products in new construction if the standard aligns with an
amended ASHRAE/IES Standard. Addendum BC to ASHRAE 90.1-2016, which is now
incorporated in Section 6.5.4.8 of ASHRAE 90.1-2019, establishes the minimum
weighted thermal efficiencies of high capacity gas-fired boiler hot water systems to be
90 percent. Section 7.5.3 of ASHRAE 90.1-2016, contains a weighted thermal efficiency
requirement for gas service water heating. Therefore, California can adopt these
requirements in the 2022 Title 24, Part 6 code in new buildings without violating federal
preemption.

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 compares the benefits or cost
savings to the costs over the 15-year period of analysis for nonresidential prototypes
and 30-year period of analysis for residential prototypes. Proposed code changes that
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have a B/C ratio of 1.0 or greater are cost-effective. The larger the B/C ratio, the faster
the measure pays for itself from energy cost savings. The B/C ratios for all four
submeasures are presented in Table 2. See Section 5 for the methodology,
assumptions, and results of the cost-effectiveness analysis. As noted at the beginning
of Section 4, the Statewide CASE Team used preliminary TDV factors to determine
cost-effectiveness and would consider re-evaluating the cost saving results when the
final TDV values are determined.

Table 2: Summary of Benefit-to-Cost Ratios

Submeasure Benefit-to-Cost Ratio Range (varies

by climate zone and building type)
Gas Boiler Systems 0.12to 7.04
Gas Service Water Heating Systems 2.16t0 19.24
Oxygen Trim Control — Process Boilers 4.8
Oxygen Trim Control — Commercial Boilers 0.45t0 1.92

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

Table 3 presents the estimated energy and demand impacts of the proposed code
change that would be realized statewide during the first 12 months that the 2022 Title
24, Part 6 requirements are in effect. First-year statewide energy impacts are
represented by the following metrics: electricity savings in gigawatt-hours per year
(GWhlyr), peak electrical demand reduction in megawatts (MW), natural gas savings in
million therms per year (million therms/yr), and TDV energy savings in kilo British
thermal units per year (TDV kBtu/yr). See Section 6 for more details on the first-year
statewide impacts calculated by the Statewide CASE Team. Section 4 contains details
on the per-unit energy savings calculated by the Statewide CASE Team.

Table 3: First-Year Statewide Energy and Impacts

Measure Electricit Peak Electrical Natural Gas TDV Energy

y Savings Demand Savings Savings

(GWhlyr) Reduction (million (million TDV

(MW)  thermslyr) kBtulyr)

Gas Boiler Systems N/A N/A 0.31 80.7

(Total)

New Construction N/A N/A 0.31 80.7

Additions and Alterations N/A N/A N/A N/A

Service Water Heating N/A N/A 0.01 29
Systems (Total)

New Construction N/A N/A 0.01 29
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Additions and Alterations N/A N/A N/A N/A

Oxygen Concentration N/A N/A 0.70 170.7
(Total)

Commercial New N/A N/A 0.08 21.7
Construction

Process Boilers N/A N/A 0.62 149

The Statewide CASE Team believes that these savings estimates are very conservative
in nature. Savings were only calculated for a limited range of CBECC-Com building
prototypes that had boiler and service water heating capacities at or near the existing
threshold requirements. The CBECC-Com building prototypes present an estimate of
equipment capacities, and the larger HVAC capacities that would be impacted by this
code proposal are not necessarily represented. These larger systems would yield more
savings than equipment that is at the proposal thresholds.

Table 4: First-Year Statewide GHG Emissions Impacts presents the estimated

avoided GHG emissions associated with the proposed code change for the first year the
standards are in effect. Avoided GHG emissions are measured in metric tons of carbon
dioxide equivalent (Metric Tonnes CO2e). Assumptions used in developing the GHG
savings are provided in Section 6.2 and Appendix C of this report. The monetary value
of avoided GHG emissions is included in TDV cost factors and is thus included in

the cost-effectiveness analysis.

Table 4: First-Year Statewide GHG Emissions Impacts

Measure Avoided GHG Monetary Value of
Emissions Avoided GHG

(Metric Tonnes Emissions

CO2elyr) (2023 Present Value $)

Gas Boiler Systems 1,691 $50,729
Gas Service Water Heating Systems 62 $1,869
Commercial Oxygen Trim Control 453 $13,591
Process Oxygen Trim Control 3392 $101,773
Total 5,730 $167,962

Water and Water Quality Impacts

The proposed measure is not expected to have any impacts on water use or water
quality, excluding impacts that occur at power plants. Maintenance costs have been
added to account for the costs to neutralize condensate.
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Compliance and Enforcement

Overview of Compliance Process

The Statewide CASE Team worked with stakeholders to develop a recommended
compliance and enforcement process and to identify the impacts this process would
have on various market actors. The compliance process is described in Section 2.5.
Impacts that the proposed measure would have on market actors is described in
Section 3.3 and Appendix E. The key issues related to compliance and enforcement are
summarized below:

Design Phase: There are some modest changes to the design phase of the
compliance process. The HVAC (Heating, Ventilation, and Air Conditioning)
design team would identify if a given project triggers these efficiency
requirements based on system capacity measured in Btu/h. Calculating the
weighted thermal efficiency would be a new step in the process for the design
team requiring a straightforward calculation. The plumbing designer would
ensure that the proposed flow rate and supply water return temperature is met
along with the proposed oxygen trim control levels. Designers would need to be
aware of the new trigger for oxygen trim control and adjust design
recommendations accordingly.

Permit Application Phase: During the permit application phase, the project
team would submit design documents that include the individual boiler/water
heater specifications, weighted thermal efficiencies, boiler flow rates and
temperatures, and oxygen combustion control specifications. Specifications for
weighted thermal efficiency for boilers and water heaters along with flow rate
and return water temperatures is a new metric to include in permit applications
that project teams must note. The plans examiner would need to understand
the code updates as well as the relevant exceptions to the change.

Construction Phase: During the construction phase, the contractor needs to
be aware of the new weighted thermal efficiency metric in order to ensure that
the equipment installed meets the updated code changes. Additionally,
contractors must ensure that equipment is installed in accordance to
compliance documents.

Inspection Phase: Compliance documents Nonresidential Certificate of
Compliance (NRCC)-MCH-E and NRCC-PLB-E would need to be revised. The
compliance document would need to be updated to document the weighted
thermal efficiency, the return temperature and flow rates of the boiler(s) and
water heater(s).

Field Verification and Acceptance Testing
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This measure does not require field verification or acceptance testing. Compliance with
these requirements can be demonstrated through updated certificate of compliance
documents (NRCC-PLB-E and NRCC-MCH-E) in order to document weighted thermal
efficiencies and the hot water return system specifications. Section 2.5 contains
additional information regarding compliance.
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1. Introduction

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

1. Statewide energy impacts and percentage of commercial floorspace within the
scope of the proposed submeasures, specifically whether these impacts are
underestimated

2. Incremental equipment costs, with an emphasis on costs related to oxygen
concentration control

3. Materials costs and impacts for all submeasures
4. Assumptions regarding runtimes and stack temperatures for process boilers

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

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

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

The overall goal of this CASE Report is to present a code change proposal for high
efficiency boilers and service water heating. The report contains pertinent information
supporting the code change.

When developing the code change proposal and associated technical information
presented in this report, the Statewide CASE Team worked with a number of industry
stakeholders. For the gas boiler system submeasure and service water heating
submeasures, manufacturers, engineering professionals, energy efficiency researchers
provided valuable guidance and information for the Statewide CASE Team. For the
oxygen concentration submeasure, researchers, boiler manufactures, and Title 24
energy analysts provided essential guidance based upon field experience and previous
CASE reports. The proposal incorporates feedback received during a public stakeholder
workshop that the Statewide CASE Team held on October 15, 2019, and March 12,
2020. Notes from these stakeholder meetings can be found in the references section of
this CASE Report (Statewide CASE Team 2019).

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

e Section 2 of this Draft CASE Report provides a description of the measure and
its background. This section also presents a detailed description of how this code
change is accomplished in the various sections and documents that make up the
Title 24, Part 6 Standards.

e Section 3 — In addition to the Market Analysis section, this section a review of the
current market structure. Section 3.2 describes the feasibility issues associated
with the code change, including whether the proposed measure overlaps or
conflicts with other portions of the building standards, such as fire, seismic, and
other safety standards, and whether technical, compliance, or enforceability
challenges exist.

e Section 4 — Energy Savings presents the per-unit energy, demand reduction, and
energy cost savings associated with the proposed code change. This section
also describes the methodology that the Statewide CASE Team used to estimate
per-unit energy, demand reduction, and energy cost savings.

e Section 5 — This section includes a discussion and presents analysis of 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.

e Section 6 — First-Year Statewide Impacts presents the statewide energy savings
and environmental impacts of the proposed code change for the first year after
the 2022 code takes effect. This includes the amount of energy that would be
saved by California building owners and tenants and impacts (increases or
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reductions) on material with emphasis placed on any materials that are
considered toxic by the State of California. Statewide water consumption impacts
are also reported in this section.

Section 7 — Proposed Revisions to Code Language concludes the report with
specific recommendations with strikeeut (deletions) and underlined (additions)
language for the standards, Reference Appendices, Alternative Calculation
Method (ACM) Reference Manual, compliance manual, and compliance
documents.

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

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

Appendix E: 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: Nominal Savings Tables presents the energy cost savings in
nominal dollars by building type and climate zone.
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2. Measure Description

2.1 Measure Overview

The four code change proposals that the Statewide CASE Team is recommending are
described below. These proposals aim to improve the energy performance of large
boiler systems used for space and water heating and gas service water heating
systems. The two proposals that impact the minimum thermal efficiency of high-capacity
boiler and gas service water heating systems are closely modeled on requirements that
are in ANSI/ASHRAE/IES Standard 90.1-2019 — Energy Standard for Buildings Except
Low-Rise Residential Buildings (ASHRAE 90.1-2019).

2.1.1 Gas Boiler Systems

The proposed prescriptive requirements for gas boiler systems would raise the
minimum thermal efficiency of gas-fired hot water boiler systems for space heating to a
weighted-thermal efficiency of 90 percent. This change impacts gas hot water boiler
systems of capacities between 1 and 10 MMBtu/h installed in any type of building
including all newly constructed nonresidential buildings and large multifamily buildings.
Boilers within the same building but on separate loops are not considered to be a part of
the same system. Weighted thermal efficiencies are calculated based off the input each
boiler provides to the total system capacity. For instance, if there are two individual
boilers that are a part of a system, one with a capacity of 1 MMBtu/h and efficiency of
95 percent and the other with a capacity of 500,000 Btu/h and efficiency of 90 percent,
the weighted thermal efficiency is 93.3 percent. Space heating boilers installed in
individual dwelling units would not be included in the calculation of thermal efficiency.
Additionally, individual gas boilers with input capacity less than 300,000 Btu/h would not
be included in calculations of the total system input or thermal efficiency. That is, when
calculating whether or not the proposed standard is triggered by the capacity of the
boiler systems, boilers with capacity less than 300,000 Btu/h are not included.
Furthermore, if the boiler system is within the impacted capacity threshold boilers with
capacities less than 300,000 Btu/h are not included in the weighted system thermal
efficiency. Table 5 below shows what system and individual level thresholds trigger this
requirement for gas boilers.

This measure would also add two requirements for the hot water distribution system that
aim to optimize condensing operation:

1. Hot water return entering the boiler(s) must be 120°F or less.

2. Flow rates for supply hot water that recirculates directly into the return system
must be no greater than 20 percent of the design flow of the operating boiler.
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The proposal includes a trade-off wherein boiler systems do not need to meet the
thermal efficiency and hot water distribution design requirements if 25 percent of the
annual space heating requirement is provided by on site renewable energy, site-
recovered energy, or heat recovery chillers or where half or more of the design heating
load is served using perimeter convective heating, radiant ceiling panels, or both.

2.1.2 Gas Service Water Heating Systems

The proposed code change would require gas service hot water heating systems of
capacity 1 MMBtu/h or greater to have a minimum weighted thermal efficiency of at
least 90 percent. The revisions to the prescriptive requirements would impact newly
constructed nonresidential buildings and large multifamily buildings. Water heating
systems that serve individual dwelling units would not need to comply. Multiple gas
service hot water heating units must also meet this requirement if their combined input
capacity is above 1 MMBtu/h. These systems can meet the requirement in one of two
ways: all individual units have a thermal efficiency above 90 percent or the water-
heating input provided by the individual equipment provides an input capacity-weighted
average thermal efficiency of at least 90 percent. Individual gas water heaters with input
capacity less than 100,000 Btu/h are excepted from efficiency and input-capacity
calculations.

The proposed code change would include an alternative prescriptive pathway in which
service hot water heating systems do not need to meet efficiency requirements if 25
percent of the annual service water-heating requirement is provided by site-solar or site
recovered energy.

Table 5 below shows what system and individual level thresholds trigger this
requirement for gas service water heating and gas boilers.

Some service water heating systems can be used to provide space heating in addition
to service water heating. These integrated units must comply with the proposed thermal
efficiency requirements for service water heating systems.

Table 5: System and Individual Unit Thresholds of Proposed Requirements

System Type System Threshold (Btu/h)  Minimum Individual
Unit Threshold (Btu/h)

Gas Service Water Heating =1 million 100,000

Gas Boilers 2 1 million and < 10 million 300,000

2.1.3 Oxygen Concentration

Heat exchange in boilers is more efficient when oxygen concentrations are within the
optimal range. Existing code requirements that address excess stack-gas oxygen
concentrations in commercial and process boilers result in boilers operating at higher
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levels of thermal efficiency. The proposed changes would adjust the stack-gas oxygen
concentration requirements for both commercial new construction and process new
construction and retrofit boilers. The proposal would establish an oxygen concentration
requirement of 3 percent for commercial and process boilers with input capacity of at
least 5 MMBtu/h or greater. This change also simplifies the code so all boilers that are
subject to oxygen concentration requirements must maintain a concentration of 3
percent or less. Previously, the concentration requirements varied by system capacity
and a 5 percent level of oxygen concentration was required for process boilers with
input capacities between 5 and 10 MMBtu/h. For commercial buildings, this requirement
would impact boilers installed with new construction and for processes, this update
would impact all newly installed boilers. For both commercial and process boilers, the
Statewide CASE Team recommends a clarification that the combustion air volume be
controlled only by flue gas concentration, eliminating the option to control based on
firing rate. Currently, commercial boilers with steady state full-load thermal efficiency of
85 percent or higher are not required to meet oxygen concentration requirements. This
exception would be eliminated.

2.2 Measure History

2.21 Gas Boiler Systems and Gas Service Water Heating

Boilers transfer heat from the combustion process to a heating medium, in this case
water, for use in space or domestic heating applications. Figure 1 below shows the
essential components of a standard boiler. More efficient units often utilize efficient
burner designs and feature elements such as forced air burners and relatively larger
heat exchange surfaces. Boiler system efficiency is assessed in terms of thermal
efficiency, which incorporates both combustion efficiency, radiation, and convection
losses. Generally, this measurement represents the percentage of useful thermal
energy captured during the combustion process.

Boilers capable of achieving efficiencies above 90 percent utilize larger heat
exchangers and recuperate additional thermal energy through the flue gas. These high
efficiency boilers are referred to as condensing products because they can condense
moisture out of flue gas, recovering latent heat from water vapor; the removal of this
latent heat results in lower flue gas temperatures than traditional boilers. Figure 2 below
shows the essential features of a condensing boiler. These lower flue gas temperatures
may impact the ability of combustion gases to escape through traditional atmospheric
venting. Additionally, the recovered liquid condensate is acidic and requires proper
disposal through non-corrosive piping. Condensing products, including boilers and
water heaters, utilize stainless steel for use in heat exchangers to prevent corrosion
from this acidic condensate.
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Gas service water heating is generally provided through one of three different types of
equipment. The first type are storage water heaters that often utilize a glass lined steel
tank, foam insulation, and a heat exchanger coil or flue running through the center of
the tank, which is heated through a gas burner at the bottom of the tank. The hot gases
from the combustion process ascend through the flue or heat exchanger coil and
transfer heat to the surrounding water in the tank. Storage units maintain water in the
tank at a constant temperature and heat is lost through the tank while awaiting a hot
water draw.

The second type of commercial water heater are tankless models. The burner in
tankless models is activated when a minimum water draw occurs. The burner then
heats an exchanger, cold water enters the unit, and ascends through this heat
exchanger where the combustion heat is transferred to the water. The third type of
commercial water heater are larger, volume water heaters which operate as commercial
boilers, discussed above. Storage, tankless, and volume water heaters may be
condensing, or non-condensing, and condensing versions utilize the same technologies
and have the same venting and condensate disposal considerations as condensing
boilers.

All technologies that meet or exceed the proposed minimum system thermal efficiency
standards would require condensing capability. While this proposal does not require that
new buildings have all condensing water heaters, in order to achieve 90 percent
weighted thermal system efficiency, the majority of the system capacity must be met by
condensing water heaters or boilers. Condensing technologies for space heating
equipment have been in existence for over two decades and represent a relatively
mature market. Overall, condensing products can achieve energy savings of at least 10
percent compared to standard products (Consortium for Energy Efficiency 2001).

Condensing boilers and service water heaters operate at thermal efficiencies of 90
percent or more. This level of thermal efficiency is above the federal appliance
standards that impact boilers manufactured on after January 10, 2023, which mandate
thermal efficiency levels of 84 or 85 percent for commercial boilers in the scope of this
measure (DOE n.d.). More information is given as to the specific federal standards for
high-capacity individual boilers in Section 2.4.3.1.
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Figure 1: Diagram of conventional boiler.

Source: http://mn.gov/commerce-stat/pdfs/card-cee-slides.pdf

Figure 2: Diagram of condensing boiler.

Source: http://mn.gov/commerce-stat/pdfs/card-cee-slides.pdf

The hot water distribution system design requirements for high capacity boilers help to
ensure that efficient condensing operation occurs. In order to operate as efficiently as
possible, the heat exchanger needs to capture the energy given off during
condensation. Thus, the more condensation that occurs the more energy that can be
extracted. Low return water temperatures allow more condensing to occur as there is
significant heat transfer from gases below the condensation point (Center for Energy
and Environment 2018). If water returns to the boiler at temperatures well above 120°F,
condensing is not likely to occur, and the thermal efficiency of the boiler system will not
reach 90 percent. Figure 3 below shows relationship between boiler efficiency and
return water temperature. Similarly, the flow rate requirements that returning water flows
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are at least 20 percent less than the design flow increases the likelihood that the boiler
system will operate in the condensing range by increasing the amount of time the
heating medium, water, comes in contact with the heat exchanger.
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Figure 3: Relationship between boiler efficiency and return water temperature.

Minimum system thermal efficiency of 90 percent for gas-fired hot water heating
systems has been a part of ASHRAE 90.1 model code since 2016. The proposed
minimum system thermal efficiency of 90 percent for gas-fired boiler systems and hot
water distribution system requirements was added to ASHRAE 90.1 in 2020 as a part of
Addendum BC. Harmonizing with these current ASHRAE standards would help realize
significant, cost-effective energy savings. Given that there are federal appliance
regulations for boiler systems, preemption is an important consideration of this
proposal's establishment of minimum system efficiency requirements for high capacity
boilers. This proposal was written in a precise manner to avoid federal preemption.
More information on preemption issues are discussed on Section 2.4.3.

2.2.2 Oxygen Concentration

Systems that measure various flue gas constituents to increase combustion efficiency,
such as oxygen trim control, have been sold by multiple manufacturers for over 30
years (Ultrasystems 1983). There are various combustion control strategies including
fixed position parallel control, parallel positioning control, and oxygen trim control. Fixed
position parallel control and parallel positioning control can achieve stack-gas oxygen
levels of 4.5-8 percent and 4-6 percent, respectively, by adjusting fuel and air
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positioners based on firing rate (Farthing n.d.). Oxygen trim control measures excess
oxygen and “provides feedback to the burner controls to automatically minimize excess
combustion air and optimize the air-to-fuel ratio” (DOE 2012). Oxygen trim controls aid
in the combustion process by balancing the oxygen ratios of excess air so the most
efficient performance occurs. While commenters have indicated that multiple
technologies may potentially be able to achieve the required levels, the only approach
to achieve a 3 percent stack-gas oxygen concentration that the Statewide CASE Team
has been able to verify utilizes oxygen trim control technology. Oxygen trim controls are
either sold with a new boiler or as an aftermarket add-on.

In 2013, an oxygen concentration level requirement of 5 percent was added in Title 24,
Part 6 for commercial boilers with rated input of at least 5 MMBtu/h. Similarly, oxygen
concentration level requirements of 5 percent and 3 percent for process boilers above 5
MMBtu/h and 10 MMBtu/h, respectively, were added to Title 24, Part 6 in the 2013 code
cycle. The measures have achieved significant savings (California Statewide Utilities
Codes and Standards Team 2012). This Draft CASE Report proposes simplifying the
code language and making a single stack-gas oxygen concentration requirement of 3
percent for process and commercial boilers larger than 5§ MMBtu/h. The 2013 Final
CASE report on process boilers showed that an oxygen trim control level of 3 percent
was nearly cost effective for boilers with inputs of 5 MMBtu/h and was cost-effective for
boilers with inputs at 5.5 MMBtu/h or more. Due to changes in the market since this
revision, this report shows the measure is now cost-effective.

2.3 Summary of Proposed Changes to Code Documents

The sections below summarize how the standards, Reference Appendices, Alternative
Calculation Method (ACM) Reference Manuals, and compliance documents would be
modified by the proposed change. See Section 7 of this report for detailed proposed
revisions to code language.

2.3.1 Summary of Changes to the Standards
This proposal would modify the following sections of the California Energy Code as
shown below. See Section 7.2 of this report for marked-up code language.

Section 120.6 - MANDATORY REQUIREMENTS FOR SPACE-CONDITIONING
EQUIPMENT

e Section 120.6 Table 110.2-K: Gas- and Oil-Fired Boilers, Minimum
Efficiency requirements: Aligns minimum efficiency requirements for hot water
and steam boilers with updates in federal code (see Section 2.4.3.1 for more
information on updated federal code).

Section 120.6 - MANDATORY REQUIREMENTS FOR COVERED PROCESS
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Section 120.6(d): Mandatory Requirements for Process Boilers: The
proposed requirement adjusts the oxygen concentration requirements for all
newly installed process boilers above 5 MMBtu/h to less than or equal to 3
percent. This would be accomplished by eliminating Section 120.6(d)3 and
adjusting the capacity requirement in Section 120.6(d)4 from 10 to 5 MMBtu/h.
The proposal also clarifies that stack-gas oxygen concentration must be
maintained, removing the word “excess” from code language.

Section 120.9 —- MANDATORY REQUIREMENTS FOR COMMERCIAL BOILERS

Section 120.9(c): The proposed requirement reduces the oxygen concentration
to less than or equal to 3 percent by volume on a dry basis over firing rates of 20
percent to 100 percent for boilers installed in new construction with capacities at
or above 5 MMBtu/h. The current exception for boilers with thermal efficiencies
above 85 percent would be eliminated. The proposed requirement would
eliminate the option of controlling combustion air volume with firing rates. The
proposal also clarifies that stack-gas oxygen concentration must be maintained
by, removing the word “excess” from code language.

Section 140.4 — PRESCRIPTIVE REQUIREMENTS FOR SPACE CONDITIONING
SYSTEMS

Section 140.4(k) Hydronic System Measures

Section 140.4(k)8: Creates a minimum thermal efficiency level of 90 percent for
gas fired water heating boiler systems in newly constructed nonresidential and
high-rise residential buildings. Establishes hot water distribution flow rate,
temperature, and supply requirements for high-capacity boiler systems with input
capacity between 1-10 MMBtu/h. There are four added exceptions to this
requirement. These exceptions remove the following boilers from the thermal
efficiency requirements: space heating boilers installed in individual dwelling
units, space heating boilers where 25 percent of the capacity is provided by clean
or recovered energy, and boilers where 50 percent or more of the design heating
load is served using perimeter convective heating or radiant ceiling panels.
Additionally, gas boilers with input capacity of less than 300,000 Btu/h are not
included in the calculation of system input or efficiency.

Section 140.5 - PRESCRIPTIVE REQUIREMENTS FOR SERVICE WATER
HEATING SYSTEMS

Section 140.5(a): Adds new requirement for nonresidential service water heating
systems with capacities at or above 1 MMBtu/h that is detailed in 140.5(c).

Section 140.5 (b): Adds new requirement for high-rise residential and
motel/hotel service water heating systems with capacities at or above 1 MMBtu/h
that is detailed in 140.5(c).

Section 140.5(c): Creates a minimum thermal efficiency level of 90 percent for
gas service water-heating systems in newly constructed nonresidential and high-
rise residential buildings. Section 140.5(c) includes three exceptions.
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2.3.2 Summary of Changes to the Reference Appendices
The proposed code change would not modify the Reference Appendices.

2.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

The proposed code change would modify the following sections of the Nonresidential
ACM Reference Manual.

SECTION 5.8 HVAC PRIMARY SYSTEMS

e 5.8.1 Boilers: Would be updated to add thermal efficiency requirements to the
“boiler efficiency” table. The thermal efficiency would only be applicable to gas
fired hot water boilers. The “hot water return temperature” table would be
modified to reflect the new hot water design temperature requirements. A new
table titled “Supply hot water flow rate” would be created in order to include the
hot water flow rates for boilers.

SECTION 5.9 MISCELLANEOUS ENERGY USES
e 5.9.1.2 Water Heaters: Would be updated to add the updated water heater
thermal efficiency levels to the “thermal efficiency” table. See Section 7.4 of this
report for the detailed proposed revisions to the text of the ACM Reference
Manual.
2.3.4 Nonresidential Compliance Manual
The proposed code change would modify the following sections of the Nonresidential
Compliance Manual:

e Chapter 4, Subsection 4.2.2 would be updated to indicate that there are
efficiency levels in Title 24, Part 6 for certain service water heaters and gas
boilers

e Chapter 4, Subsection 4.2.9 would be updated to reflect new oxygen
concentration levels.

e Chapter 4, Subsection 4.5.2.6 would be updated to include specifications
regarding hot water distribution design.

See Section 7.5 of this report for the detailed proposed revisions to the text of the
compliance manuals.
2.3.5 Summary of Changes to Compliance Documents

The proposed code change would modify the compliance documents listed below.
Examples of the revised documents are presented in Section 7.6.

e NRCC (Nonresidential Certificate of Compliance)-PLB-E would be updated to
include the requirements for service water heating systems in Section 140.5 that
apply to high-rise residential occupancies.
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e NRCC-MCH-E- would be updated various tables to refer to the new performance
standards for high capacity boilers and would add a new table to include the
service water heating requirements.

e NRCC-PRC-E- would be updated to reduce the number of choices for rated input
capacity options for process boilers since the requirements for all boilers larger
than 5 MMBtu/h would be aligned.

24 Regulatory Context
2.41 Existing Requirements in the California Energy Code

2.4.1.1 Existing Requirements for Gas Boiler Systems

The existing efficiency requirements for gas-fired hot water boilers in Title 24, Part 6
Section 110.2 are mandatory requirements that align with federal appliance efficiency
standards. These standards require minimum thermal efficiency of 80 percent for
equipment with capacities between 300,000 Btu/h and 2.5 MMBtu/h and a minimum
thermal efficiency of 82 percent for boilers with capacities above 2.5 MMBtu/h. These
requirements are for individual boilers and not at the system level. There are no current
hot water system distribution design requirements. The proposed code language
includes prescriptive requirements for system level efficiency and hot water distribution
design.

2.4.1.2 Existing Requirements for Gas Service Water Heating

The are no relevant thermal efficiency requirements for service water heating systems
in Title 24, Part 6.

2.4.1.3 Existing Requirements for Oxygen Concentration

Section 120.6(d)3-4 includes oxygen concentration requirements for newly installed
process boilers with input capacities over 5 MMBtu/h. Process boilers between 5 and 10
MMBtu/h must maintain oxygen concentrations at less than or equal to 5 percent by
volume with firing rates of 20 to 100 percent. Process boilers over 10 MMBtu/h must
maintain oxygen concentrations at less than or equal to 3 percent by volume with firing
rates of 20 to 100 percent.

Section 120.9 of Title 24, Part 6 includes oxygen concentration requirements that apply
to newly installed commercial boilers with input capacities at or above 5 MMBtu/h.
These boilers must maintain oxygen concentrations at less than or equal to 5 percent.

For both process and commercial boilers, oxygen concentration is measured by volume
with firing rates of 20 to 100 percent. There is a discrepancy in the current code
pertaining to whether combustion air volume can be controlled based on measured flue
gas oxygen concentration or firing rate.
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2.4.2 Relationship to Requirements in Other Parts of the California Building
Code
There are relevant condensate drainage and control parameters noted in the California
Plumbing Code, Title 24, Part 5. Section 814.1 includes specifics on the condensate
pipe sizing and pump installation. Section 814.4 notes that condensate drain lines from
condensing appliances should be sized according to the manufacturers’ instructions and
drain lines from more than one appliance should be approved by the relevant authority.
Section 807.2 contains specifics on the material make-up of the drainage system for
undiluted condensate waste (California Plumbing Code n.d.).

The condensate parameters in the California Plumbing Code noted above for gas boiler
systems also apply to service water heating systems. Additionally, Appendix L Section
503.4.3 contains the same thermal efficiency levels for high-capacity service water
heating systems as this proposal (California Plumbing Code n.d.).

2.4.3 Relationship to Local, State, or Federal Laws

2.4.3.1 Gas Boiler Systems

Currently, the federal government minimum efficiency requirements for commercial
boilers with rated input between 300,000 Btu/h and 2.5 MMBtu/h is 80 percent thermal
efficiency (DOE n.d.). The federal efficiency requirements for gas fired hot water boilers
with capacity above 2.5 MMBtu/h is a combustion efficiency of 82 percent (DOE n.d.).
These requirements are referenced in Table 110.2-K of Title 24, Part 6.

An amendment to the federal register, that was published January 10, 2020, would raise
the minimum efficiency requirements for gas-fired hot water boilers with rated input
between 300,000 Btu/h and 2.5 MMBtu/h to 84 percent thermal efficiency. The minimum
thermal efficiency for gas-fired hot water boilers with rated input between 2.5 MMBtu/h
and 10 MMBtu/h will be 85 percent (DOE 2016). The amendment notes that that this
standard will apply to all boilers manufactured on or after January 10, 2023.

There are no other relevant federal, state or local laws for gas boilers.

2.4.3.2 Gas Service Water Heating

The existing efficiency requirements for gas-fired water heaters in Title 20 Section
1605.1(f) are mandatory requirements that align with federal appliance efficiency
standards. These requirements include a thermal efficiency of 80 percent, along with
maximum levels of standby loss determined by tank size through a volumetric formula
for storage style water heaters (Westlaw n.d.). Additionally, Title 24, Part 6 Section
110.3 contains requirements on the installation and temperature controls of service
water heating equipment. There are no other relevant federal, state or local laws for gas
service water heating systems.
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2.4.3.3 Oxygen Concentration

There are no current oxygen trim controls requirements at the federal, state or local
level. As these controls can be added to boilers with minimum federal efficiencies, these
controls are not preempted by federal efficiency standards.

2.4.3.4 Pre-emption Considerations

Boilers and water heaters operating at 80 or 82 percent would not be able to meet the
proposed system thermal efficiencies of 90 percent. Since commercial boilers and water
heaters are federally covered products, states are pre-empted from setting standards
above the federal minimum standards under 42 U.S.C. 6313 (Legal Information Institute
n.d.). However, states can adopt higher efficiency levels for federally regulated products
if two conditions are met according to 42 U.S.C. 6316 (Legal Information Institute n.d.).
The first is that the standard does not exceed the energy efficiency of the product in an
amended ASHRAE/IES (llluminating Engineering Society) Standard. The second is that
the building code does not take effect prior to the applicable in ASHRAE/IES Standard.
Addendum BC of ASHRAE 90.1 establishes the minimum weighted thermal efficiencies
of high capacity gas-fired boiler hot water systems to be 90 percent. Addendum BC of
ASHRAE 90.1 should be adopted in January 2020 and will thus take effect before the
new Title 24, Part 6 standards in January 2023. Therefore, California can adopt this
standard in the 2022 Title 24 code change cycle. Section 7.5.3 of ASHRAE 90.1
includes the thermal weighted efficiency requirements for gas service hot water heating
systems that this proposal recommends, and this section of ASHRAE has been in effect
since 2016.

2.4.4 Relationship to Industry Standards

As demonstrated above, the aim of this proposal is to align with the gas-fired boiler
water heating system and gas service water heating system thermal efficiency
requirements in ASHRAE 90.1-2019. The federal exception to preemption under 42
U.S.C. 6316 requires alignment between the proposed building code and current
ASHRAE requirements. Therefore, this proposal matches those requirements in
ASHRAE 90.1.

2.5 Compliance and Enforcement

When developing this proposal, the Statewide CASE Team considered methods to
streamline the compliance and enforcement process and how negative impacts on
market actors who are involved in the process could be mitigated or reduced. This
section describes how to comply with the proposed code change. It also describes the
compliance verification process. Appendix E presents how the proposed changes could
impact various market actors.
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The activities that need to occur during each phase of the project are described below:

Design Phase: First, the HVAC design team identifies if a given project triggers
these efficiency requirements noted in Table 5. If the requirements apply to the
building, the designer would need to calculate the weighted thermal efficiency
using a straightforward calculation. Doing so would be a new step in the process
for the design team. The HVAC designer would also need to complete the
updated NRCC-MCH-E form. The plumbing designer would ensure that the new
version of the NRCC-PLB-E is properly filled out and ensures that the proposed
flow rate and supply water return temperature is met along with the proposed
oxygen trim control levels.

Permit Application Phase: During the permit application phase, the project
team would submit design documents that include the individual boiler/water
heater specifications, weighted thermal efficiencies for all equipment noted in
Table 5, boiler flow rates and temperatures, and oxygen combustion control
specifications. Specifications for the thermal efficiency for boilers and water
heaters along flow rate and return water temperatures is a new metric to include
in permit applications that must be noted by project teams. NRCC-MCH-E and
NRCC-PLB-E would need to be updated to adhere to these new changes. The
plans examiner would need to understand the code updates as well as the
relevant exceptions to the change.

Construction Phase: During the construction phase, the general contractor
needs to be aware of the new weighted thermal efficiency metric to ensure that
the equipment installed meets the updated code changes. This weighted thermal
efficiency metric would be an average of each individual boiler and water heaters
thermal efficiency weighted by heat input. Additionally, contractors must ensure
that equipment is installed in accordance to compliance documents. Proper
installation should be documented by the project team. The installers would need
to ensure that all applicable nonresidential certificates of installation and
acceptance, including NRCI-MCH-01, NRCI-PLB-01, and NRCI-PRC-01, are
completed properly to meet the updated requirements.

Inspection Phase: The boiler or hot water system installers would need to
accurately complete the Certificates of Acceptance documents NRCA- MCH-09
and NRCA-MCH-017. Lastly, the installing agent would need to complete the
Certificate of Installation NRCI-MCH-01-E. These three forms would be provided
to the building inspector to verify compliance. The building inspector would verify
that the NRCC, NRCA, and NRCI are consistent with what is installed and would
issue a certificate of occupancy.
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Changes in the compliance process would primarily impact the workflows for HYAC and
plumbing designers, plans examiner, and contractors. Both sets of designers as well as
plans examiners would need to be aware of the new thermal efficiency calculations and
include this in their equipment schedules. Additionally, contractors bidding on individual
pieces equipment would need to ensure that boilers are chosen in a manner that allows
system weighted thermal efficiency to meet the proposed levels. Calculating weighted
thermal efficiencies with multiple boiler or water heaters should not pose a significant
problem for these market actors, as weighted thermal efficiency is a well-known metric
in the mechanical field. Additionally, the Statewide CASE Team recommends that
design documents show weighted and individual efficiencies, which would streamline
the weighted efficiencies calculation process for HYAC and plumbing designers. Plans
examiners would need to verify that the weighted efficiencies were calculated correctly.

HVAC designers would also need to include flow rates and return water temperature in
their plumbing specifications. Plans examiners would compare the updated compliance
document with the hot water design specifications on the equipment schedule. To assist
with this process, the Statewide CASE Team has proposed code language and
compliance document that succinctly show the hot water system design requirements.
Additionally, the Statewide CASE Team is reaching out to members of the industry to
determine the most effective ways to verify these flow rate and water temperature
requirements.

The proposed revisions to the stack-gas oxygen concentration requirements would
simplify the compliance process. Oxygen concentration requirements have been in Title
24, Part 6 since the 2013 code, so all market actors are familiar with the requirements
and accustom to the compliance process. The changes would simplify the code by
eliminating variation in the maximum concentration allowances based on boiler
capacity. Instead of determining if the boiler needs to meet a 5 percent or 3 percent
stack-gas oxygen concentration, if any boiler meets the capacity threshold it must meet
the 3 percent capacity. The Statewide CASE Team has learned that large boiler
manufacturers typically calibrate oxygen levels upon installation and is still in the
process of determining what field verification process, if any, is necessary for these
oxygen concentration requirements. These boiler systems would be verified in the same
manner as boilers with capacities over 10 MMBtu/h currently are. The proposed
changes eliminate the exception based on boiler thermal efficiency, which would further
simplify the compliance process because determining what triggers the requirements
would be easier. Finally, the proposed changes simplify compliance verification by
clarifying that oxygen concentration should be controlled based flue gas concentration
for all boilers regardless of size and application. The updated NRCC’s would clearly
show what boiler systems fall under the scope of the oxygen trim control requirements.
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The Statewide CASE Team will be working closely with the Energy Commission as they
make updates to the compliance manual, the compliance document, and the
compliance software. See Appendix D for proposed revisions to the compliance
software.
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3. Market Analysis

3.1 Market Structure

The Statewide CASE Team performed a market analysis with the goals of identifying
current technology availability, current product availability, and market trends. The
Statewide CASE Team 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 measures. Estimates of market
size and measure applicability were identified through research and outreach with
stakeholders including utility program staff, Energy Commission staff, and a wide range
of industry actors. In addition to conducting personalized outreach, the Statewide CASE
Team discussed the current market structure and potential market barriers during public
stakeholder meetings that the Statewide CASE Team held on October 15, 2019, and
March 12, 2020.

According to a report compiled by the Consortium for Energy Efficiency (CEE), the
typical distribution channels for a commercial boiler includes five primary market actors:
manufacturer, manufacturer representative or wholesaler, mechanical contractor,
design engineer, and owner (Chapman 2015). The distribution channels for a
commercial water heater consists of the same market actors, performing the same core
functions. Oxygen trim controls are either sold with a new boiler or as an aftermarket
add-on by a boiler controls manufacturer or manufacturer representative. When sold
with a new boiler, the sales channel is the same. The Statewide CASE Team has
reached out to members of the oxygen trim control industry for more information
regarding sales and distribution channels.

In new construction, it is most common for the building owner to work with a design
engineer or contractor to plan and specify the boiler or water heating system. The
design engineer or contractor would then contact a manufacturer or wholesaler to
purchase equipment that meets the specifications (channel 3 in Figure 5 below).
Manufacturer representatives handle the majority of large boiler and water heater sales.
That said, there are several other pathways in which an owner can procure a new boiler
as demonstrated in the table below (Chapman 2015).
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Manufacturer ([N -

Manufacturer *Repmsentative Design
or Wholesaler — > Engineer Crmer

» Contractor ‘

“ [nternal design or direct replacement

Uvwner uses a design engineer, but deals with the manufacturer representative directly

Primary distribution uses a design engineer who plans and specifies job to a contractor

o Owmner works with contractor o design-build the boiler, mostly for large installations

Figure 3: Nonresidential boiler and service water heater distribution channels.

Source: https://library.cee1.org/system/files/library/7543/CEE_ComBoilerSystems _InitiativeDescription 2015 FINAL.pdf

Table 6 summarizes the market actors and their potential core functions for the various
pathways detailed in Figure 3; the most common functions are ordered from first to last.

Table 6: Nonresidential Boiler and Service Water Heater Market Actors and Roles

Market Actor Potential Core Functions

Manufacturers Production

Manufacturer Representative or  Distribution of Product, Specifying Equipment,
Wholesaler Logistics, Installation

Design Engineer Specifying Equipment, Logistics, Installation
Contractor Installation, Specifying Equipment, Logistics
Owner Decision Maker

3.2 Technical Feasibility, Market Availability, and Current Practices

3.2.1 Gas Boiler Systems

The Statewide CASE Team does not expect any technical feasibility concerns because
condensing boilers are a mature technology. The proposed minimum system thermal
efficiency of 90 percent for gas-fired boiler systems and hot water distribution system
requirements was added to ASHRAE 90.1 in 2019 as a part of Addendum BC.
According to a report published by the United States General Services Administration
(GSA), new construction applications space heating systems for commercial buildings
can be designed for optimal use with condensing boilers (Parker and Blanchard 2012).
Furthermore, the National Renewable Energy Laboratory states that condensing boilers
“have been available in the marketplace for approximately 30 years” (Cutler 2014).
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According to data from the Air-Conditioning, Heating, and Refrigeration Institute (AHRI),
there are 46 different manufacturers with gas-fired commercial boilers. Of those
manufacturers, 42 have at least one model listed with a thermal efficiency of 90 percent
or greater. Products are widely available by many manufacturers that will meet the
system efficiency requirements for the proposed measure. The Statewide CASE Team
received written and verbal feedback from major manufacturers: Aerco, Laars,
Lochinvar and Bradford White.

The main installation considerations for this measure surround venting and condensate
management. “The venting and condensate drainage must include corrosion-resistant
materials. An alternative option for condensate is to incorporate a neutralization kit that
will increase the pH of the condensate, allowing it to be safely disposed of down copper
drains” (O'Donnell 2011). Operational requirements of a condensing system also require
a Category IV vent stack that operates at positive pressure and can handle the acidic
nature of the exhaust gas, therefore venting via the existing stack may not be an option
for retrofits. While the venting materials are no more expensive compared to what is
used on a minimally compliant boiler today, the condensate management systems are
included in the incremental measure cost analysis.

The Statewide CASE Team reviewed several workpapers published by the California
Public Utilities Commission (CPUC) for service water heating measure information.
Workpaper WPSCGNRWH120206C, Revision 6 for Commercial Hot Water Boilers,
published by SoCalGas in 2016, confirms the measure life is 20 years and the savings
are persistent. As such, and because it is a conservative approach, it is expected that
condensing boilers would effectively deliver savings over a full period of analysis used
in the cost-effectiveness analysis presented in this report.

3.2.2 Gas Service Water Heating

The Statewide CASE Team does not expect any technical feasibility concerns because
condensing water heaters are a mature technology. Minimum system thermal efficiency
of 90 percent for gas-fired hot water heating systems has been a part of ASHRAE 90.1
model code since 2016.

According to data from AHRI, there are 30 different manufacturers with gas-fired
commercial water heaters. Of those manufacturers, 26 have at least one model listed
with a thermal efficiency of 90 percent or greater. Products are widely available by many
manufacturers that will meet the system efficiency requirements for the proposed
measure. The Statewide CASE Team received written and verbal feedback from major
manufacturers of this equipment including A.O. Smith, Bradford White, Rheem, Cleaver-
Brooks, and Lochinvar.

As with condensing boilers, the main installation considerations for this measure
surround venting and condensate management. “The venting and condensate drainage
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must include corrosion-resistant materials. An alternative option for condensate is to
incorporate a neutralization kit that will increase the pH of the condensate, allowing it to
be safely disposed of down copper drains” (O'Donnell 2011). Operational requirements
of a condensing system also require a Category IV vent stack that operates at positive
pressure and can handle the acidic nature of the exhaust gas, therefore venting via the
existing stack may not be an option for retrofits. As this proposal only applies to new
construction, sidewall venting is the most likely approach to address this consideration.
While the venting materials are no more expensive compared to what is used on a
minimally compliant water heater today, the condensate management systems are
included in the incremental measure cost analysis.

The Statewide CASE Team reviewed several Workpapers published by the CPUC for
service water heating measure information. PGECOHVC101, Revision 5 for Space
Heating Boiler’s, published by PG&E in 2016, confirms the measure life is 20 years and
the savings are persistent. Service water heating is provided by a variety of different
technologies including storage, tankless and volume water heaters, as well as boilers
utilizing an indirect tank. While these products may experience different expectant
useful lifetimes, these condensing products last as long as standard efficiency models.
Furthermore, as the workpaper indicates, performance does not decline over the
effective useful life due to the nature of condensing technology.

3.2.3 Oxygen Concentration

The Statewide CASE Team does not expect any technical feasibility concerns because
oxygen concentration controls are a mature technology. Specifically, oxygen
concentration requirements for process and commercial boilers were added to Title 24,
Part 6 in the 2013 cycle. Boilers with capacities between 5-10 MMBtu/h are required
achieve oxygen concentrations of 5% which can be achieved through parallel
positioning or oxygen trim controls; according to stakeholder feedback many of the
boilers of this size achieve these requirements through oxygen trim control. Process
boilers are required to achieve oxygen concentrations of 3% which can only be
achieved through oxygen trim control. Since these oxygen concentration levels are part
of current code requirements, the market is familiar with installing oxygen trim
technology. The Statewide CASE Team engaged manufacturers of this equipment
including Autoflame, Patterson-Kelly and Clever-Brooks, but there is no known
comprehensive database of oxygen trim controls manufacturers.

Oxygen trim controls have an expected life equal to the boiler measure, in this case 15
years. Additionally, energy savings from this measure would persist over the life of the
system (CPUC 2011).
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3.3 Market Impacts and Economic Assessments

3.3.1 Impact on Builders

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

California’s construction industry is comprised of about 80,000 business establishments
and 860,000 employees (see Table 7).1 In 2018, total payroll was $80 billion. Nearly
60,000 of these business establishments and 420,000 employees are engaged in the
residential building sector, while another 17,000 establishments and 344,000
employees focus on the commercial sector. The remainder of establishments and
employees work in industrial, utilities, infrastructure, and other heavy construction
(industrial sector).

Table 7: California Construction Industry, Establishments, Employment, and
Payroll, 2018

Construction Sectors Establish Employ Annual
ments ment Payroll

(billions $)

Commercial 17,273 343,513 $27.8
Commercial Building Construction 4,508 75,558 $6.9
Building Equipment Contractors 6,015 128,812 $10.9
Industrial, Utilities, Infrastructure, & Other 4,103 96,550 $9.2
Industrial Building Construction 299 5,864 $0.5

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

The proposed changes to boiler and service water heating thermal efficiency and
oxygen concentration levels would likely affect commercial and industrial builders. 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 8
shows the commercial building subsectors we expect to be impacted by the changes
proposed in this report. Chiefly, contractors that focus on space heating and service

1 Average total monthly employment in California in 2018 was 18.6 million; the construction industry
represented 4.5 percent of 2018 employment.
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heating equipment would be impacted by this proposal. The Statewide CASE Team’s
estimates of the magnitude of these impacts are shown in Section 3.4.

Table 8: Specific Subsectors of the California Commercial Building Industry
Impacted by Proposed Change to Code/Standard, 2018

Construction Subsector Establish Employ Annual

ments ment Payroll

(billions $)

Commercial Building Construction 4,508 75,558 $6,947,883,616
Nonresidential plumbing and HVAC

contractors 2,394 52,977 $4,467,729,771

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

3.3.2 Impact on Building Designers and Energy Consultants

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

Businesses that focus on residential, commercial, institutional, and industrial building
design are contained within the Architectural Services sector (North American Industry
Classification System 541310). Table 9 shows the number of establishments,
employment, and total annual payroll for Building Architectural Services. The code
change proposals the Statewide CASE Team is proposing for the 2022 code cycle
would potentially impact all firms within the Architectural Services sector. The Statewide
CASE Team anticipates the impacts for this measure to affect firms that focus on
nonresidential construction.

There is not a North American Industry Classification System (NAICS)? code specific for
energy consultants. Instead, businesses that focus on consulting related to building

2 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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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 9 provides an upper bound
indication of the size of this sector in California.

Table 9: California Building Designer and Energy Consultant Sectors, 2018

Sector Establishments Employment Annual Payroll

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

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

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

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

3.3.3 Impact on Occupational Safety and Health

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

All proposed code changes will apply to healthcare facilities.
3.3.4 Impact on Building Owners and Occupants

Commercial Buildings

3 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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The commercial building sector includes a wide array of building types, including offices,
restaurants and lodging, retail, and mixed-use establishments, and warehouses
(including refrigerated) (Kenney 2019). Energy use by occupants of commercial
buildings also varies considerably with electricity used primarily for lighting, space
cooling and conditioning, and refrigeration. Natural gas consumed primarily for heating
water and for space heating. According to information published in the 2019 California
Energy Efficiency Action Plan, there is more than 7.5 billion square feet of commercial
floor space in California and consumes 19 percent of California’s total annual energy
use (Kenney 2019). The diversity of building and business types within this sector
creates a challenge for disseminating information on energy and water efficiency
solutions, as does the variability in sophistication of building owners and the
relationships between building owners and occupants.

Building owners and occupants would benefit from lower energy bills. As discussed in
Section 3.4.1, when building occupants save on energy bills, they tend to spend it
elsewhere in the economy thereby creating jobs and economic growth for the California
economy. The Statewide CASE Team does not expect the proposed code change for
the 2022 code cycle to impact building owners or occupants adversely.

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

The Statewide CASE Team does not expect widespread changes to the boiler, service
water heating, or oxygen concentration technology markets. As noted in Section 3.2, the
technologies that meet these proposed requirements are mature and only a portion of
the market would be impacted due to the respective capacity thresholds.

3.3.6 Impact on Building Inspectors

Table 10 shows employment and payroll information for state and local government
agencies in which many inspectors of residential and commercial buildings are
employed. Building inspectors participate in continuing training to stay current on all
aspects of building regulations, including energy efficiency. The Statewide CASE Team,
therefore, anticipates the proposed change would have no impact on employment of
building inspectors or the scope of their role conducting energy efficiency inspections.

Table 10: Employment in California State and Government Agencies with Building
Inspectors, 2018

Sector Govt. Establishments Employment Annual Payroll
(millions $)

Administration of State 17 283 $29.0
Housing Programs?® Local 36 2,882 $205.7
State 35 552 $48.2
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Urban and Rural Local
Development AdminP 52 2,446 $186.6

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

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

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

As described in Sections 3.3.1 through 3.3.6, the Statewide CASE Team does not
anticipate significant employment or financial impacts to any particular sector of the
California economy. This is not to say that the proposed change would not have modest
impacts on employment in California. In Section 3.4, the Statewide CASE Team
estimates that the proposed change would affect statewide employment and economic
output directly and indirectly through its impact on builders, designers and energy
consultants, and building inspectors. In addition, it is estimated how energy savings
associated with the proposed changes in boiler and service water heating thermal
efficiency would lead to modest ongoing financial savings for California residents, which
would then be available for other economic activities.

3.4 Economic Impacts

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

4 IMPLAN (Impact Analysis for Planning) software is an input-output model used to estimate the economic
effects of proposed policies and projects. IMPLAN is the most commonly used economic impact model
due to its ease of use and extensive detailed information on output, employment, and wage information.
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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 impacts associated with this proposed code
change.

Adoption of this code change proposal would result in relatively modest economic
impacts through the additional direct spending by those in the commercial building
industry, architects, energy consultants, and building inspectors. The Statewide CASE
Team does not anticipate that money saved by commercial building owners or other
organizations affected by the proposed 2022 code cycle regulations would result in
additional spending by those businesses.

Table 11: Estimated Impact that Adoption of the Proposed Measure would have
on the California Commercial Construction Sector

Type of Economic Impact Employment Labor Total Value Output
Income Added

Direct Effects (Additional

spending by Commercial

Builders) 81.8 $5,410,948 $7,169,835 $11,859,455
Indirect Effect (Additional

spending by firms

supporting Commercial

Builders) 17.8 $1,294,673 $2,062,537 $3,979,333
Induced Effect (Spending

by employees of firms

experiencing “direct” or

“indirect” effects) 35.6 $2,004,355 $3,586,299 $5,855,155
Total Economic Impacts 135.2 $8,709,975 $12,818,671 $21,693,944

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

Table 12: Estimated Impact that Adoption of the Proposed Measure would have
on the California Building Designers and Energy Consultants Sectors

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

Direct Effects (Additional spending

by Building Designers & Energy

Consultants) 2.2 $230,574 $227,813 $405,235
Indirect Effect (Additional spending

by firms supporting Bldg.

Designers & Energy Consult.) 1.4 $94,971 $128,310 $203,971

2022 Title 24, Part 6 Draft CASE Report — 2022-NR-HVAC3-D | 46



Induced Effect (Spending by
employees of firms experiencing
“direct” or “indirect” effects) 1.7 $97,271 $174,044 $284,150

Total Economic Impacts 54 $422,816 $530,167 $893,356

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

Table 13: Estimated Impact that Adoption of the Proposed Measure would have
on California Building Inspectors

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

Direct Effects (Additional spending by

Building Inspectors) 1.6 $160,003 $189,207 $226,162

Indirect Effect (Additional spending by

firms supporting Building Inspectors) 0.2 $12,704 $20,468 $35,507

Induced Effect (Spending by
employees of Building Inspection
Bureaus and Departments) 0.9 $51,905 $92,859 $151,630

Total Economic Impacts 2.7 $224,612 $302,534 $413,298

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

3.4.1 Creation or Elimination of Jobs

The Statewide CASE Team does not anticipate that code changes proposed for the
2022 code cycle 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 3.4 would lead to modest
changes in employment of existing jobs.

3.4.2 Creation or Elimination of Businesses in California

As stated in Section 3.4.1, the Statewide CASE Team’s proposed change would not
result in economic disruption to any sector of the California economy. The proposed
change represents a modest change to space heating and service water heating
systems 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 or eliminated due to the proposed code changes to the
California Energy Code.

3.4.3 Competitive Advantages or Disadvantages for Businesses in California

The code changes the Statewide CASE Team is proposing for the 2022 code cycle
would apply to all businesses incorporated in California, regardless of whether the
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business is located inside or outside of the state.® Therefore, the Statewide CASE Team
does not anticipate that these measures proposed for the 2022 code cycle regulation
would have an adverse effect on the competitiveness of California businesses.
Likewise, we do not anticipate businesses located outside of California would be
advantaged or disadvantaged.

3.4.4 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).6 As Table 14 shows. between 2015 and 2019, NPDI as
a percentage of corporate profits ranged from 26 to 35 percent, and the average was 31
percent. While only an approximation of the proportion of business income used for net
capital investment, we believe it provides a reasonable estimate of the proportion of
proprietor income that would be reinvested by business owners into expanding their
capital stock.

Table 14: Net Domestic Private Investment and Corporate Profits, U.S.

Year Net Domestic Private  Corporate Profits Ratio of Net Private
Investment by Businesses, After Taxes, Investment to

Billions of Dollars Billions of Dollars Corporate Profits

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

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

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

5 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.

6 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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change in investment by California businesses by multiplying the sum of Business
Income estimated in Table 10 through Table 13 above by 31 percent.

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

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

3.45.1 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. This proposal may increase costs to construct state
buildings such as large offices, but as shown in Section 5.2, all submeasures are cost-
effective.

Cost to Local Governments

All revisions to Title 24, Part 6 would result in changes to compliance determinations.
Local governments would need to train building department staff on the revised Title
24, Part 6 Standards. While this re-training is an expense to local governments, it is
not a new cost associated with the 2022 code change cycle. The building code is
updated on a triennial basis, and local governments plan and budget for retraining
every time the code is updated. There are numerous resources available to local
governments to support compliance training that can help mitigate the cost of
retraining, including tools, training and resources provided by the IOU codes and
standards program (such as Energy Code Ace). As noted in Section 2.5 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.

3.4.6 Impacts on Specific Persons

While the objective of any of the Statewide CASE Team’s proposal is to promote energy
efficiency, we recognize that there is the potential that a proposed update to the 2022
code cycle may result in unintended consequences. The Statewide CASE Team does
not believe there would be negative impacts towards one any specific persons as a
result of this code change proposal.
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4. Energy Savings

41 Key Assumptions for Energy Savings Analysis

As of the Draft CASE Report’s date of publication, the Energy Commission has not
released the final 2022 TDV factors that are used to evaluate TDV energy savings and
cost effectiveness. The energy and cost analysis presented in this report used the TDV
factors that are consistent with the TDV factors presented during the Energy
Commission’s March 27, 2020 workshop on compliance metrics (California Energy
Commission 2020). The electricity TDV factors include the 15 percent retail adder and
the natural gas TDV factors include the impact of methane leakage on the building site.
The electricity TDV factors used in the energy savings analyses were obtained via email
from Energy and Environmental Economics, Inc. (E3), the contractor that is developing
the 2022 TDV factors for the Energy Commission, in a spreadsheet titled “Electric TDVs
2022 - 15 pct Retail Adj Scaled by Avoided Costs.xIsx”. The natural gas TDV factors
used in the energy savings analyses were obtained via email from E3 in a spreadsheet
titted “2022_TDV_Policy _Compliant_CH4Leak_FlatRtIAdd_20191210.xIsx”. The
electricity demand factors used in the energy savings analysis were obtained via email
from E3 in a spreadsheet titled “2022 TDV Demand Factors.xIsx”. The Energy
Commission notified the Statewide CASE Team on April 21, 2020 that they were
investigating further refinements to TDV factors using 20-year global warming potential
(GWP) values instead of the 100-year GWP values that were used to derive the current
TDV factors. It is anticipated that the 20-year GWP values will increase the TDV factors
slightly. As a result, the TDV energy savings presented in this report are lower than the
values that are expected if the final TDV use 20-year GWP values, and the proposed
code changes will be more cost effective using the revised TDV. Energy savings
presented in kWh and therms are not affected by TDV or demand factors.

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

The Energy Commission is developing a source energy metric (energy design rating or
EDR 1) for the 2022 code cycle. As of the date this Draft CASE Report was published,
the source energy metric has not been finalized and the Energy Commission has not
provided guidance on analyses they would like to see regarding the impact of proposed
code changes relative to the source energy metric. Pending guidance from the Energy
Commission, the Final CASE Reports may include analyses on the source energy
metric.
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The Statewide CASE Team used EnergyPlus to conduct the energy savings for all code
change proposals. Energy models are sourced from the California Building Energy
Code Compliance (CBECC) software for commercial buildings (CBECC-Com)
prototypical building models and are modified to include the proposed changes to the
energy standards.

4.1.1 Gas Boiler Systems

The energy savings analysis compares the proposed prescriptive requirement of 90
percent thermal efficiency gas boiler systems to the current efficiency requirement of 80
percent. All other components of the existing conditions are assumed to be minimally
compliant with the 2019 Title 24, Part 6 Standards. CBECC-Com assumes that the
boiler thermal efficiency is solely a function of boiler part-load ratio (PLR). PLR is
defined as the boiler capacity at part load conditions divided by the boiler capacity at
design conditions. The default boiler performance curve is used to determine the boiler
fuel consumption at a given PLR (Equation 1). The values of coefficients C1, C2, and
C3 for Standard Design boilers are listed in the ACM Appendix 5.7.

Normalized Boiler Thermal Ef ficiency = C; + C; X PLR + C3 X PLR?

Equation 1

Where:

C1=0.6267
C2=0.674
C3=-0.3073

PLR = Part-load ratio

4.1.2 Service Water Heating

The submeasure was evaluated using the same methodology that was used for the gas
boiler system submeasure. The energy savings compare the proposed prescriptive
requirement of 90 percent thermal efficiency service water heaters to the current
requirement of 80 percent thermal efficiency for commercial water heaters. All other
components of the existing conditions are assumed to minimally comply with the 2019
Title 24, Part 6 and the minimum appliance efficiency standards. The minimum
appliance efficiency standards are defined by federal regulations and are replicated
under California’s Appliance Efficiency Regulations, Title 20.

4.1.3 Commercial Oxygen Concentration

Table 15 lists the boiler combustion efficiencies at various level of excess oxygen. For
commercial boilers, a flue gas temperature minus combustion air temperature of 200°F
was selected for both the Standard and Proposed Design. Based on feedback and
comments from stakeholder outreach, the thermal efficiencies 84.7 percent and 92.4
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percent were used for the Standard and Proposed Design, respectively. These
efficiencies reflect the combined efficiency of the proposed thermal efficiency
requirement and the incremental performance improvement resulting from increased
oxygen concentration. Energy savings were calculated using CBECC-Com’s
OfficeLarge and SchoolSecondary building prototype models.

Table 15: Combustion Efficiency Table for Natural Gas

Excess percent Combustion Efficiency
Flue Gas Temperature Minus Combustion Air
Temperature, °F
Air | Oxygen 200 300 400 500 600
9.5 2.0 85.4 83.1 80.8 78.4 76.0
15.0 3.0 85.2 82.8 80.4 77.9 75.4
28.1 5.0 84.7 82.1 79.5 76.7 74.0
449 7.0 84.1 81.2 78.2 75.2 721
81.6 10.0 82.8 79.3 75.6 71.9 68.2

Source: (Campbell-Sevey n.d.)

4.1.4 Process Oxygen Concentration

4.1.5 Energy savings calculations for the Process Boiler Oxygen Concentration
measure were performed using a spreadsheet analysis. The methodology
and assumptions are described in Section 4.2.4 with key assumptions
presented in Per-Unit Energy Impacts Results — Process Oxygen
Concentration

Table 35. Boiler efficiency and the impact of reduced oxygen concentration are
impacted by the temperature difference between the flue gas temperature and the
combustion air. For process boilers, a temperature differential between the flue gas and
combustion air of 300°F was selected for both the baseline and Proposed Design. The
higher temperature differential for process boilers, as opposed to commercial boilers,
reflects the temperatures at which these boilers are typically operated. Table 15
summarizes the impacts of flue gas temperature and oxygen concentration on
combustion efficiency. Combustion efficiency of 82.1 percent was selected for the
baseline. This level reflects the efficiency of a minimally compliant boiler operating at 5
percent oxygen concentration. For the Proposed Design, the combustion efficiency of a
minimally compliant boiler increases to 82.8 percent when operating with the proposed
3 percent excess oxygen. The calculation was conducted for a 5 MMBtu/h boiler.
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4.2 Energy Savings Methodology per Prototypical Building

The Energy Commission directed the Statewide CASE Team to model the energy
impacts using specific prototypical building models that represent typical building
geometries for different types of buildings. The prototype buildings that the Statewide
CASE Team used in the analysis are presented in Table 16, Table 17, and Table 18.

The Statewide CASE Team estimated energy and demand impacts by simulating the
proposed code change using the 2022 Research Version of CBECC-Com.

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

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

Savings for all four submeasures vary by climate zone, so the Statewide CASE
calculated energy savings in each of the 16 California climate zones and used the
climate-specific TDV factors when calculating TDV energy and energy cost impacts for
every submeasure.

Per-unit energy impacts for nonresidential buildings are presented in savings per square
foot. Annual energy and peak demand impacts for each prototype building were
translated into impacts per square foot by dividing by the floor area of the prototype
building. This step allows for an easier comparison of savings across different building
types and enables a calculation of statewide savings using the construction forecast
that is published in terms of floor area by building type.

CBECC-Res was used to model High Rise Mixed Use prototype building for the gas
boiler system and gas service water heating submeasure. Per-unit energy impacts for
multifamily buildings are presented in savings per dwelling unit. Annual energy and
peak demand impacts for each prototype building were translated into impacts per
dwelling unit by dividing by the number of dwelling units in the prototype building. This
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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.

4.2.1 Gas Boiler Systems

Because the submeasure proposes to increase the minimum thermal efficiency for high-
capacity boiler systems(1 — 10 MMBtu/h) to a weighted-thermal efficiency of 90 percent
(90%Et), the energy modeling is only conducted for the prototypical building models
with the total boiler capacity between 1 — 10 MMBtu/h. For the prototype buildings,
modeling was conducted for those building types that are expected to have some
subset achieve the capacity thresholds. While only the Large Office prototype has a
capacity above the threshold, for other prototype buildings that do not meet the
thresholds, the energy savings per square foot or unit are assumed to scale as building
size increases. Therefore, the cost-benefit ratios for prototype buildings are assumed to
be consistent, even though the modeling was performed on prototypes below the size
capacity threshold. Cost-effectiveness for larger buildings may be greater than smaller
ones, due to increased savings for these larger energy users. The energy savings from
this submeasure varies by climate zone, so impacts were simulated in all California
climate zones.

Table 16: Prototype Buildings Used for Energy, Demand, Cost, and Environmental
Impacts Analysis

Prototype Name Number Floor Area Description

of (square
Stories feet)
HighRiseMixedUse 10 125,400 10-story (9-story residential, 1-story

commercial), 117-unit building. Avg dwelling
unit size: 850 ft2. Central gas storage DHW

HotelSmall 4 42,554 4 story Hotel with 77 guest rooms. WWR-
1%
OfficeLarge 13 498,589 13 story + 1 basement office building with 5

zones and a ceiling plenum on each floor.
Window/Wall Ratio (WWR)-0.40

OfficeMedium 3 53,628 3 story office building with 5 zones and a
ceiling plenum on each floor. WWR-0.33

OfficeMediumLab 3 53,628 3 story office building with 5 zones and a
ceiling plenum on each floor. WWR-0.33

SchoolSecondary 2 210866 High school with WWR of 35% and SRR
1.4%

Since CBECC-Com does not yet support all configurations of high efficiency boilers, this
measure was modeled by modifying the baseline EnergyPlus input file generated by
CBECC-Com and running the modified input file in EnergyPlus.
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There is an existing Title 24, Part 6 requirement that covers the building system in
question and applies to both new construction and alterations, so the Standard Design
is minimally compliant with the 2019 Title 24, Part 6 requirements. In the updated Table
110.2-K in Section 110.2 that complies with the most recent federal changes —
mandatory requirements for space conditioning equipment, the minimum thermal
efficiency (Et) is 80 percent for all gas boilers with capacities between 300,000 and 2.5
MMBtu/h to reflect current standards.

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 17 presents precisely
which parameters were modified and what values were used in the Standard Design
and Proposed Design. Specifically, the proposed conditions assume 90 percent boiler
efficiency for all the climate zones.

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

Table 17: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change

Prototype ID Climate Parameter Name Standard Proposed
Zone Design Design
Parameter Parameter
Value Value
(Percent) (Percent)
HighRiseMixedUse All Nominal Thermal 80% 90%
Efficiency
HotelSmall All Nominal Thermal 80% 90%
Efficiency
OfficeLarge All Nominal Thermal 80% 90%
Efficiency
OfficeMedium All Nominal Thermal 80% 90%
Efficiency
OfficeMediumLab All Nominal Thermal 80% 90%
Efficiency
SchoolSecondary All Nominal Thermal 80% 90%
Efficiency

4.2.2 Gas Service Water Heating

Because the submeasure proposes to increase the minimum thermal efficiency for
service water heaters between 1 and 10 MMBtu/h to a weighted-thermal efficiency of 90
percent (90%Et), the energy modeling is initially conducted for the prototypical building
models with the total water heating capacity of that size. The large office prototype is
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the only one that can meet the capacity requirements. For other prototype buildings, the
modeling was conducted for those building types that are expected to have some
subset achieve the capacity thresholds. The energy savings per square foot or unit are
assumed to scale as building size increases. Because the incremental cost is based on
a per Mbtu/h basis, these costs also scale as size increases. Therefore, the cost-benefit
ratios for prototype buildings are assumed to be consistent, even though the modeling
was performed on prototypes below the size capacity threshold. Cost-effectiveness for
larger buildings may be greater than smaller ones, due to increased savings for these
larger energy users. The energy savings from this submeasure varies by climate zones.

Table 18: Prototype Buildings Used for Energy, Demand, Cost, and Environmental
Impacts Analysis

Prototype Name Number Floor Area Description
of Stories (square feet)
HighRiseMixedUse 10 125,400 10-story (9-story residential, 1-story

commercial), 117-unit building. Avg
dwelling unit size: 850 ft2. Central gas
storage DHW

Apartment High 10 93,632 10 story apartment building with a

Rise basement and elevator penthouse, 75
residential units and other common
spaces including lobby, office,
multipurpose room, exercise center,
laundry and storage

School Secondary 2 210,866 High school with WWR of 35% and
SRR 1.4%

Small Hotel 4 42,554 4 story Hotel with 77 guest rooms.
WWR-11%

Since CBECC-Com does not yet support all configurations for service water heating,
this measure was modeled by modifying the baseline EnergyPlus input file generated by
CBECC-Com and running the modified input file in EnergyPlus.

There is an existing Title 24, Part 6 requirement that covers the building system in
question and applies to both new construction and alterations, so the Standard Design
is minimally compliant with the 2019 Title 24, Part 6 requirements. As indicated in
Section 110.3- Mandatory Requirements for Service Water-Heating Systems and
Equipment, equipment shall meet the applicable requirements of the federal standards
which are replicated in the Appliance Efficiency Regulations, Title 20, as required by
Section 110.1 of Title 24, Part 6. In Table F-4 of Section 1605.1(f) in Title 20, the
minimum thermal efficiency is 80 percent for large gas water heaters that are a gas
storage water heater with an input larger than 75,000 Btu per hour and a gas
instantaneous water heater with an input larger than 200,000 Btu per hour.
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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 19 presents precisely
which parameters were modified and what values were used in the Standard Design
and Proposed Design. Specifically, the proposed conditions assume 90 percent water
heater efficiency for all climate zones.

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

Table 19: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change

Prototype ID Climate Parameter Name Standard Proposed
Zone Design Design
Parameter Parameter
Value Value
(Percent)  (percent)
HighRiseMixedUse All Nominal Thermal 80% 90%
Efficiency
Apartment High All Nominal Thermal 80% 90%
Rise Efficiency
Secondary School All Nominal Thermal 80% 90%
Efficiency
Small Hotels All Nominal Thermal 80% 90%
Efficiency

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

4.2.3 Commercial Oxygen Concentration

The submeasure proposes that commercial boilers in new construction with an input
capacity of 5 MMBtu/h and greater shall maintain stack-gas oxygen concentrations at
less than or equal to 3 percent. For commercial boilers, the energy modeling was
conducted for the Energy Commission prototype building models including large office.
None of the building prototype models meet the capacity thresholds. However, the
energy savings are presented on a per square foot or unit basis. These savings are
assumed to scale as building size increases. The incremental cost for this submeasure
is assumed to be fixed and does not increase for larger sized boilers. Therefore, cost-
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effectiveness for larger buildings would be greater than smaller ones, due to increased
savings for these larger energy users. The energy savings from this submeasure vary
by climate zones.

Table 20: Prototype Buildings Used for Energy, Demand, Cost, and Environmental
Impacts Analysis of Commercial Boilers

Prototype Number Floor Area | Description
Name of Stories | (square feet)
Large Office 13 498,589 | 13 story + 1 basement office building

with 5 zones and a ceiling plenum on
each floor. WWR-0.40

School 2 210,866 | High school with WWR of 35% and SRR
Secondary 1.4%

Since CBECC-Com does not yet support all configurations for high efficiency boilers,
including oxygen combustion concentrations, this measure was modeled by modifying
the baseline EnergyPlus input file generated by CBECC-Com and running the modified
input file in EnergyPlus.

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 21 presents precisely which parameters were modified and what values were
used in the Standard Design and Proposed Design. Specifically, the proposed
conditions reflect improved nominal thermal efficiency through installation of oxygen trim
control, from the baseline of five percent to the proposed design of three percent. A flue
gas temperature minus combustion air temperature of 200°F was selected for both the
Standard and Proposed Design. Based on feedback and comments from stakeholder
outreach, the thermal efficiencies 84.7 percent and 92.4 percent were used for the
Standard and Proposed Design, respectively. These efficiencies reflect the combined
efficiency of the proposed thermal efficiency requirement and the incremental
performance improvement resulting from increased oxygen concentration. Table 15
captures how the flue gas temperature and oxygen concentration levels impact
combustion efficiency.

Comparing the energy impacts of the Standard Design to the Proposed Design reveals
the impacts of the proposed code change relative to a building that is minimally
compliant with the 2019 Title 24, Part 6 requirements that follows industry typical
practices. In this case, assumption of typical stack temperature of 200 degrees for
commercial boilers and 300 degrees for process boilers; this assumption would be
confirmed through stakeholder outreach.
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Table 21: Modifications Made to Standard Design in Each Prototype to Simulate
Proposed Code Change

Prototype ID Climate | Parameter Name Standard Proposed
Zone Design Design
Parameter Parameter
Value Value
Large Office All Nominal Thermal 84.7% 92.4%
Efficiency
Secondary All Nominal Thermal 84.7% 92.4%
Office Efficiency

4.2.4 Process Oxygen Concentration

For process boilers, the submeasure was evaluated using a spreadsheet analysis. This
analysis was done independent of climate zones as the loads are dominated by
processes rather than climate. The following assumptions were used:

Boiler capacity: the number of annual installed process boilers is 151 and the
capacity range is between 5 to 10 MMBtu/h per communication with
stakeholders. The average capacity of the process boilers is 7.5 MMBtu/h.

Standard Design thermal efficiency: Standard Design excess air is 28 percent (or
5 percent excess oxygen) and thermal efficiency is 82.1 percent, based on the
relationship between excess oxygen and combustion efficiency, as found in
Table 15.

Proposed Design thermal efficiency: Proposed Design excess air is 15 percent
(or 3 percent excess oxygen) and thermal efficiency is 82.8 percent, based on
the relationship between excess oxygen and combustion efficiency, as found in
Table 15

Net temperature difference (stack temp — intake temp) is 300°F, a conservative
estimate, and the impacts on combustion efficiency based on oxygen
concentration is captured in Table 15.

Operation hours: 5333 hrs/year boiler operation (14.6-hour shift x 365 days/year).
This assumption is conservative as DOE reported that process boilers operate
8000 hours annually to serve process loads.

Fuel is natural gas at 239 TDVkBtu/therm. This is the TDV value averaged over
8760 hours among 16 climate zones.

15-Year present value(PV) adjustment factor is 0.089 $/TDVkBtu

2022 Title 24, Part 6 Draft CASE Report — 2022-NR-HVAC3-D | 59



The annual energy and cost savings realized by implementing this submeasure are
given by:

Annual energy savings = boiler capacity X operation hours/yr

X (1/Standard Design thermal ef ficiency
— 1/Proposed Design thermal ef ficiency )

Equation 2

Annual cost savings
= Annual energy savings X TDV factor X PV adjustment factor

Equation 3

4.3 Statewide Energy Savings Methodology

The per-unit energy impacts were extrapolated to statewide impacts using the
Statewide Construction Forecasts provided by the Energy Commission (California
Energy Commission Building Standards Office n.d.). The Statewide Construction
Forecasts estimate new construction that will occur in 2023, the first year that the 2022
Title 24, Part 6 requirements are in effect. It also estimates the size of the total existing
building stock in 2023 that the Statewide CASE Team used to approximate savings
from building alterations. The construction forecast provides construction (new
construction and existing building stock) by building type and climate zone. The building
types used in the construction forecast, Building Type ID, are not identical to the
prototypical building types available in CBECC-Com, so the Energy Commission
provided guidance on which prototypical buildings to use for each Building Type ID
when calculating statewide energy impacts. Table 22 presents the prototypical buildings
and weighting factors that the Energy Commission requested the Statewide CASE
Team use for each Building Type ID in the Statewide Construction Forecast. The
Statewide CASE Team believes that hospitals would be impacted by the boilers, service
water heating, and commercial oxygen submeasure; however, the Statewide CASE
Team is awaiting feedback from the Energy Commission on how best to model the
energy and cost savings for this building type.

In order to determine the approximate building square footage impacted by these
proposals, the Statewide CASE Team first analyzed the assumed boiler and service
water heating capacities in the CBECC-Com building prototypes. If these capacities
triggered the respective submeasure thresholds, all square footage of new construction
of that building type was assumed to be impacted by the proposal. If not, the Statewide
CASE Team calculated an energy intensity per square foot of the given building type
and determined a square footage threshold that was needed to trigger the requirement.
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Then, the Statewide CASE Team analyzed Commercial Building Energy Consumption
Survey micro grain data from the US Department of Energy to determine a percentage
of square footage that was in buildings met the calculated square footage threshold.

Appendix A presents additional information about the methodology and assumptions
used to calculate statewide energy impacts.

Table 22: Nonresidential Building Types and Associated Prototype Weighting

Building Type ID from
Statewide Construction
Forecast

Small Office
Large Office
Large Office
Restaurant
Retail

Retail

Retail

Retail
Grocery Store
Non-Refrigerated Warehouse
Refrigerated Warehouse
Schools
Schools
Colleges
Colleges
Colleges
Colleges
Colleges
Colleges
Hospitals
Hotel/Motels

Building Prototype for Weighting Factors

Energy Modeling for Statewide

Impacts Analysis
OfficeSmall 100%
OfficeMedium 50%
OfficeLarge 50%
RestaurantFastFood 100%
RetailStandAlone 10%
RetailLarge 75%
RetailStripMall 5%
RetailMixedUse 10%
Grocery 100%
Warehouse 100%
RefrigWarehouse N/A
SchoolPrimary 60%
SchoolSecondary 40%
OfficeSmall 5%
OfficeMedium 15%
OfficeMediumLab 20%
PublicAssembly 5%
SchoolSecondary 30%
ApartmentHighRise 25%
Hospital 100%
HotelSmall 100%

4.4 Per-Unit Energy Impacts Results

441 Energy savings and peak demand reductions per square foot are presented
in Table 23 through Per-Unit Energy Impacts Results — Commercial Oxygen

Concentration

4.4.2 Table 33 for the boilers and service water heating submeasures. Per-Unit
Energy Impacts Results — Commercial Oxygen Concentration
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4.4.3 Table 33 and Table 34 presents savings for the proposed oxygen
concentration requirements for commercial new construction. Per-Unit
Energy Impacts Results — Process Oxygen Concentration

Table 35 presents savings for process oxygen concentration requirements. The per-unit
energy savings figures do not account for naturally occurring market adoption or
compliance rates. For service water heating, per-unit savings for the first year are
expected to be 0.00136 therms/yr. For boilers systems, per-unit savings for the first year
are expected to range from 0.001 to 0.007 therms/yr depending upon climate zone. For
oxygen trim control, per-unit savings for the first year are expected to range from
0.00141 to 0.00748 therms/yr depending upon climate zone. For all of the
submeasures, there are no demand reductions or increases, as this measure does not
impact electricity use.

Together, these measures address the largest gas loads, space, water and process
heating, for the largest energy users. Furthermore, while occupant behavior can impact
energy savings, higher use applications would realize greater savings. The savings
estimates for boiler systems are conservative as the baseline assumes efficient system
performance, beyond rated boiler performance, while the proposed measure includes
return water and flow rate requirements to ensure the operational system performance
matches the rated efficiency.

On a per square foot basis, the gas boiler system submeasures saves, by a wide
margin, the most energy out of all the submeasures assessed using the CBECC-Com
methodology. While per square foot savings for the oxygen concentration for the
commercial new construction requirement appear similar, the bulk of those savings
comes from the assumption that the baseline boiler is noncondensing and the proposed
boiler with lower oxygen concentration is condensing. All submeasures vary by climate
zone since space heating boilers are run times are influenced by outdoor air
temperature. For service water heating, assumed input water temperatures also vary by
climate zone. Initial results show that savings for the submeasures are the least in
Climate Zone 15 and the most in Climate Zone 16. These initial results seem
acceptable in that Climate Zone 15 is mainly hot desert while Climate Zone 16 is mainly
a cold mountainous area.

The proposed measures do not have any expected demand management impacts due
to the limited electric impacts and nature of how these large boiler and service water
heating systems are operated.

4.4.4 Per-Unit Energy Impacts Results — Gas Boiler Systems
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Table 23: First-Year Energy Impacts Per Dwelling Unit — High Rise Mixed Use for
Gas Boiler Systems — New Construction

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Savings Savings
(kWh/dwelling Reductions (therms/ (TDV kBtu/

unit) (kW/ dwelling unit) dwelling unit)  dwelling unit)

1 N/A N/A 4.622 1185.309

2 N/A N/A 2.906 772.775

3 N/A N/A 1.651 440.501

4 N/A N/A 1.416 379.687

5 N/A N/A 1.584 416.867

6 N/A N/A 0.409 111.271

7 N/A N/A 0.259 70.891

8 N/A N/A 0.450 122.922

9 N/A N/A 0.696 189.305
10 N/A N/A 1.064 289.910
11 N/A N/A 3.070 827.871
12 N/A N/A 2.637 710.938
13 N/A N/A 2.279 616.611
14 N/A N/A 2.624 713.927
15 N/A N/A 0.338 92.771
16 N/A N/A 7.067 1851.329

Table 24: First-Year Energy Impacts Per Square Foot — Hotel Small for Gas Boiler
Systems — New Construction

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Reductions Savings Savings
(kWh/ft?) (kWIft?)  (therms/ ft2) (TDV kBtul/ ft?)

1 N/A N/A 0.009 2.211

2 N/A N/A 0.006 1.484

3 N/A N/A 0.004 1.095

4 N/A N/A 0.004 0.928

5 N/A N/A 0.004 1.019

6 N/A N/A 0.002 0.430

7 N/A N/A 0.001 0.320

8 N/A N/A 0.002 0.415

9 N/A N/A 0.002 0.549
10 N/A N/A 0.003 0.686
11 N/A N/A 0.005 1.434
12 N/A N/A 0.005 1.300
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13 N/A N/A 0.004 1.165

14 N/A N/A 0.005 1.346
15 N/A N/A 0.001 0.324
16 N/A N/A 0.010 2.700

Table 25: First-Year Energy Impacts Per Square Foot — Office Large for Gas Boiler
Systems — New Construction

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Reductions Savings Savings
(kWh/ft?) (kWI/ft2)  (therms/ ft2) (TDV kBtu/ ft?)

1 N/A N/A 0.011 2.797

2 N/A N/A 0.008 2.116

3 N/A N/A 0.006 1.581

4 N/A N/A 0.006 1.423

5 N/A N/A 0.007 1.662

6 N/A N/A 0.004 0.932

7 N/A N/A 0.003 0.776

8 N/A N/A 0.003 0.884

9 N/A N/A 0.004 1.004
10 N/A N/A 0.004 1.178
11 N/A N/A 0.007 1.905
12 N/A N/A 0.007 1.822
13 N/A N/A 0.006 1.544
14 N/A N/A 0.007 1.856
15 N/A N/A 0.002 0.646
16 N/A N/A 0.012 3.100

Table 26: First-Year Energy Impacts Per Square Foot — Office Medium for Gas
Boiler Systems — New Construction

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Reductions Savings Savings
(kWh/ft?) (kWIft?)  (therms/ ft?) (TDV kBtu/ ft?)

1 N/A N/A 0.013 3.233

2 N/A N/A 0.009 2.243

3 N/A N/A 0.006 1.547

4 N/A N/A 0.005 1.373

5 N/A N/A 0.006 1.636

6 N/A N/A 0.003 0.685

7 N/A N/A 0.002 0.521
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8 N/A N/A 0.003 0.698

9 N/A N/A 0.003 0.834
10 N/A N/A 0.004 1.045
11 N/A N/A 0.008 2.041
12 N/A N/A 0.007 1.918
13 N/A N/A 0.006 1.636
14 N/A N/A 0.007 1.873
15 N/A N/A 0.002 0.512
16 N/A N/A 0.014 3.577

Table 27: First-Year Energy Impacts Per Square Foot — Office Medium Lab for Gas
Boiler Systems — New Construction

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Reductions Savings Savings
(kWh/ft?) (kWIft?)  (therms/ ft2) (TDV kBtu/ ft?)

1 N/A N/A 0.080 19.486

2 N/A N/A 0.065 16.119

3 N/A N/A 0.049 12.171

4 N/A N/A 0.046 11.436

5 N/A N/A 0.053 13.181

6 N/A N/A 0.030 7.502

7 N/A N/A 0.027 6.700

8 N/A N/A 0.033 8.152

9 N/A N/A 0.035 8.835
10 N/A N/A 0.040 10.098
11 N/A N/A 0.055 13.967
12 N/A N/A 0.055 13.897
13 N/A N/A 0.049 12.365
14 N/A N/A 0.055 14.168
15 N/A N/A 0.026 6.537
16 N/A N/A 0.080 20.406

Table 28: First-Year Energy Impacts Per Square Foot — School Secondary for Gas
Boiler Systems — New Construction

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Reductions Savings Savings
(kWh/ft?) (KWI/ft?) (therms/ ft3)  (TDV kBtu/ ft?)

1 N/A N/A 0.020 4.885

2 N/A N/A 0.013 3.407
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3 N/A N/A 0.009 2.455
4 N/A N/A 0.008 2.163
5 N/A N/A 0.009 2.368
6 N/A N/A 0.004 1.019
7 N/A N/A 0.003 0.830
8 N/A N/A 0.004 1.068
9 N/A N/A 0.005 1.358
10 N/A N/A 0.006 1.616
11 N/A N/A 0.012 3.207
12 N/A N/A 0.011 3.012
13 N/A N/A 0.010 2.688
14 N/A N/A 0.011 3.002
15 N/A N/A 0.003 0.803
16 N/A N/A 0.024 6.229

4.4.5 Per-Unit Energy Impacts Results — Gas Service Water Heating

Table 29: First-Year Energy Impacts Per Square Foot — Apartment High Rise for
Gas Service Water Heating — New Construction

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Reductions Savings Savings
(kWh/ft?) (KWI/ft?) (therms/ ft3)  (TDV kBtu/ ft?)

1 N/A N/A 0.011 3.501

2 N/A N/A 0.010 3.159

3 N/A N/A 0.009 3.147

4 N/A N/A 0.010 2.943

5 N/A N/A 0.009 3.147

6 N/A N/A 0.009 2.818

7 N/A N/A 0.008 2.814

8 N/A N/A 0.008 2.710

9 N/A N/A 0.008 2.743
10 N/A N/A 0.008 2.734
11 N/A N/A 0.009 2.815
12 N/A N/A 0.009 2.949
13 N/A N/A 0.008 2.714
14 N/A N/A 0.009 2.845
15 N/A N/A 0.006 2.151
16 N/A N/A 0.010 3.450
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Table 30: First-Year Energy Impacts Per Square Foot — Hotel Small for Gas
Service Water Heating — New Construction

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Reductions Savings Savings
(kWh/ft?) (kWIft?) (therms/ ft2)  (TDV kBtu/ ft?)

1 N/A N/A 0.001 0.217

2 N/A N/A 0.001 0.207

3 N/A N/A 0.001 0.206

4 N/A N/A 0.001 0.203

5 N/A N/A 0.001 0.208

6 N/A N/A 0.001 0.198

7 N/A N/A 0.001 0.196

8 N/A N/A 0.001 0.194

9 N/A N/A 0.001 0.195
10 N/A N/A 0.001 0.195
11 N/A N/A 0.001 0.202
12 N/A N/A 0.001 0.203
13 N/A N/A 0.001 0.199
14 N/A N/A 0.001 0.204
15 N/A N/A 0.001 0.176
16 N/A N/A 0.001 0.226

Table 31: First-Year Energy Impacts Per Square Foot — Secondary School for Gas
Service Water Heating — New Construction

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Reductions Savings Savings
(kWh/ft?) (kWIft2) (therms/ ft3)  (TDV kBtu/ ft?)

1 N/A N/A 0.004 0.990

2 N/A N/A 0.004 0.952

3 N/A N/A 0.004 0.947

4 N/A N/A 0.004 0.934

5 N/A N/A 0.004 0.954

6 N/A N/A 0.004 0.910

7 N/A N/A 0.004 0.901

8 N/A N/A 0.004 0.892

9 N/A N/A 0.004 0.897
10 N/A N/A 0.004 0.899
11 N/A N/A 0.004 0.926
12 N/A N/A 0.004 0.932
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13 N/A N/A 0.004 0.916

14 N/A N/A 0.004 0.937
15 N/A N/A 0.003 0.801
16 N/A N/A 0.004 1.022

Table 32: First-Year Energy Impacts Per Dwelling Unit — High Rise Mixed Use for
Gas Service Water Heating — New Construction

Climate Electricity Savings Peak Electricity Natural Gas TDV Energy
Zone (kWh/dwelling Demand Reductions Savings Savings
unit)  (kW/ dwelling unit) (therms/ (TDV kBtu/

dwelling unit) dwelling unit)

1 N/A N/A 6.914 2264.741

2 N/A N/A 6.224 2043.193

3 N/A N/A 6.213 2036.950

4 N/A N/A 5.781 1899.364
5 N/A N/A 6.214 2036.966

6 N/A N/A 5.524 1815.809

7 N/A N/A 5.502 1812.992

8 N/A N/A 5.294 1742.066

9 N/A N/A 5.360 1764.372
10 N/A N/A 5.328 1756.945
11 N/A N/A 5.481 1808.938
12 N/A N/A 5777 1901.346
13 N/A N/A 5.274 1741.369
14 N/A N/A 5.528 1828.223
15 N/A N/A 4.090 1356.283
16 N/A N/A 6.743 2221.701

4.4.6 Per-Unit Energy Impacts Results — Commercial Oxygen Concentration

Table 33: First-Year Energy Impacts Per Square Foot — Large Office for Oxygen
Concentration — New Construction Commercial Boilers

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Reductions Savings Savings
(kWh/ft?) (kWIft2) (therms/ ft3)  (TDV kBtu/ ft?)

1 N/A N/A 0.00680 1.695

2 N/A N/A 0.00505 1.289

3 N/A N/A 0.00370 0.940

4 N/A N/A 0.00333 0.857

5 N/A N/A 0.00395 1.000
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6 N/A N/A 0.00214 0.552
7 N/A N/A 0.00172 0.444
8 N/A N/A 0.00198 0.514
9 N/A N/A 0.00228 0.593
10 N/A N/A 0.00272 0.715
11 N/A N/A 0.00445 1.172
12 N/A N/A 0.00427 1.113
13 N/A N/A 0.00357 0.946
14 N/A N/A 0.00434 1.152
15 N/A N/A 0.00141 0.380
16 N/A N/A 0.00748 1.933

Table 34: First-Year Energy Impacts Per Square Foot — Secondary Schools for
Oxygen Concentration — New Construction for Commercial Boilers

Climate Electricity Peak Electricity Natural Gas TDV Energy
Zone Savings Demand Reductions Savings Savings
(kWh/ft?) (kWIft2) (therms/ ft3)  (TDV kBtu/ ft?)

1 N/A N/A 0.01111 2.779

2 N/A N/A 0.00751 1.952

3 N/A N/A 0.00535 1.392

4 N/A N/A 0.00468 1.236

5 N/A N/A 0.00522 1.341

6 N/A N/A 0.00215 0.576

7 N/A N/A 0.00171 0.463

8 N/A N/A 0.00224 0.602

9 N/A N/A 0.00288 0.773
10 N/A N/A 0.00346 0.930
11 N/A N/A 0.00703 1.875
12 N/A N/A 0.00657 1.744
13 N/A N/A 0.00584 1.567
14 N/A N/A 0.00653 1.758
15 N/A N/A 0.00167 0.458
16 N/A N/A 0.01444 3.754

4.4.7 Per-Unit Energy Impacts Results — Process Oxygen Concentration

Table 35: First-Year Energy Impacts — 5 MMBtu/h Process Boiler for Oxygen
Concentration- New Construction and Alterations

Boiler Capacity Threshold (MMBtu/h) 5
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Operation Hour per Shift

Annual Operation day

Annual Operation Hours

Baseline Thermal Efficiency

Proposed Thermal Efficiency

Standard Design Energy Consumption per Boiler (Therms/year)
Proposed Design Energy Consumption per Boiler (Therms/year)
Annual Natural Gas Savings (Therms/year)

TDVkBtu/therm

Annual TDV Energy Savings (TDV kBtu/year)

15-Year PV Adjustment Factor, Nonresidential ($/TDVkBtu)

15 Year Nominal Adjustment Factor, Nonresidential ($/TDVkBtu)

Total Energy Cost Savings over 15-year period of analysis (2023 PV
$)

Total Energy Cost Savings over 15-year period of analysis (Nominal
$)

Incremental and Maintenance Cost Over 15-year period of analysis
(%)

Benefit-to-Cost Ratio

14.6
365
5333
82.1%
82.8%
324,807
322,061
2,746
239
657,465
0.089
TBD

58,514

TBD

1227517
4.8
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5. Cost and Cost Effectiveness

5.1 Energy Cost Savings Methodology

Energy cost savings were calculated by applying the TDV energy cost factors to the
energy savings estimates that were derived using the methodology described in Section
4.2.4. TDV is a normalized metric to calculate energy cost savings that accounts for the
variable cost of electricity and natural gas for each hour of the year, along with how
costs are expected to change over the period of analysis (30 years for residential
measures and nonresidential envelope measures and 15 years for all other
nonresidential measures). For this measure, proposed changes to nonresidential
buildings are assessed over 30 years, including energy cost savings from the
ApartmentHighRise prototype that is used to approximate savings from dormitories
within the college building type. and the Statewide CASE Team used the high-rise
mixed use multifamily prototype to explore the energy and energy cost savings
associated with applying the code requirements to multifamily buildings. Thus, the 30-
year period of analysis was used in calculations using the high-rise mixed use
prototype. The TDV cost impacts are presented in 2023 present value dollars and
represent the energy cost savings realized over 15 years and 30 years as applicable.
The savings from the apartment high rise and high-rise mixed use multifamily
prototypes are presented per dwelling unit, while nonresidential savings and impacts
are represented per square foot.

The boiler and service water heating measures only apply to new construction, while the
oxygen concentration measures apply to newly installed boilers. Commercial oxygen
concentration would only apply to newly installed boilers in new construction. The
energy cost savings from newly installed boilers in existing buildings for oxygen
concentration are same for new construction for process boilers because the assumed
rated boiler efficiency is the same for both applications, compliant with current code.

5.2 Energy Cost Savings Results

Per-unit energy cost savings for newly constructed buildings that are realized over the
15- and 30- year period of analysis are presented in 2023 dollars in Table 36 through
Per-Unit Energy Cost Savings Results — Process Oxygen Concentration

Table 48.

The TDV methodology allows peak electricity savings to be valued more than electricity
savings during non-peak periods; however, there were no associate peak savings in this
measure.
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5.2.1 Per-Unit Energy Cost Savings Results — Gas Boiler Systems

Table 36: 2023 PV TDV Energy Cost Savings Over 30-Year Period of Analysis —
Per Dwelling Unit— New Construction (HighRiseMixedUse) for Gas Boiler Systems

Climate 30-Year TDV Electricity 30-Year TDV Natural Total 30-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 0 $205.06 $205.06

2 0 $133.69 $133.69

3 0 $76.21 $76.21

4 0 $65.69 $65.69

5 0 $72.12 $72.12

6 0 $19.25 $19.25

7 0 $12.26 $12.26

8 0 $21.27 $21.27

9 0 $32.75 $32.75
10 0 $50.15 $50.15
11 0 $143.22 $143.22
12 0 $122.99 $122.99
13 0 $106.67 $106.67
14 0 $123.51 $123.51
15 0 $16.05 $16.05
16 0 $320.28 $320.28

Table 37: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction (HotelSmall) for Gas Boiler Systems

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 0 $0.20 $0.20

2 0 $0.13 $0.13

3 0 $0.10 $0.10

4 0 $0.08 $0.08

5 0 $0.09 $0.09

6 0 $0.04 $0.04

7 0 $0.03 $0.03

8 0 $0.04 $0.04

9 0 $0.05 $0.05
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10 0 $0.06 $0.06
11 0 $0.13 $0.13
12 0 $0.12 $0.12
13 0 $0.10 $0.10
14 0 $0.12 $0.12
15 0 $0.03 $0.03
16 0 $0.24 $0.24

Table 38: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction (OfficeLarge) for Gas Boiler Systems

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PVS$) (2023 PV$) (2023 PV$)

1 0 $0.25 $0.25

2 0 $0.19 $0.19

3 0 $0.14 $0.14

4 0 $0.13 $0.13

5 0 $0.15 $0.15

6 0 $0.08 $0.08

7 0 $0.07 $0.07

8 0 $0.08 $0.08

9 0 $0.09 $0.09
10 0 $0.10 $0.10
11 0 $0.17 $0.17
12 0 $0.16 $0.16
13 0 $0.14 $0.14
14 0 $0.17 $0.17
15 0 $0.06 $0.06
16 0 $0.28 $0.28

Table 39: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction (OfficeMedium) for Gas Boiler Systems

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV

Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)
1 0 $0.29 $0.29
2 0 $0.20 $0.20
3 0 $0.14 $0.14
4 0 $0.12 $0.12
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5 0 $0.15 $0.15
6 0 $0.06 $0.06
7 0 $0.05 $0.05
8 0 $0.06 $0.06
9 0 $0.07 $0.07
10 0 $0.09 $0.09
11 0 $0.18 $0.18
12 0 $0.17 $0.17
13 0 $0.15 $0.15
14 0 $0.17 $0.17
15 0 $0.05 $0.05
16 0 $0.32 $0.32

Table 40: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction (OfficeMediumLab) for Gas Boiler Systems

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 0 $1.73 $1.73

2 0 $1.43 $1.43

3 0 $1.08 $1.08

4 0 $1.02 $1.02

5 0 $1.17 $1.17

6 0 $0.67 $0.67

7 0 $0.60 $0.60

8 0 $0.73 $0.73

9 0 $0.79 $0.79
10 0 $0.90 $0.90
11 0 $1.24 $1.24
12 0 $1.24 $1.24
13 0 $1.10 $1.10
14 0 $1.26 $1.26
15 0 $0.58 $0.58
16 0 $1.82 $1.82

Table 41: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction (SchoolSecondary) for Gas Boiler Systems

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
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(2023 PV$) (2023 PV$) (2023 PV$)

1 0 $0.43 $0.43
2 0 $0.30 $0.30
3 0 $0.22 $0.22
4 0 $0.19 $0.19
5 0 $0.21 $0.21
6 0 $0.09 $0.09
7 0 $0.07 $0.07
8 0 $0.10 $0.10
9 0 $0.12 $0.12
10 0 $0.14 $0.14
11 0 $0.29 $0.29
12 0 $0.27 $0.27
13 0 $0.24 $0.24
14 0 $0.27 $0.27
15 0 $0.07 $0.07
16 0 $0.55 $0.55

5.2.2 Per-Unit Energy Cost Savings Results — Gas Service Water Heating

Table 42: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction (ApartmentHighRise) for Gas Service Water
Heating

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV

Zone Cost Savings Gas Cost Savings Energy Cost Savings
(Nominal $) (Nominal $) (Nominal $)
1 $0.00 $0.31 $0.31
2 $0.00 $0.28 $0.28
3 $0.00 $0.28 $0.28
4 $0.00 $0.26 $0.26
5 $0.00 $0.28 $0.28
6 $0.00 $0.25 $0.25
7 $0.00 $0.25 $0.25
8 $0.00 $0.24 $0.24
9 $0.00 $0.24 $0.24
10 $0.00 $0.24 $0.24
11 $0.00 $0.25 $0.25
12 $0.00 $0.26 $0.26
13 $0.00 $0.24 $0.24
14 $0.00 $0.25 $0.25
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15 $0.00 $0.19 $0.19
16 $0.00 $0.31 $0.31

Table 43: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction (HotelSmall) for Gas Service Water Heating

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(Nominal $) (Nominal $) (Nominal $)

1 $0.00 $0.02 $0.02

2 $0.00 $0.02 $0.02

3 $0.00 $0.02 $0.02

4 $0.00 $0.02 $0.02

5 $0.00 $0.02 $0.02

6 $0.00 $0.02 $0.02

7 $0.00 $0.02 $0.02

8 $0.00 $0.02 $0.02

9 $0.00 $0.02 $0.02
10 $0.00 $0.02 $0.02
11 $0.00 $0.02 $0.02
12 $0.00 $0.02 $0.02
13 $0.00 $0.02 $0.02
14 $0.00 $0.02 $0.02
15 $0.00 $0.02 $0.02
16 $0.00 $0.02 $0.02

Table 44: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction (SecondarySchool) for Gas Service Water
Heating

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(Nominal $) (Nominal $) (Nominal $)

1 $0.00 $0.09 $0.09

2 $0.00 $0.08 $0.08

3 $0.00 $0.08 $0.08

4 $0.00 $0.08 $0.08

5 $0.00 $0.08 $0.08

6 $0.00 $0.08 $0.08

7 $0.00 $0.08 $0.08

8 $0.00 $0.08 $0.08

9 $0.00 $0.08 $0.08
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10 $0.00 $0.08 $0.08

11 $0.00 $0.08 $0.08
12 $0.00 $0.08 $0.08
13 $0.00 $0.08 $0.08
14 $0.00 $0.08 $0.08
15 $0.00 $0.07 $0.07
16 $0.00 $0.09 $0.09

Table 45: 2023 PV TDV Energy Cost Savings Over 30-Year Period of Analysis —
Per Dwelling Unit— New Construction (High Rise Mixed Use) for Gas Service
Water Heating

Climate 30-Year TDV Electricity 30-Year TDV Natural Total 30-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(Nominal $) (Nominal $) (Nominal $)

1 $0.00 $391.80 $391.80

2 $0.00 $353.47 $353.47

3 $0.00 $352.39 $352.39

4 $0.00 $328.59 $328.59

5 $0.00 $352.40 $352.40

6 $0.00 $314.14 $314.14

7 $0.00 $313.65 $313.65

8 $0.00 $301.38 $301.38

9 $0.00 $305.24 $305.24
10 $0.00 $303.95 $303.95
11 $0.00 $312.95 $312.95
12 $0.00 $328.93 $328.93
13 $0.00 $301.26 $301.26
14 $0.00 $316.28 $316.28
15 $0.00 $234.64 $234.64
16 $0.00 $384.35 $384.35

5.2.3 Per-Unit Energy Cost Savings Results — Commercial Oxygen Concentration

Table 46: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction (OfficeLarge) for Oxygen Concentration on
Commercial Boilers

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 0 0.15 0.15
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2 0 0.11 0.11
3 0 0.08 0.08
4 0 0.08 0.08
5 0 0.09 0.09
6 0 0.05 0.05
7 0 0.04 0.04
8 0 0.05 0.05
9 0 0.05 0.05
10 0 0.06 0.06
11 0 0.10 0.10
12 0 0.10 0.10
13 0 0.08 0.08
14 0 0.10 0.10
15 0 0.03 0.03
16 0 0.17 0.17

Table 47: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction (SecondarySchool) for Oxygen
Concentration on Commercial Boilers

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings
(2023 PV$) (2023 PV$) (2023 PV$)

1 0 0.25 0.25

2 0 0.17 0.17

3 0 0.12 0.12

4 0 0.11 0.1

5 0 0.12 0.12

6 0 0.05 0.05

7 0 0.04 0.04

8 0 0.05 0.05

9 0 0.07 0.07
10 0 0.08 0.08
11 0 0.17 0.17
12 0 0.16 0.16
13 0 0.14 0.14
14 0 0.16 0.16
15 0 0.04 0.04
16 0 0.33 0.33

5.2.4 Per-Unit Energy Cost Savings Results — Process Oxygen Concentration
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Table 48: 2023 PV TDV Energy Cost Savings Over 15-Year Period of Analysis —
Per Square Foot — New Construction and Alterations for Oxygen Concentration
on Process Boilers

Climate 15-Year TDV Electricity 15-Year TDV Natural Total 15-Year TDV
Zone Cost Savings Gas Cost Savings Energy Cost Savings

(2023 PVS$) (2023 PV$) (2023 PV$)
All 0 13,253,500 13,253,500

5.3 Incremental First Cost

5.3.1 Gas Boiler Systems

The Statewide CASE Team reviewed several incremental measure costs (IMCs)
reported by California Program Administrators in Workpapers published by the CPUC.
The IMC reported in Workpaper PGECOHVC101, Revision 5 for Space Heating
Boiler’s, published by PG&E, was selected to represent the IMC of this proposed
submeasure update (PG&E 2016). This Workpaper is also used statewide in California
to provide a basis for energy efficiency incentives and savings estimates. The IMC’s
used in this Workpaper were developed using the “2010-2012 WO017 Ex Ante Measure
Cost Study Final Report” published in 2014 and submitted to the CPUC.

The incremental first cost of this submeasure includes the increase in equipment and
maintenance costs associated with a condensing boiler compared to a non-condensing
boiler. Added equipment costs include larger or additional non-corrosive heat
exchangers and condensate management systems to allow for recovery of additional
thermal energy from the flue gas. The corrosion-resistant pipe and neutralization kit for
the condensate is included in this IMC since both are required for condensing systems.
The annual maintenance costs needed for the condensate neutralization kits are
included in section 5.4.1. For new construction, there is no increase in labor costs as
the mechanism for condensate disposal (generally discharging directly into the drainage
system) and venting requirements can be incorporated in the building design.

The baseline used to determine the IMC is a space heating boiler with a thermal
efficiency of 80 percent representing equipment that is minimally compliant with federal
appliance efficiency standards. Costs between products that are 80-82 percent efficient
are similar. The measure selected within the CPUC Workpaper to represent a compliant
boiler for the proposed standard is a condensing boiler greater than 2.5 MMBtu/h with a
thermal efficiency of 94 percent. Though this is above the proposed minimum system
efficiency for this submeasure, this value is closer to the average thermal efficiency for
condensing boilers in the AHRI database. The baseline and measure equipment details
and corresponding cost data are found in Table 49 below.
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Table 49: Incremental Measure Equipment Cost for Gas Boilers Over 2.5 MMBtu/h

Equipment Type Cost Description | Equipment Cost
($/MBtu/h)

Commercial Space Heating Water Boiler, Standard Design $12.60

> 2.5 MMBtu/h, =2 80% TE

Commercial Condensing Space Heating Proposed Design $17.73

Water Boiler, > 2.5 MMBtu/h, 2 94% TE

Incremental Measure Cost $5.13

5.3.2 Gas Service Water Heating

The Statewide CASE Team reviewed several IMCs reported by California Program
Administrators in Workpapers published by the CPUC. The IMC reported in Workpaper
WPSCGNRWH120206C, Revision 6 for Commercial Hot Water Boilers, published by
SoCalGas in 2016, was selected to represent the IMC of this proposed submeasure
(SoCalGas 2016). This included reviewing “Commercial Water Heater Cost Data” or
Attachment D from the Workpaper which summarizes the methodology and sources
used to develop this IMC. Sources included online stores for equipment costs, data
collected from California rebate programs, and other California Workpapers.

The incremental cost of this submeasure includes the increase in equipment and
maintenance costs associated with a condensing water heater compared to a non-
condensing water heater. Added equipment costs include larger or additional heat
exchangers and condensate management systems to allow for systems to recover
additional thermal energy from the flue gas. The corrosion-resistant pipe and
neutralization kit for the condensate are included in this IMC since both are required for
condensing systems. The annual maintenance costs needed for the condensate
neutralization kits is included in section 5.4.1. For new construction, there is no increase
in labor costs as the mechanism for condensate disposal (generally discharging directly
into the drainage system) and venting requirements can be incorporated in the building
design.

The baseline used to determine this IMC is an instantaneous water heater or
commercial hot water boiler with a thermal efficiency of 80 percent. This is the minimum
thermal efficiency to comply with the current code. Additionally, the CPUC 2016
Workpaper selected an instantaneous water heater or commercial hot water boiler as a
baseline which is the expected equipment type for a building requiring between 1 and
10 MMBtu/h capacity. Furthermore, this was the largest capacity nonresidential service
water heating measure found in the California Workpapers, therefore this should best
represent the IMC for the proposed standard. The measure efficiency represents a
compliant water heater if the proposed standard were in effect today. The base case
and proposed equipment details and corresponding cost data are found in Table 50
below.
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Table 50: Incremental Measure Equipment Cost for Nonresidential Service Water
Heaters

Equipment Type Cost Description | Equipment Cost
($/MBtu/h)

Commercial Hot Water Boiler, > 200,000 Standard Design $17.94

Btu/h, =2 80% TE

Commercial Hot Water Boiler, > 200,000 Proposed Design $22.01

Btu/h, 2 90% TE

Incremental Measure Cost $ 4.07

5.3.3 Oxygen Concentration

5.3.3.1 Process Boilers -5 and 10 MMBtu/h

The Statewide CASE Team determined the incremental cost through stakeholder
outreach and online research. Manufacturers and distributors have determined that the
added cost for buying a standard or condensing boiler versus a standard or condensing
boiler with oxygen trim controls is $7500. Oxygen trim control is the only technology the
Statewide CASE Team has been able to verify that can maintain 3 percent stackgas
oxygen levels. Since the oxygen concentration requirements impact newly installed
boilers, there is no need to analyze any other incremental cost.

5.3.3.2 Commercial Boilers -5 and 10 MMBtu/h
See Section 5.3.3.1.

5.4 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 period of analysis. The present value of
equipment maintenance costs (savings) was calculated using a three percent discount
rate (d), which is consistent with the discount rate used when developing the 2022 TDV.
The present value of maintenance costs that occurs in the nt year is calculated as
follows:

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

5.4.1 Gas Boiler and Service Water Heating Systems

The useful life for both boilers and service water heating equipment is over 15 years.
CPUC assumed a useful life of 20 years in recent Workpapers (CPUC 2011). It is
assumed that equipment would not be replaced during the period of analysis.
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According to the Condensing Boiler Assessment, published by the GSA in 2014, “There
are additional operation and maintenance (O&M) costs to be expected from a
condensing boiler plant. Specifically, condensing boilers typically require the installation
of condensate neutralizers. The acidic condensate that forms when the exhaust gases
are cooled below the dew point are collected from the boiler and from the exhaust stack
and piped to a condensate neutralizer, where the pH is raised to a point where it may be
dumped safely to a sewage drain line. The neutralizer needs to be recharged or
replaced periodically to maintain this capability. Neutralizer kits are available in an
assortment of capacities designed to match boiler capacities. Typical O&M
requirements are to replace or recharge the neutralizers annually.” This report estimates
the cost to maintain the condensate management system is $400 per year.

Using this method, the present value of the annual maintenance discounted by 3
percent over 15 years is $4,775.17 and $7,840.18 for 30 years.

Condensing water heaters require the same condensate neutralizers and the estimated
annual incremental maintained costs are the same as for space heating boilers. This
was confirmed during interviews with major equipment manufacturers.

5.4.2 Oxygen Concentration

A boiler’s air/fuel ratio is adjusted during boiler tuning. This occurs during installation
and start-up and during maintenance activity, which is usually once per year. This
occurs during installation and start-up and during maintenance activity, usually once per
year. This occurs for both the standard and proposed design but requires more time for
the proposed design. The maintenance cost for the standard design is 4 hours per year
at a labor rate of $100 per hour. The maintenance cost for the proposed design is 8
hours per year at a labor rate of $100 per hour. Therefore, the incremental maintenance
cost is 4 hours per year at a labor rate of $100 per hour. Energy savings from this
measure will persist for the life of the system.

Using this method, the present value of the annual maintenance discounted by 3
percent over 15 years is $4,775.17.

5.5 Cost Effectiveness

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

The Energy Commission establishes the procedures for calculating cost effectiveness.
The Statewide CASE Team collaborated with Energy Commission staff to confirm that
the methodology in this report is consistent with their guidelines, including which costs
were included in the analysis. The incremental first cost and incremental maintenance
costs over the -year period of analysis were included. The TDV energy cost savings
from electricity and natural gas savings were also included in the evaluation.
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Design costs were not included nor were the incremental costs of code compliance
verification.

According to the Energy Commission’s definitions, a measure is cost effective if the
benefit-to-cost (B/C) ratio is greater than 1.0. The B/C ratio is calculated by dividing the
cost benefits realized over 15 years for nonresidential building prototypes and 30 years
for residential prototypes by the total incremental costs, which include maintenance
costs. The B/C ratio was calculated using 2023 PV costs and cost savings.

Results of the per-unit cost-effectiveness analyses are presented in Table 51 and Table
63.

The cost effectiveness results vary by climate zone for all submeasures. Initial results in
Table 51 show that the gas boiler system submeasure is cost-effective for certain
building types in all climate zones with B/C ratios ranging from 0.12 to 7.20. As was the
case with Table 23 in Section 4.4, the B/C ratio for Climate Zone 15 is the least where
the B/C ratio for Climate Zone 16 is the greatest.

Similarly, results show that the gas service water heating submeasure presents cost-
effective savings for all climate zones. The B/C ratio ranges from 2.16 to 19.94 as
shown in Table 57 through Table 60. While costs are the same throughout all climate
zones, climate zones have different input water temperatures which changes the level
of energy savings.

The B/C ratio for oxygen concentration for commercial boilers is comparatively less
significant. For new construction, benefit-to-cost ratios range from 0.45 to 1.92.

The B/C ratio for oxygen concentration for process boilers is 4.8.

5.5.1 Cost Effectiveness Results — Gas Boiler Systems
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Table 51: 30-Year Cost-Effectiveness Summary Per Dwelling Unit — New
Construction (High Rise Mixed Use) for Gas Boiler Systems

Climate Benefits Costs Benefit-
Zone TDV Energy Cost Savings + Total Incremental to-Cost
Other PV Savings? PV Costs® Ratio

(2023 PV$) (2023 PV$)
1 $205.06 $114.08 1.80
2 $133.69 $115.35 1.16
3 $76.21 $103.14 0.74
4 $65.69 $105.04 0.63
5 $72.12 $109.99 0.66
6 $19.25 $99.20 0.19
7 $12.26 $99.40 0.12
8 $21.27 $94.75 0.22
9 $32.75 $96.06 0.34
10 $50.15 $99.60 0.50
11 $143.22 $114.22 1.25
12 $122.99 $113.73 1.08
13 $106.67 $112.57 0.95
14 $123.51 $117.78 1.05
15 $16.05 $90.42 0.18
16 $320.28 $119.08 2.69

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

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV
of current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.
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Table 52: 15-Year Cost-Effectiveness Summary Per Square Foot — New
Construction (HotelSmall) for Gas Boiler Systems

Climate Benefits Costs Benefit-
Zone  TDV Energy Cost Savings + Total Incremental PV  to-Cost
Other PV Savings? Costs® Ratio

(2023 PV$) (2023 PV$)
1 $0.20 $0.08 2.39
2 $0.13 $0.08 1.56
3 $0.10 $0.07 1.39
4 $0.08 $0.07 1.15
5 $0.09 $0.08 1.19
6 $0.04 $0.05 0.72
7 $0.03 $0.05 0.54
8 $0.04 $0.06 0.59
9 $0.05 $0.06 0.77
10 $0.06 $0.07 0.90
11 $0.13 $0.08 1.56
12 $0.12 $0.08 1.44
13 $0.10 $0.08 1.33
14 $0.12 $0.08 1.50
15 $0.03 $0.06 0.49
16 $0.24 $0.08 2.90

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

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV
of current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.
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Table 53: 15-Year Cost-Effectiveness Summary Per Square Foot — New
Construction (OfficeLarge) for Gas Boiler Systems

Climate Benefits Costs Benefit-
Zone  TDV Energy Cost Savings + Total Incremental PV  to-Cost
Other PV Savings? Costs® Ratio

(2023 PV$) (2023 PV$)
1 $0.25 $0.07 3.50
2 $0.19 $0.07 2.58
3 $0.14 $0.07 2.15
4 $0.13 $0.06 1.95
5 $0.15 $0.07 2.18
6 $0.08 $0.05 1.60
7 $0.07 $0.05 1.34
8 $0.08 $0.06 1.31
9 $0.09 $0.06 1.46
10 $0.10 $0.06 1.67
11 $0.17 $0.07 2.35
12 $0.16 $0.07 2.30
13 $0.14 $0.07 1.98
14 $0.17 $0.07 2.38
15 $0.06 $0.06 0.99
16 $0.28 $0.07 3.81

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

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV
of current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.
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Table 54: 15-Year Cost-Effectiveness Summary Per Square Foot — New
Construction (OfficeMedium) for Gas Boiler Systems

Climate Benefits Costs  Benefit-
Zone TDV Energy Cost Savings +  Total Incremental  to-Cost
Other PV Savings? PV Costs® Ratio

(2023 PV$) (2023 PV$)
1 $0.29 $0.13 2.15
2 $0.20 $0.14 1.43
3 $0.14 $0.12 1.17
4 $0.12 $0.12 1.02
5 $0.15 $0.13 1.15
6 $0.06 $0.09 0.65
7 $0.05 $0.09 0.50
8 $0.06 $0.11 0.58
9 $0.07 $0.10 0.78
10 $0.09 $0.10 0.92
11 $0.18 $0.14 1.35
12 $0.17 $0.13 1.27
13 $0.15 $0.13 1.1
14 $0.17 $0.13 1.29
15 $0.05 $0.10 0.45
16 $0.32 $0.13 2.37

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

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV
of current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.
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Table 55: 15-Year Cost-Effectiveness Summary Per Square Foot — New
Construction (OfficeMediumLab) for Gas Boiler Systems

Climate Benefits Costs Benefit-
Zone TDV Energy Cost Savings + Total Incremental PV to-Cost
Other PV Savings? Costs® Ratio

(2023 PV$) (2023 PV$)
1 $1.73 $0.24 7.20
2 $1.43 $0.25 5.75
3 $1.08 $0.21 5.07
4 $1.02 $0.22 4.66
5 $1.17 $0.23 5.13
6 $0.67 $0.16 4.05
7 $0.60 $0.16 3.71
8 $0.73 $0.20 3.67
9 $0.79 $0.20 3.93
10 $0.90 $0.21 4.28
11 $1.24 $0.24 5.11
12 $1.24 $0.24 5.14
13 $1.10 $0.24 4.68
14 $1.26 $0.25 4.95
15 $0.58 $0.19 3.07
16 $1.82 $0.26 7.05

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

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV
of current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.
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Table 56: 15-Year Cost-Effectiveness Summary Per Square Foot — New
Construction (SchoolSecondary) for Gas Boiler Systems

Climate Benefits Costs Benefit-
Zone TDV Energy Cost Savings + Total Incremental PV to-Cost
Other PV Savings? Costs® Ratio

(2023 PV$) (2023 PV$)
1 $0.43 $0.15 2.93
2 $0.30 $0.15 1.97
3 $0.22 $0.13 1.67
4 $0.19 $0.13 1.43
5 $0.21 $0.14 1.50
6 $0.09 $0.10 0.87
7 $0.07 $0.10 0.72
8 $0.10 $0.12 0.78
9 $0.12 $0.12 0.99
10 $0.14 $0.13 1.13
11 $0.29 $0.15 1.92
12 $0.27 $0.15 1.80
13 $0.24 $0.14 1.65
14 $0.27 $0.16 1.71
15 $0.07 $0.11 0.63
16 $0.55 $0.16 3.51

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

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

Table 57: 15-Year Cost-Effectiveness Summary Per Dwelling Unit — New
Construction (HighRiseApartment) for Service Water Heating Systems

Climate Benefits Costs Benefit-
Zone TDV Energy Cost Savings + Total Incremental PV~ to-Cost
Other PV Savings? Costs® Ratio

(2023 PV$) (2023 PV$)
1 $0.31 $0.02 13.19
2 $0.28 $0.02 11.91
3 $0.28 $0.02 11.86
4 $0.26 $0.02 11.09
5 $0.28 $0.02 11.86
6 $0.25 $0.02 10.62
7 $0.25 $0.02 10.60
8 $0.24 $0.02 10.21
9 $0.24 $0.02 10.34
10 $0.24 $0.02 10.30
11 $0.25 $0.02 10.61
12 $0.26 $0.02 11.11
13 $0.24 $0.02 10.23
14 $0.25 $0.02 10.72
15 $0.19 $0.02 8.10
16 $0.31 $0.02 13.00

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

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV
of current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.
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Table 58: 15-Year Cost-Effectiveness Summary Square Foot — New Construction
(HotelSmall) for Service Water Heating Systems

Climate Benefits Costs Benefit-
Zone TDV Energy Cost Savings + Total Incremental PV to-Cost
Other PV Savings? Costs® Ratio

(2023 PV$) (2023 PV$)
1 $0.31 $0.01 2.65
2 $0.28 $0.01 2.54
3 $0.28 $0.01 2.52
4 $0.26 $0.01 2.48
5 $0.28 $0.01 2.54
6 $0.25 $0.01 2.42
7 $0.25 $0.01 2.39
8 $0.24 $0.01 2.37
9 $0.24 $0.01 2.38
10 $0.24 $0.01 2.39
11 $0.25 $0.01 2.47
12 $0.26 $0.01 2.48
13 $0.24 $0.01 2.44
14 $0.25 $0.01 2.50
15 $0.19 $0.01 2.16
16 $0.31 $0.01 2.76

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

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV
of current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.
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Table 59: 15-Year Cost-Effectiveness Summary Per Square Foot — New
Construction (SchoolSecondary) for Service Water Heating Systems

Climate Benefits Costs Benefit-
Zone TDV Energy Cost Savings + Total Incremental PV to-Cost
Other PV Savings? Costs® Ratio

(2023 PV$) (2023 PV$)
1 $0.09 $0.01 9.64
2 $0.08 $0.01 9.26
3 $0.08 $0.01 9.21
4 $0.08 $0.01 9.08
5 $0.08 $0.01 9.28
6 $0.08 $0.01 8.85
7 $0.08 $0.01 8.76
8 $0.08 $0.01 8.68
9 $0.08 $0.01 8.73
10 $0.08 $0.01 8.74
11 $0.08 $0.01 9.01
12 $0.08 $0.01 9.07
13 $0.08 $0.01 8.91
14 $0.08 $0.01 9.12
15 $0.07 $0.01 7.80
16 $0.09 $0.01 9.95

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

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV
of current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.
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Table 60: 30-Year Cost-Effectiveness Summary Per Dwelling Unit — New
Construction (High Rise Mixed Use) for Service Water Heating Systems

Climate Benefits Costs Benefit-to-
Zone TDV Energy Cost Savings +  Total Incremental Cost Ratio
Other PV Savings? PV Costs®
(2023 PV$) (2023 PV$)

1 $391.80 $20.36 19.24

2 $353.47 $20.36 17.36

3 $352.39 $20.36 17.31

4 $328.59 $20.36 16.14

5 $352.40 $20.36 17.31

6 $314.14 $20.36 15.43

7 $313.65 $20.36 15.41

8 $301.38 $20.36 14.80
9 $305.24 $20.36 14.99
10 $303.95 $20.36 14.93
11 $312.95 $20.36 15.37
12 $328.93 $20.36 16.16
13 $301.26 $20.36 14.80
14 $316.28 $20.36 15.54
15 $234.64 $20.36 11.52
16 $384.35 $20.36 18.88

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

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

Table 61: 15-Year Cost-Effectiveness Summary Per Square Foot — New
Construction (OfficeLarge) for Commercial Oxygen Concentration

Climate Benefits Costs Benefit-
Zone TDV Energy Cost Savings +  Total Incremental ~ to-Cost
Other PV Savings? PV Costs® Ratio

(2023 PV$) (2023 PV$)
1 0.15 $0.09 1.71
2 0.11 $0.09 1.27
3 0.08 $0.08 1.02
4 0.08 $0.08 0.93
5 0.09 $0.08 1.05
6 0.05 $0.07 0.72
7 0.04 $0.07 0.58
8 0.05 $0.08 0.59
9 0.05 $0.08 0.68
10 0.06 $0.08 0.80
11 0.10 $0.09 1.16
12 0.10 $0.09 1.13
13 0.08 $0.09 0.97
14 0.10 $0.09 1.18
15 0.03 $0.07 0.45
16 0.17 $0.09 1.92

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

b. Costs: Total Incremental Present Valued Costs: Costs include incremental equipment,
replacement, and maintenance costs over the period of analysis. Costs are discounted at a real
(inflation-adjusted) three percent rate and if PV of proposed maintenance costs is greater than PV
of current maintenance costs. If incremental maintenance cost is negative, it is treated as a positive
benefit. If there are no total incremental PV costs, the B/C ratio is infinite.
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Table 62: 15-Year Cost-Effectiveness Summary Per Square Foot — New
Construction (SchoolSecondary) for Commercial Oxygen Concentration

Climate Benefits Costs Benefit-
Zone TDV Energy Cost Savings +  Total Incremental ~ to-Cost
Other PV Savings? PV Costs® Ratio

(2023 PV$) (2023 PV$)
1 0.25 $0.19 1.31
2 0.17 $0.19 0.89
3 0.12 $0.17 0.73
4 0.11 $0.17 0.63
5 0.12 $0.18 0.66
6 0.05 $0.14 0.36
7 0.04 $0.14 0.29
8 0.05 $0.16 0.33
9 0.07 $0.16 0.43
10 0.08 $0.17 0.50
11 0.17 $0.19 0.88
12 0.16 $0.19 0.82
13 0.14 $0.18 0.76
14 0.16 $0.20 0.80
15 0.04 $0.15 0.27
16 0.33 $0.20 1.69

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

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

Table 63: 15-Year Cost-Effectiveness Summary — Oxygen Concentration for Newly
Installed (New Construction and Replacement) Process Boilers

Climate Benefits Costs Benefit-
Zone TDV Energy Cost Savings + Other  Total Incremental PV~ to-Cost
PV Savings? Costs® Ratio

(2023 PV$) (2023 PV$)
13,253,500 2.761,145 4.8

All

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

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

6.1

Statewide Energy and Energy Cost Savings

The Statewide CASE Team calculated the first-year statewide savings for new
construction by multiplying the per-unit savings, which are presented in Section 4.4, by
assumptions about the percentage of newly constructed buildings that would be
impacted by the proposed code. The statewide new construction forecast for 2023 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 2023. The energy cost savings represent the energy cost
savings over the entire analysis period. The statewide savings estimates do not take
naturally occurring market adoption or compliance rates into account.

Table 64 through Table 67 present the first-year statewide energy and energy cost
savings from newly constructed buildings by climate zone.

Table 64: Statewide Energy and Energy Cost Impacts — New Construction for Gas

Boiler Systems

Climate

Zone Construction

Impacted by
Proposed Change
in 2023

(square feet)
242,125
1,437,837
7,358,189
3,831,001
705,031
4,762,538
3,320,307
6,989,842
12,423,901
3,915,734
884,244
6,297,164
1,604,336
1,080,838

Ao oA ©oNO oA WN =

Statewide New First-Year?2

Electricity
Savings
(GWh)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

First-Year First-Year

Peak
Electrical
Demand
Reduction

(MW)
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Natural
Gas
Savings
(million
therms)
0.00
0.01
0.05
0.02
0.01
0.02
0.01
0.02
0.05
0.02
0.01
0.05
0.01
0.01

15/-Year
Present
Valued Energy
Cost Savings

(million 2023
PV$)
0.08
0.33
1.19
0.55
0.12
0.37
0.22
0.55
1.16
0.48
0.20
1.25
0.32
0.21
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TOTAL

a.

15
16

471,761
317,147

55,641,995

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

N/A
N/A
N/A

N/A
N/A
N/A

0.00
0.01
0.31

0.03
0.12
718

Table 65: Statewide Energy and Energy Cost Impacts — New Construction for Gas
Service Hot Water Heating System Efficiency

Climate
Zone

TOTAL

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

TR DRI ©ONO A WN =

16

in 2023

(square feet)

46,870
278,350
1,261,929
650,692
127,815
739,940
790,683
1,027,037
1,577,267
927,959
191,515
1,075,552
368,867
201,170
146,662
63,274
9,475,583

Statewide New First-Year?
Construction
Impacted by

Proposed Change

Electricity
Savings
(GWh)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

First-Year First-Year

Peak
Electrical
Demand

Reduction

(MW)
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Natural
Gas
Savings
(million
therms)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01

15-Year
Present
Valued Energy
Cost Savings

(million 2023
PV$)
0.00
0.01
0.04
0.02
0.00
0.02
0.02
0.03
0.04
0.03
0.01
0.03
0.01
0.01
0.00
0.00
0.26
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Table 66: Statewide Energy and Energy Cost Impacts — New Construction for
Oxygen Concentration for Commercial Boilers

Climate Statewide New First- First-Year First-Year 15-Year
Zone Construction Year? Peak Natural Present
Impacted by Electricity Electrical Gas Valued Energy

Proposed Savings Demand Savings Cost Savings

Change in 2023 (GWh) Reduction (million  (million 2023

(square feet) (MW) therms) PV$)

1 107,232 N/A N/A 0.00 0.02

2 636,816 N/A N/A 0.00 0.09

3 3,273,545 N/A N/A 0.01 0.31

4 1,703,947 N/A N/A 0.01 0.14

5 312,572 N/A N/A 0.00 0.03

6 2,136,028 N/A N/A 0.00 0.1

7 1,408,985 N/A N/A 0.00 0.06

8 3,150,700 N/A N/A 0.01 0.15

9 5,606,846 N/A N/A 0.01 0.31
10 1,768,161 N/A N/A 0.01 0.13
11 417,370 N/A N/A 0.00 0.06
12 2,897,121 N/A N/A 0.01 0.34
13 778,442 N/A N/A 0.00 0.09
14 495,451 N/A N/A 0.00 0.06
15 205,300 N/A N/A 0.00 0.01
16 148,614 N/A N/A 0.00 0.04
TOTAL 25,047,156 N/A N/A 0.08 1.93

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

Table 67: Statewide Energy and Energy Cost Impacts — Newly Installed Process
Boilers Oxygen Concentration

Climate Statewide New First- First-Year First-Year 15-Year
Zone Construction Year? Peak Natural Present Valued
Impacted by Electricity Electrical Gas Energy Cost
Proposed Savings Demand Savings Savings
Change in 2023 (GWh) Reduction (million (million 2023
(million square (MW) therms) PV$)
feet)
All NA N/A N/A 0.62 13.3
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6.2 Statewide Greenhouse Gas (GHG) Emissions Reductions

The Statewide CASE Team calculated avoided GHG emissions assuming the
emissions factors specified in the United States Environmental Protection Agency (U.S.
EPA) Emissions & Generation Resource Integrated Database (eGRID) for the Western
Electricity Coordination Council California (WECC CAMX) subregion. The electricity
emission factor represents savings from avoided electricity generation and accounts for
the GHG impacts if the state meets the Renewable Portfolio Standard goal of 33
percent renewable electricity generation by 2020.” Avoided GHG emissions from natural
gas savings attributable to sources other than utility-scale electrical power generation
are calculated using emissions factors specified in U.S. EPA’s Compilation of Air
Pollutant Emissions Factors (AP-42). See Appendix C for additional details on the
methodology used to calculate GHG emissions.

Table 68: Statewide GHG Emissions Impacts — New Construction, Alterations and
Additions present the estimated first-year avoided GHG emissions of the proposed code
changes. During the first year, GHG emissions of 15,838 metric tonnes of carbon
dioxide equivalents (Metric Tonnes CO2e) would be avoided.

Table 68: Statewide GHG Emissions Impacts — New Construction, Alterations and
Additions

Measure Electricity Reduced GHG Natural Reduced GHG Total

Savings? Emissions Gas Emissions Reduced

(GWhlyr) from Electricity Savings? from Natural CO2ze

Savings? (million Gas Savings?® Emissions?P

(Metric Tonnes thermslyr) (Metric (Metric

CO2e) Tonnes CO2e¢) Tonnes

CO2e)

Gas Boiler 0 0 0.31 1,691 1,691
Systems

Service Water 0 0 0.01 62 62
Heating

Commercial 0 0 0.08 453 453
Oxygen

Concentration

7 When evaluating the impact of increasing the Renewable Portfolio Standard from 20 percent
renewables by 2020 to 33 percent renewables by 2020, the California Air Resources Board (CARB)
published data on expected air pollution emissions for various future electricity generation scenarios
(CARB 2010). The incremental emissions were calculated by dividing the difference between California
emissions in the CARB high and low generation forecasts by the difference between total electricity
generated in those two scenarios.
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Process 0 0 0.62 3,392 3,392
Oxygen
Concentration

TOTAL 0 0 1.24 6,730 6,730
a. First-year savings from all buildings completed statewide in 2023.
b. Assumes the following emission factors: xxx MTCO2e/GWh and xxx MTCO2e/million therms.

6.3 Statewide Water Use Impacts

The proposed code change would not result in water savings.

6.4 Statewide Material Impacts

For the boiler and service water heating submeasures, the materials used for the heat
exchangers would be impacted. Non-condensing boilers use a cast iron, aluminum,
copper, stainless steel or steel for the primary heat exchanger. "A condensing boiler,
can have either one primary heat exchanger that is made from corrosion-resistant
material or one primary and one secondary heat exchanger with the latter being made
from corrosion-resistant material" (DOE 2016). Condensing boilers use an aluminum,
copper, stainless steel or steel for the heat exchanger(s). According to this DOE report,
steel and aluminum primary heat exchangers represent about the same market share
for non-condensing systems compared to condensing systems, therefore this analysis
assumes no change in these materials. Since cast iron cannot be used for condensing
boiler heat exchangers, there would be a decrease in cast iron and an increase in
stainless steel and copper. To determine the per-unit decrease in cast iron, the overall
shipping weights of cast iron boilers were compared to a weighted average of boilers
using stainless steel and copper heat exchangers. First-year statewide impacts are
estimated assuming that 40 percent of the newly installed boilers would have used cast
iron heat exchangers (DOE 2016). To estimate the per-unit increases for stainless steel
and copper, the weights of several boilers were compared that are made as either non-
condensing or condensing and use stainless steel and copper in both applications. It is
assumed that the increase in weight associated with these condensing systems is due
to the increase of these materials used in the primary heat exchanger or used as the
secondary heat exchanger. According to AHRI, approximately 75 percent of condensing
natural gas-fired commercial boilers have stainless steel heat exchangers. For the
purposes of this analysis, it is assumed that 75 percent of newly installed condensing
boilers would have stainless steel heat exchangers and 25 percent have copper heat
exchangers. The results of this analysis are found in Table 69.

For service water heating, stainless steel is generally required to ensure safe
consumption of the water. Since condensing water heaters also use larger or additional
heat exchangers compared to non-condensing water heaters, there would be an
increase in stainless steel as shown in
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Table 70. To determine the per-unit impacts, the shipping weights of fifteen water
heaters that are made as either condensing or non-condensing were compared, and the
average weight difference is used. These water heaters range in capacity from 0.5
MMBtu/h to 6 MMBtu/h. It is assumed that the increase in weight of the condensing
models is due to the additional stainless steel used in the heat exchanger(s).

Other materials may be impacted due to venting requirements and condensate
management, but stakeholder feedback is needed to estimate the impacts since a
variety of materials can be used to vent and neutralize condensate.

For the oxygen concentration submeasure, the 2013 CASE Report for process boilers
was referenced for per unit material impacts. It is assumed that oxygen trim control
would be used to achieve 3 percent excess oxygen. The material impacts are based on
an estimated weight of approximately 5 pounds for the exhaust gas sampling probes
and exhaust gas analyzer. This is composed of roughly 3 pounds of steel, 1 pound of
copper, and 1 pound of plastic (CPUC 2011). Table 71 shows the per unit impacts and
the first-year statewide impacts using the estimated 151 boilers that would need to
comply with this submeasure.

Table 69: First-Year Statewide Impacts on Material Use — Gas Boiler Systems

Material Impact Impact on Material Use (pounds/year)
(I, D, or NC)*  per-Unit Impacts First-Year® Statewide Impacts

Mercury NC NC NC

Lead NC NC NC

Copper I 119 lbs/yr 19,879 Ibs/yr
Stainless Steel I 85.1 Ibs/yr 42,647 Ibs/yr

Plastic NC NC NC

Cast Iron D 2,027 Ibsl/yr 541,877 Ibs/yr

Others (Identify) NC NC NC

a. Material Increase (I), Decrease (D), or No Change (NC) compared to base case (Ibs/yr).
b. First-year savings from all buildings completed statewide in 2023.
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Table 70: First-Year Statewide Impacts on Material Use — Gas Service Water
Heating

Material Impact Impact on Material Use (pounds/year)
(I, D, or NC)* Pper-Unit Impacts First-Year® Statewide Impacts
Mercury NC NC NC
Lead NC NC NC
Copper NC NC NC
Stainless Steel I 82.4 Ibs/yr 17,012 lbs/yr
Plastic NC NC NC
Cast Iron NC NC NC
Others NC NC NC
(Identify)

a. Material Increase (l), Decrease (D), or No Change (NC) compared to base case (lbs/yr).

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

Table 71: First-Year Statewide Impacts on Material Use — Oxygen Concentration

Material Impact Impact on Material Use (pounds/year)
(I,N %)Sr Per-Unit Impacts First-Year® Statewide Impacts

Mercury NC NC NC

Lead NC NC NC

Copper I 0.07 Ibs/yr 10.57 Ibs/yr

Steel I 0.2 Ibslyr 30.2 Ibs/yr

Plastic I 0.07 lbs/yr 10.57 lbs/yr

Others (Identify) NC NC NC

a. Material Increase (l), Decrease (D), or No Change (NC) compared to base case (Ibs/yr).
b. First-year savings from all buildings completed statewide in 2023.

6.5 Other Non-Energy Impacts
The proposed code change would not result in other non-energy impacts.
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/. Proposed Revisions to Code Language

71

Guide to Markup Language

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

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

7.2 Standards

SECTION 110.2 - MANDATORY REQUIREMENTS FOR SPACE-CONDITIONING

EQUIPMENT
TABLE 110.2-K Gas- and Oil-Fired Boilers, Minimum Efficiency requirements
Equipment Sub Size Category (Input) Minimum Test
Type Category Efficiency®* Procedure?
Before After 3/2/2020
2 looag 01/10/2023
Boiler, hot | Gas-Fired < 300,000 Btu/h 82%-AFUE 82% AFUE DOE 10 CFR
water Part 430
>300,000 Btu/hand | 80%E: 84 80% E; DOE 10 CFR
< 2,500,000 Btu/h ¢ o Part 431
> 2,500,000 Btu/h 82%E. 85 82% E.
and
<10,000,000 Btu/h ©
>10,000,000 Btu/h 82% Ec
Oil-Fired < 300,000 Btu/h 84%-AFJE 84% AFUE DOE 10 CFR
Part 430
> 300,000 Btu/h and 82%E; 87 82% E: DOE 10 CFR
< 2,500,000 Btu/h ¢ Part 431
>2,500,000 Btu/h and 84%E. 88 84% E.
<10,00,000 Btu/h ©
>10,000,000 Btu/h 84% Ec
Boiler, steam | Gas-Fired < 300,000 Btu/h 80%-AFUE 80% AFUE DOE 10 CFR
Part 430
> 300,000 Btu/h and 81% Et DOE 10 CFR
< 2,500,000 Btu/h Part 431
>2,500,000 Btu/h and 82% Et DOE 10 CFR
<10,000,000 Btu/h Part 431
>10,000,000 Btu/h 79% Et DOE 10 CFR
Part 431
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Gas-Fired | 2300,000 Btu/hand FO%6-E, FO%%6-E, DOEI10 CER
all-exeept | <2;500; d Part431
T:;aj' 2,500,000 Btu/hand| 79%E, 79%E, DOE10CFR
<10,000,000 Btufh-¢ Pord2L
naturat <2.500,000-Btuth-¢ Poped21
eraft |5 £00,000 Btufhand| 77%E 79%E, DOE10CFR
<10,000,000 Btu/h-¢ Pord2L
Oil-Fired < 300,000 Btu/h S0 ARUE 82% AFUE DOE 10 CFR
Part 430
> 300,000 Btu/h and 81% ¢ 84 81% E DOE 10 CFR
< 2,500,000 Btu/h ¢ Part 431
>2,500,000 Btu/h and SLY%-E, 85 81% E¢ DOE 10 CFR
< 10,000,000 Btu/h Part 431
>10,000,000 Btu/h 81% Et DOE 10 CFR
Part 431
@ Applicable test procedure and reference year are provided under the definitions.
bEc = combustion efficiency (100% less flue losses).See reference document for detailed
information.
¢Et= thermal efficiency. See test procedure for detailed information.
4 Maximum capacity - minimum and maximum ratings as provided for and allowed by the
unit’s controls.
® Included oil-fired (residual).

NOTE: Authority: Sections 25213, 25218, 25218.5, 25402 and 25402.1, Public Resources Code.
Reference: Sections 25007, 25008, 25218.5, 25310, 25402, 25402.1, 25402.4, 25402.8, and
25943, Public Resources Code

SECTION 120.6 - MANDATORY REQUIREMENTS FOR COVERED PROCESSES

(d) Mandatory Requirements for Process Boilers
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4. 3. Newly installed process boilers with an input capacity greater than 5 48 MMBtu/h
(5,000,000 40,800,000 Btu/h) shall maintain execess {stack-gas} oxygen concentrations at less
than or equal to 3.0 percent by volume on a dry basis over firing rates of 20 percent to 100
percent. Combustion air volume shall be controlled with respect to measured flue gas oxygen
concentration. Use of a common gas and combustion air control linkage or jack shaft is
prohibited.

SECTION 120.9 —= MANDATORY REQUIREMENTS FOR COMMERCIAL BOILERS.

(c) Newly installed boilers in new buildings with an input capacity 5 MMBtu/h (5,000,000
Btu/h) and greater shall maintain excess {stack-gas} oxygen concentration at less than or
equal to 5-8-percent 3.0 percent by volume on a dry basis over firing rates of 20 percent

to 100 percent. Other newly installed boilers with an input capacity 5 MMBtu/h

(5,000,000 Btu/h) and greater shall maintain stack-gas oxygen concentration at less than

or equal to 5.0 percent by volume on a dry basis over firing rates of 20 to 100 percent.
Combustion air volume shall be controlled with respect to firingrate-or flue gas oxygen
concentration. Use of a common gas and combustion air control linkage or jack shift is
prohibited.

EXCERTION-to-Section-120.9(c}: Bol " I ol load | affici ot
Boreor e AlEReR

SECTION 140.4 — PRESCRIPTIVE REQUIREMENTS FOR SPACE CONDITIONING
SYSTEMS

(k) Hydronic System Measures

(8) High Capacity Space Heating Gas Boiler Systems. New buildings with gas hot water boiler
systems for space heating with a total system input of at least 1IMMBtu/h but no more than

10MMBtu/h shall meet all of the following requirements.

A. Boiler System Efficiency. Gas hot water boilers shall have a minimum thermal efficiency

of 90 percent. Systems with multiple boilers can meet this requirement if the space-heating

input provided by equipment with thermal efficiencies above and below 90 percent has an

input capacity-weighted average thermal efficiency of at least 90 percent. For boilers rated

only for combustion efficiency, the calculation for the input capacity-weighted average

thermal efficiency shall use the combustion efficiency value.

B. Hot water distribution design. The hot water distribution system shall be designed to
comply with items i and ii.
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i. Coils and other heat exchangers shall be selected so that at design conditions the hot

water return temperature entering the boilers is 120°F or less.

ii__Under all operating conditions, the water temperature entering the boiler is 120°F or

less or the flow rate of supply hot water that recirculates directly into the return

system, such as by 3-way valves or minimum flow bypass controls, shall be no greater

than 20 percent of the design flow of the operating boilers.

Exception 1 to 140.4(k)8: Where 25 percent of the annual space heating requirement is

provided by on-site renewable energy, site-recovered energy, or heat recovery chillers.

Exception 2 to 140.4(k)8: Space heating boilers installed in individual dwelling units.

Exception 3 to 140.4(k)8: Where 50 percent or more of the design heating load is served using

perimeter convective heating, radiant ceiling panels or both.

Exception 4 to 140.4(k)8: Individual gas boilers with input capacity less than 300,000 Btu/h shall
not be included in the calculations of the total system input or total system efficiency.

SECTION 140.5 - PRESCRIPTIVE REQUIREMENTS FOR SERVICE WATER
HEATING SYSTEMS

(a) Nonresidential Occupancies. A service water heating system installed in a nonresidential
building complies with this section if it complies with the applicable requirements of
Sections 110.1, 110.3 and 120.3 and 140.5(c).

(b) High-Rise Residential and Hotel/Motel Occupancies. A service water heating system
installed in a high-rise residential or hotel/motel building complies with this section if it
meets the requirements of Section 150.1(c)8 and 140.5(c).

(c) High Capacity Service Water Heating Systems. Gas service water-heating systems in new
buildings with a total installed gas water-heating input capacity of 1 MMBtu/h or greater
must have gas service water-heating equipment with a minimum thermal efficiency of 90
percent. Multiple units are allowed to meet this requirement if the water-heating input
provided by equipment with thermal efficiencies above and below 90 percent averages out
to an input capacity-weighted average of at least 90 percent.

Exception 1 to 140.5(c): If 25 percent of the annual service water-heating requirement is
provided by site-solar energy or site-recovered energy.

Exception 2 to 140.5(c): Water heaters installed in individual dwelling units.

Exception 3 to 140.5(c): Individual gas water heaters with input capacity at or below
100,000 Btu/h.

7.3 Reference Appendices
There are no proposed changes to the Reference Appendices.
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7.4 ACM Reference Manual

These proposed changes to the Nonresidential ACM Reference Manual are essential
for the software to measure weighted thermal efficiencies of the covered boiler and

water heater systems.

Section 5.8.1 Boilers

Boiler Efficiency Type

Applicability

All boilers

Definition

The full load efficiency of a boiler is expressed as one of the
following:

Annual fuel utilization efficiency (AFUE) is a measure of the boiler’s
efficiency over a predefined heating season.

Thermal Efficiency (E:) is the ratio of the heat transferred to the
water divided by the heat input of the fuel.

Combustion efficiency (E¢) is the measure of how much energy is
extracted from the fuel and is the ratio of the heat transferred to
the combustion air divided by the heat input of the fuel.
Input-weighted thermal efficiency is the thermal efficiencies of
multiple boilers that are weighed by a water-heating input factor.

Units

List (see above)

Input Restrictions

None

Standard Design

AFUE for all gas-fired boilers with less than 300,000 Btu/h capacity.
Thermal Efficiency (E:) for all gas and oil-fired boilers with capacities
between 225,000 and 2,500,000 Btu/h.

Combustion efficiency (E.), for all gas and oil-fired boilers with
capacities above 2,500,000 Btu/h.

Weighted thermal efficiency is a system level metric that will be
only be used for systems with capacities between 1 MM Btu/h and
10 MM Btu/h that have multiple gas-fired hot water boilers.

Standard Design:
Existing Buildings

Boiler Efficiency Table

The “boiler efficiency” in 5.8.1 would be modified to include the proposed thermal
efficiencies for covered boilers.

Boiler Efficiency

Applicability

All boilers

Definition

The full load efficiency of a boiler or boiler system at rated conditions
(see efficiency type above) expressed as a dimensionless ratio of
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output over input. The software must accommodate input in either
thermal efficiency (Et), combustion efficiency (Ec), or AFUE. The
software shall make appropriate conversions to thermal efficiency if
either AFUE or combustion efficiency is entered as the rated
efficiency. Where AFUE is provided, Et shall be calculated as follows:

75% < AFUE<80% | E:=0.1(AFUE +
72.5%)

80% < AFUE <100% | E:=0.875(AFUE +
10.5%)

If combustion efficiency is entered, the compliance software shall
convert the efficiency to thermal efficiency by the relation:
Ei=E.-0.015

All electric boilers will have an efficiency of 98 percent.

Units

Ratio

Input Restrictions

As designed

Standard Design

Gas-fired hot water boilers, with rated input of at least 300,000 Btu/h,
and a part of boiler systems, with one or more boilers, between 1
MMBtu/h and 10 MMBtu/h are assumed to have the minimum system
thermal efficiency level of 90%. Beilersforthe-standard-design All
other boilers are assumed to have the minimum efficiency as listed in
Table E-4 of the California Appliance Efficiency Regulations.

Standard Design:
Existing Buildings

Hot Water Return Temperature

Applicability All Boilers

Definition The temperature of the water returning to the boiler from the hot
water loop

Units Degrees Fahrenheit (°F)

Input Restrictions

As designed.

Standard Design

For gas fired hot water boilers that are a part of systems with
capacities between 1 MMBtu/h and 10 MMBtu/h, use 120°F. For
health care facilities, not serviced by the systems in the previous
sentence, same as Proposed Design. For all others, use 140°F for
standard design boiler.

Standard Design:
Existing Buildings
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Supply hot water flow rate

Applicability Gas-fired hot water boiler systems with capacity between 1 MMBtu/h
(1,000,000 Btu/h) and 10 MMBtu/h

Definition Supply hot water flow rate is the rate by which water that recirculates
into the boiler systems when compared to the design flow

Units Percentage of design flow

Input Restrictions

Percentages range from 0 to 100

Standard Design

The standard design shall have flow rates that are 20% of the design

flow rates of an operating boiler.

Standard Design:
Existing Buildings

Hot Water Supply Temperature table

Applicability
Definition

Units
Input Restrictions
Standard Design

Standard Design:
Existing Buildings

All Boilers

The temperature of the water produced by the boiler and supplied to
the hot water loop

Degrees Fahrenheit (°F)
As designer

For health care facilities, same as Proposed Design. For gas hot water
boilers, with capacity between 1 MMBtu/h (1,000,000 Btu/h) and 10

MMBtu/h, use proposed system design. For all others, Use 180°F for

standard design boiler.

Section 5.9.1.2 Water Heaters

Thermal Efficiency

Applicability Oil and gas-fired water heaters or gas-service water heater systems
not covered by NAECA

Definition The full load efficiency of a water heater at rated conditions
expressed as a dimensionless ratio of output over input. It is also
referred to as recovery efficiency.

Units Unitless ratio

Input Restrictions

Building descriptors for the proposed design should be consistent
with equipment specified on the construction documents or
observed in the candidate building.

Standard Design

For all nonresidential buildings and high-rise residential spaces
including hotels and motels, gas service water heating systems with
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capacities over 1,000,000 Btu/h must have thermal efficiencies in
accordance with Title 24, Part 6, Section 140.5. All other water
heaters in nonresidential buildings and nonresidential spaces will
have thermal efficiency determined from Table F-2 in the Appliance
Efficiency Regulations. For high-rise residential spaces and residential
living spaces of hotels and motels (guestrooms), the rules in the
Residential ACM Reference Manual are followed.

Standard Design:
Existing Buildings

7.5 Compliance Manuals

Chapter 4 of the Nonresidential Compliance Manual would need to be revised. Section
4.2.2 would need to indicate there are relevant efficiency requirements for boiler and
service water heating systems in Title 24, Part 6. Section 4.2.9 would need to be
revised in order to account for the update to the oxygen concentration level for newly
installed boilers with capacities above 5 MMBtu/h (5,000,000 Btu/h). Changes would
also be made to Section 4.5.2.6 to include the updated return hot water design
requirements in the manual. Lastly, changes would be made in Section 4.7 to add the
new prescriptive requirements for service water heating.

7.6 Compliance Documents

Compliance documents NRCC-MCH-E, NRCC-PLB-E, and NRCC-PRC-E would need
to be revised. The compliance documents would need to be updated to document the

weighted thermal efficiency, the return temperature and flow rates of the boiler(s) and

water heater(s). Designers would need to be aware of the new trigger for oxygen trim

control and adjust design recommendations accordingly.
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Appendix A: Statewide Savings Methodology

To calculate first-year statewide savings, the Statewide CASE Team multiplied the per-
unit savings by statewide construction estimates for the first year the standards will be
in effect (2023). The projected nonresidential new construction forecast that will be
impacted by the proposed code change in 2023 is presented in Table 72 through Table
74 . The proposed code changes will not impact alterations to existing buildings. This
appendix describes how the Statewide CASE Team developed these estimates.

The Energy Commission construction forecast, which is available for public review on
the Energy Commission’s website: htips://www.enerqgy.ca.gov/title24/participation.html.

The construction forecast presents total floorspace of newly constructed buildings in
2023 by building type and climate zone. The building types included in the Energy
Commissions’ forecast are summarized in Table 20. This table also identifies the
prototypical buildings that were used to model the energy use of the proposed code
changes. This mapping was required because the building types the Energy
Commission defined in the construction forecast are not identical to the prototypical
building types that the Energy Commission requested that the Statewide CASE Team
use to model energy use. This mapping is consistent with the mapping that the Energy
Commission used in the Final Impacts Analysis for the 2019 code cycle (California
Energy Commission 2018).

The Energy Commission’s forecast allocated 19 percent of the total square footage of
new construction in 2023 to the miscellaneous building type, which is a category for all
space types that do not fit well into another building category. It is likely that the Title 24,
Part 6 requirements apply to the miscellaneous building types, and savings would be
realized from this floorspace. The new construction forecast does not provide sufficient
information to distribute the miscellaneous square footage into the most likely building
type, so the Statewide CASE Team redistributed the miscellaneous square footage into
the remaining building types so that the percentage of building floorspace in each
climate zone, net of the miscellaneous square footage, would remain constant. See
Table 75 for a sample calculation for redistributing the miscellaneous square footage
among the other building types.

After the miscellaneous floorspace was redistributed, the Statewide CASE Team made
assumptions about the percentage of newly constructed floorspace that would be
impacted by the proposed code change. Table 76through
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Table 78 present the assumed percentage of floorspace that would be impacted by the
proposed code change by building type. Please note that the Statewide CASE Team is
still waiting on the proper building prototype for hospitals and will update the below
tables when received. If a proposed code change does not apply to the floorspace
would be impacted by the proposal. If the assumed percentage is non-zero, but less
than 100 percent, it is an indication that no buildings would be impacted by the
proposal.

To determine the percentage of nonresidential square footage and multifamily dwelling
units that were impacted by this proposal, the Statewide CASE Team first analyzed the
existing boiler and service water heating capacities of the CBECC-Com building
prototypes. If these capacities triggered the requirements, then the entire square
footage of new construction for that building type was assumed to impacted by the
proposal.

If the existing capacities of the CBECC-Com building prototypes did not meet the
threshold, the Statewide CASE Team utilized ASHRAE building prototype models to
determine a boiler and service water heating Btu per square foot intensity for each
building type (DOE n.d.). Using this number, a square footage “threshold” was
determined to figure out the size a building needed to be to have service water heating
or boiler space heating capacity of at least 1 MMBtu. Information from the Energy
Information Administration’s 2012 Commercial Buildings Energy Consumption Survey
(CBECS) was then utilized to determine the percentage of buildings from each building
type that would meet their respective size threshold such the boiler or service water
heating systems would be equal to or greater than 1 MMBtu. 2012 CBECS survey data
gives information on the sizes of building prototypes (Energy Information Administration
2015). The CBECS building types do not align perfectly with prototypical buildings
available in CBECC-Com, so assumptions were made to map the CBECS and CBECC-
Com buildings as closely as possible.
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Table 79, Table 80, and Table 81 present percentage of floorspace assumed to be
impacted by the proposed change by climate zone once the Statewide CASE Team has
all the proper building prototype models.
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Table 72: Estimated New Nonresidential Construction Impacted by Proposed Code Change in 2023 (New Construction), by

Climate Zone and Building Type (Million Square Feet), Gas Boilers

Climate

Zone

D ORI ©WO NN WN -

TOTAL

Small
Office

O O O O OO0 O0OO0OO0OO0OO0OO0OO0oOoO oo

Restaurant Retail

O O O O OO0 O0OO0OO0OO0OO0OO0OO0oO o oo

O O OO O 0000000 ooo oo

New Construction in 2023 (Million Square Feet)

Food

O O OO OO0 0O0O00OO0O0Oooo oo

Non- Refrigerated School College
Refrigerated Warehouse

Warehouse

O O O O OO0 O0OO0O0OO0O0OO0OO0OoO oo

O O OO OO0 0O0O0O0O0OO0OO0oOooo oo

0.02
0.15
0.59
0.30
0.06
0.32
0.35
0.44
0.60
0.63
0.17
0.69
0.37
0.13
0.09
0.05
4.96

0.03
0.18
0.78
0.40
0.08
0.41
0.36
0.58
1.09
0.56
0.16
0.71
0.31
0.12
0.05
0.05
5.86

Hospital Hotel/
Pending for Motel

all climate
zones: Will
be presented
in Final
CASE Report

0.04
0.25
1.15
0.59
0.12
0.68
0.73
0.94
1.44
0.82
0.16
0.95
0.31
0.18
0.13
0.05

8.6

Large TOTAL
Office

0.15
0.86
4.84
2.54
0.45
3.35
1.88
5.03
9.30
1.90
0.40
3.95
0.62
0.65
0.20
0.17
36.28
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Table 73: Estimated New Nonresidential Construction Impacted by Proposed Code Change in 2023 (New Construction), by
Climate Zone and Building Type (Million Square Feet), Gas Service Water Heating

Climate New Construction in 2023 (Million Square Feet)
Zone  gmall Restaurant Retail Food Non- Refrigerated School College  Hospital Hotel/ Large TOTAL

Office Refrigerated Warehouse Pending for Motel Office

Warehouse all climate

zones: Will

be presented

in Final

CASE Report
1 0 0 0 0 0 0 0.00 0.00 0.04 0
2 0 0 0 0 0 0 0.02 0.0 0.25 0
3 0 0 0 0 0 0 0.09 0.05 1.15 0
4 0 0 0 0 0 0 0.05 0.03 0.59 0
5 0 0 0 0 0 0 0.01 0.01 0.12 0
6 0 0 0 0 0 0 0.05 0.03 0.68 0
7 0 0 0 0 0 0 0.05 0.02 0.73 0
8 0 0 0 0 0 0 0.07 0.04 0.94 0
9 0 0 0 0 0 0 0.1 0.07 1.44 0
10 0 0 0 0 0 0 0.09 0.04 0.82 0
11 0 0 0 0 0 0 0.02 0.01 0.16 0
12 0 0 0 0 0 0 0.10 0.05 0.95 0
13 0 0 0 0 0 0 0.05 0.02 0.31 0
14 0 0 0 0 0 0 0.02 0.01 0.18 0
15 0 0 0 0 0 0 0.01 0.00 0.13 0
16 0 0 0 0 0 0 0.01 0.00 0.05 0
TOTAL 0 0 0 0 0 0 0.88 0.39 8.6 0

Table 74: Estimated New Nonresidential Construction Impacted by Proposed Code Change in 2023 (New Construction), by
Climate Zone and Building Type (Million Square Feet), Commercial Oxygen Concentration

New Construction in 2023 (Million Square Feet)
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Climate Small Restaurant Retail Food Non- Refrigerated School College Hospital Hotel/ Large TOTAL

Zone Office Refrigerated @ Warehouse Pending for Motel Office

Warehouse all climate

zones: Will

be presented

in Final

CASE Report
1 0 0 0 0 0 0 0.02 0.01 0 0.07
2 0 0 0 0 0 0 0.15 0.06 0 0.44
3 0 0 0 0 0 0 0.60 0.26 0 2.44
4 0 0 0 0 0 0 0.30 0.13 0 1.28
5 0 0 0 0 0 0 0.06 0.03 0 0.23
6 0 0 0 0 0 0 0.33 0.14 0 1.69
7 0 0 0 0 0 0 0.35 0.12 0 0.95
8 0 0 0 0 0 0 0.45 0.19 0 2.53
9 0 0 0 0 0 0 0.60 0.37 0 4.68
10 0 0 0 0 0 0 0.64 0.19 0 0.96
11 0 0 0 0 0 0 0.17 0.05 0 0.20
12 0 0 0 0 0 0 0.69 0.24 0 1.99
13 0 0 0 0 0 0 0.37 0.10 0 0.32
14 0 0 0 0 0 0 0.13 0.04 0 0.33
15 0 0 0 0 0 0 0.09 0.02 0 0.10
16 0 0 0 0 0 0 0.05 0.02 0 0.08
TOTAL 0 0 0 0 0 0 5.00 1.97 0 18.30
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Table 75: Example of Redistribution of Miscellaneous Category - 2023 New

Construction in Climate Zone 1

Building Type

Small Office
Large Office
Restaurant
Retail
Grocery Store

Non-
Refrigerated
Warehouse

Refrigerated
Warehouse

Schools
Colleges
Hospitals
Hotel/Motels
Miscellaneous
[D]

TOTAL

2020
Forecast

(Million
Square Feet)
[A]

0.036

0.114

0.015

0.107

0.029

0.079

0.006

0.049
0.027
0.036
0.043
0.145

0.686

Distribution
Excluding
Miscellaneous
Category

[B]
7%
21%
3%
20%
5%
15%

1%

9%
5%
7%
8%

100%

Miscellaneous
Category

(Million Square Feet)
[C]1=B x [D = 0.145]

0.010
0.031
0.004
0.029
0.008
0.021

0.002

0.013
0.007
0.010
0.012
0.000

0.147

Redistribution of Revised 2020

Forecast
(Million
Square Feet)
[E]=A+C
0.046

0.144

0.020

0.136

0.036

0.101

0.008

0.062
0.034
0.046
0.055
0.145

0.83370

Table 76: Percent of Floorspace Impacted by Proposed Measure, by Building
Type for Gas Boilers Systems

Building Type Composition of

Building sub-type ~ Building Type by
Subtypes?

Small Office

Restaurant

Retail
Stand-Alone Retail 10%
Large Retail 75%

Strip Mall 5%
Mixed-Use Retail 10%

Food

Non-Refrigerated

Warehouse

New Construction

0%
0%
0%
0%
0%
0%

100%

0%
0%

Percent of Square Footage Impacted®
Existing Building Stock

(Alterations)®
0%
0%
0%
0%
0%
0%
0%
0%
0%
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Refrigerated 0% 0%
Warehouse

Schools 40% 0%
Small School 60% 0% 0%
Secondary School 40% 100% 0%

College 90% 0%
Small Office 5% 0% 0%
Medium Office 15% 100% 0%
Medium Office/Lab 20% 100% 0%
Public Assembly 5% 0% 0%
Secondary School 30% 100% 0%
High-Rise 25% 100% 0%
Apartment

Hospital Pending 0%

Hotel/Motel 80% 0%

Offices 100% 0%
Medium Office 50% 100% 0%
Large Office 50% 100% 0%

a. Presents the assumed composition of the main building type category by the building subtypes. All
2022 CASE Reports assumed the same percentages of building subtypes.

b. When the building type is composed of multiple subtypes, the overall percentage for the main
building category was calculated by weighing the contribution of each subtype.

c. Percent of existing floorspace that would be altered during the first year the 2022 standards are in
effect.

Table 77: Percent of Floorspace Impacted by Proposed Measure, by Building
Type for Service Water Heating Systems

Building Type Composition of Percent of Square Footage Impacted®
Building sub-type Building Type New Existing Building Stock

by Subtypes®  construction (Alterations)®
Small Office 0% 0%
Restaurant 0% 0%
Retail 0% 0%
Stand-Alone Retail 10% 0% 0%
Large Retail 75% 0% 0%
Strip Mall 5% 0% 0%
Mixed-Use Retail 10% 0% 0%
Food 0% 0%
Non-Refrigerated 0% 0%
Warehouse
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Refrigerated 0% 0%
Warehouse

Schools 4% 0%
Small School 60% 0% 0%
Secondary School 40% 11% 0%

College 6% 0%
Small Office 5% 0% 0%
Medium Office 15% 0% 0%
Medium Office/Lab 20% 0% 0%
Public Assembly 5% 0% 0%
Secondary School 30% 11% 0%
High-Rise Apartment 25% 10% 0%

Hospital Pending 0%

Hotel/Motel 80% 0%

Offices 0% 0%
Medium Office 50% 0% 0%
Large Office 50% 0% 0%

a. Presents the assumed composition of the main building type category by the building subtypes. All
2022 CASE Reports assumed the same percentages of building subtypes.

b. When the building type is composed of multiple subtypes, the overall percentage for the main
building category was calculated by weighing the contribution of each subtype.

c. Percent of existing floorspace that would be altered during the first year the 2022 standards are in
effect.
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Table 78: Percent of Floorspace Impacted by Proposed Measure, by Building

Type for Commercial Oxygen Concentration

Building Type
Building sub-type

Small Office
Restaurant

Retail

Stand-Alone Retail
Large Retail

Strip Mall
Mixed-Use Retail
Food

Non-Refrigerated
Warehouse

Refrigerated Warehouse
Schools

Small School
Secondary School
College

Small Office

Medium Office
Medium Office/Lab
Public Assembly
Secondary School
High-Rise Apartment
Hospital

Hotel/Motel

Offices

Medium Office
Large Office

Composition of Percent of Square Footage Impacted®

Building Type
by Subtypes?

10%
75%

5%
10%

60%
40%

5%
15%
20%

5%
30%
25%

50%
50%

New
Construction

0%
0%
0%
0%
0%
0%
0%
0%
0%

0%
40%
0%
100%
30%
0%
0%
0%
0%
100%
0%
Pending
100%
50%
0%
100%

Existing Building
Stock (Alterations)®
0%

0%

0%

0%

0%

0%

0%

0%

0%

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

a. Presents the assumed composition of the main building type category by the building subtypes. All

2022 CASE Reports assumed the same percentages of building subtypes.

b. When the building type is composed of multiple subtypes, the overall percentage for the main
building category was calculated by weighing the contribution of each subtype.

c. Percent of existing floorspace that would be altered during the first year the 2022 standards are in

effect.
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Table 79: Percent of Floorspace Impacted by Proposed Measure, by Climate Zone
for Gas Boiler Systems

Climate Percent of Square Footage Impacted
Zone New Construction Existing Building Stock (Alterations)?
(pending)
1 - 0%
2 - 0%
3 - 0%
4 - 0%
5 - 0%
6 - 0%
7 - 0%
8 - 0%
9 - 0%
10 - 0%
11 - 0%
12 - 0%
13 - 0%
14 - 0%
15 - 0%
16 - 0%
a. Percent of existing floorspace that would be altered during the first year the 2022 standards are in

effect.

Table 80: Percent of Floorspace Impacted by Proposed Measure, by Climate Zone
for Gas Service Water Heating

Climate Percent of Square Footage Impacted

Zone New Construction Existing Building Stock (Alterations)?

(pending)

- 0%
- 0%
- 0%
- 0%
0%
- 0%
- 0%
- 0%
- 0%
0%

©O© oo NOoO Ok WDN -~
1

N
o
1
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11 - 0%

12 - 0%
13 - 0%
14 - 0%
15 - 0%
16 - 0%
a. Percent of existing floorspace that would be altered during the first year the 2022 standards are in
effect.

Table 81: Percent of Floorspace Impacted by Proposed Measure, by Climate Zone
for Commercial Oxygen Concentration

Climate Percent of Square Footage Impacted
Zone New Construction Existing Building Stock (Alterations)?
(pending)

1 - 0%

2 - 0%

3 - 0%

4 - 0%

5 - 0%

6 - 0%

7 - 0%

8 - 0%

9 - 0%

10 - 0%

11 - 0%
12 - 0%
13 - 0%
14 - 0%
15 - 0%
16 - 0%

a. Percent of existing floorspace that would be altered during the first year the 2022 standards are in

effect.
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Appendix B: Embedded Electricity in Water
Methodology

There are no on-site water savings associated with the proposed code change.
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Appendix C: Environmental Impacts Methodology

Greenhouse Gas (GHG) Emissions Factors

As directed by Energy Commission Staff, GHG emissions were calculated making use
of the average emissions factors specified in the United States Environmental
Protection Agency (U.S. EPA) Emissions & Generation Resource Integrated Database
(eGRID) for the Western Electricity Coordination Council California (WECC CAMX)
subregion (United States Environmental Protection Agency 2018). This ensures
consistency between state and federal estimations of potential environmental impacts.
The electricity emissions factor calculated from the eGRID data is 240.4 metric tonnes
CO2e per GWh. The Summary Table from eGrid 2016 reports an average emission rate
of 529.9 pounds CO2e/MWh for the WECC CAMX subregion. This value was converted
to metric tonnes/GWh.

Avoided GHG emissions from natural gas savings attributable to sources other than
utility-scale electrical power generation are calculated using emissions factors specified
in Chapter 1.4 of the U.S. EPA’s Compilation of Air Pollutant Emissions Factors (AP-42)
(United States Environmental Protection Agency 1995). The U.S. EPA’s estimates of
GHG pollutants that are emitted during combustion of one million standard cubic feet of
natural gas are: 120,000 pounds of COz2 (Carbon Dioxide), 0.64 pounds of N20O (Nitrous
Oxide) and 2.3 pounds of CH4 (Methane). The emission value for N20 assumed that low
NOx burners are used in accordance with California air pollution control requirements.
The carbon equivalent values of N2O and CHa4 were calculated by multiplying by the
global warming potentials (GWP) that the California Air Resources Board used for the
2000-2016 GHG emission inventory, which are consistent with the 100-year GWPs that
the Intergovernmental Panel on Climate Change used in the fourth assessment report
(AR4). The GWP for N20 and CH4 are 298 and 25, respectively. Using a nominal value
of 1,000 Btu per standard cubic foot of natural gas, the carbon equivalent emission
factor for natural gas consumption is 5,454 .4 metric tonnes per million therms.

GHG Emissions Monetization Methodology

The 2022 TDV energy cost factors used in the lifecycle cost-effectiveness analysis
include the monetary value of avoided GHG emissions based on a proxy for permit
costs (not social costs). 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. The authors used the same monetary values that are used in
the TDV factors — $40/MTCOze.
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Water Use and Water Quality Impacts Methodology
There are no impacts to water quality or water use.
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Appendix D: California Building Energy Code
Compliance (CBECC) Software Specification

Introduction

The purpose of this appendix is to present proposed revisions to CBECC-Com along
with the supporting documentation that the Energy Commission staff and the technical
support contractors would need to approve and implement the software revisions.

Appendix D1: Gas Boiler Systems

Technical Basis for Software Change

Condensing boilers are a mature technology in commercial settings as addressed in
Section 3.2.1. The current Standard Design specifies 80 percent thermal efficiency for
gas -fired boilers with input heating capacities of 300,000 Btu/h or more. The new
prescriptive criteria for gas-fired space heating boiler systems established in Section
4.1.1 modifies the efficiency of the Standard Design gas boiler to 90 percent, and
outlines other key variables needed to simulate the performance of these systems in
energy modeling software.

Description of Software Change

Background Information for Software Change

This report describes how 90 percent boiler thermal efficiency can be implemented in
CBECC-Com for the input heating capacities of 1 — 10 MMBtu/h.

Existing CBECC-Com Modeling Capabilities

CBECC-Com currently models the Standard Design gas boiler with 80 percent thermal
efficiency for input heating capacities of 300,000 Btu/h or more.

Summary of Proposed Revisions to CBECC-Com

The proposed change is described in Section 4.1 including primary building types,
space types, climate zones, or systems that are predominantly affected by the measure.
CBECC-Com would need to be modified to adjust the Standard Design gas boiler
system to perform at a thermal efficiency (Et) of 90 percent for systems between
1MMBtu/h and 10MMBtu/h design capacity. The Standard Design for these boiler
systems also needs to be updated to reflect a 120°F boiler water inlet temperature and
a temperature difference of 40°F or higher between inlet and outlet at design conditions.
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User Inputs to CBECC-Com
No changes to user inputs are needed to support this measure.

Simulation Engine Inputs

EnergyPlus/California Simulation Engine Inputs

Table 82 summarizes the relevant EnergyPlus input variable and corresponding
variable name in CBECC-Com. In EnergyPlus, this variable is located in the
Boiler:HotWater object (Figure 4).

Table 82: EnergyPlus Input Variables Relevant to Hot Water Boiler
Target EnergyPlus Class = BOILER:HOTWATER

EnergyPlus Field CBECC-Com user Units Notes
input/specified value

(if applicable)
Name Name

Nominal Thermal Efficiency Thermal Eff None

Boiler:HotWater,

Base Blr, I- Name

MaturalGas, - Fuel Type

123448, 362472259, I- Nominal Capacity {W}

8.8, I- Nominal Thermal Efficiency

LeavingBoiler, I- Efficiency Curve Temperature Evaluation Variable
BlrHWB1rFIRRatio fQRaticSI, !- Normalized Boiler Efficiency Curwve Name
B.881328983423744432 , I- Design Water Flow Rate {m3/s}

8, - Minimum Part Load Ratio

1, I- Maximum Part Load Ratio

1, - Optimum Part Load Ratiﬂ

Base HW Pump Outlet Node,!- Boiler Water Inlet Node MName

Base Blr Outlet Node, - Boiler Water Outlet Node Name

99, I- Water Outlet Upper Temperature Limit {C}
LeavingSetpointModulated,!- Boiler Flow Mode

36.8346374545957, I- Parasitic Electric Load {W}

1, !- 5izing Factor

General; !- End-Use Subcategory

Figure 4: EnergyPlus object Boiler:Hotwater
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Calculated Values, Fixed Values, and Limitations

The thermal efficiency of the boiler is between 0 and 1. In the ruleset of HVAC Primary
Boiler, section RULE BIr:ThrmIEff needs to be changed to reflect the proposed thermal
efficiency of gas boiler systems in Section 7.2. Thermal efficiency (Et) of 90 percent
needs to be added for all gas-fired boilers with capacities between 1MM Btu/h and
10MMBtu/h.

Simulation Engine Output Variables

CBECC-Com generates hourly EnergyPlus simulation results to CSV files during
analysis. These hourly simulation results can be used by the analyst to debug a building
energy model. Variables of particular interest in this case would include:

e Boiler Heating Rate,hourly; !- HVAC Average [W]

e Boiler Heating Energy,hourly; !- HVAC Sum [J]

e Boiler Gas Rate,hourly; - HVYAC Average [W]

e Boiler Gas Energy,hourly; !- HVAC Sum [J]

e Boiler Inlet Temperature,hourly; !- HYAC Average [C]

e Boiler Outlet Temperature,hourly; |- HVYAC Average [C]

e Boiler Mass Flow Rate,hourly; - HVAC Average [kg/s]

e Boiler Ancillary Electric Power,hourly; !- HYAC Average [W]
e Boiler Ancillary Electric Energy,hourly; !- HVYAC Sum [J]

e Boiler Part Load Ratio,hourly; !- HYAC Average []

The existing algorithms for calculations, fixed values and limitations are sufficient for the
proposed measure. No changes are needed.

Compliance Report
No change needs to be made for the compliance report for this CASE measure.

Compliance Verification

The existing compliance reports are sufficient for the proposed measure. No changes
are needed.

Testing and Confirming CBECC-Com Modeling

The existing testing and confirmation process are sufficient for the proposed measure.
No changes are needed.

Description of Changes to ACM Reference Manual
This information is available in Section 7.4.
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Appendix D2: Gas Service Water Heat

Technical Basis for Software Change

Gas service hot water heating systems are a mature technology in commercial settings
as addressed in Section 3.2.2. CBECC-Com currently models 80 percent thermal
efficiency for the Standard Design gas storage water heater with input heating
capacities larger than 75,000 Btu/h or gas instantaneous water heater with an input
larger than 200,000 But/h. The new prescriptive criteria for gas-fired service water
heating systems established in Section 4.1.2 provide a basis for changes to the
Standard Design gas water heater, and outline the key variables needed to simulate the
performance of these systems in energy modeling software.

Description of Software Change

Background Information for Software Change

The compliance software would need to be modified to reflect a thermal efficiency (Et) of
90 percent _for Standard Design gas service hot water systems with capacities between
1MMBtu/h and 10MMBtu/h.

Existing CBECC-Com Modeling Capabilities

CBECC-Com currently models 80 percent thermal efficiency for the Standard Design
gas storage water heater with input heating capacities of larger than 75,000 Btu/h or
gas instantaneous water heater with an input of larger than 200,000 But/h.

Summary of Proposed Revisions to CBECC-Com

This report proposes revising the thermal efficiency of Standard Design gas service hot
water heating systems with design capacities between 1— 10MMBtu/h from 80 percent
Et to 90 percent Et.

User Inputs to CBECC-Com
No changes to user inputs are needed to support this measure.

Simulation Engine Inputs

EnergyPlus/California Simulation Engine Inputs

Table 83 summarizes the relevant EnergyPlus input variable and corresponding
variable name in CBECC-Com. In EnergyPlus, this variable is part of the
WaterHeater:Mixed object. (Figure 5).

Table 83: EnergyPlus Input Variables Relevant to Hot Water Heater
Target EnergyPlus Class = WaterHeater:Mixed
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EnergyPlus Field CBECC-Com user input/specified Units Notes

value
(if applicable)
Name Name
Heater Thermal Efficiency =~ Thermal Efficiency None

WaterHeater:Mixed,

SHWSys1 Water Heater, I- Name

1.135624, 1- Tank Volume {m3}

SHWSys1 Water Heater Setpoint Temperature Schedule, I- Setpoint Temperature Schedule Name
2.8, |- Deadband Temperature Difference {deltaC}
82.2222, 1- Maximum Temperature Limit {C}

Cycle, I'- Heater Control Type

87921.32, I- Heater Maximum Capacity {W}

, I- Heater Minimum Capacity {W}

, I- Heater Ignition Minimum Flow Rate {m3/s}

, !- Heater Ignition Delay {s}

NATURALGAS, !- Heater Fuel Type

B.883988738, !- Heater Thermal Efficiency

s I- Part Load Factor Curve Name

8376.58, !- Off Cycle Parasitic Fuel Consumption Rate {W}

NATURALGAS, I- Off Cycle Parasitic Fuel Type

8.8, I- Off Cycle Parasitic Heat Fraction to Tank
8376.58, !- On Cycle Parasitic Fuel Consumption Rate {W}

NATURALGAS, - On Cycle Parasitic Fuel Type

s I- On Cycle Parasitic Heat Fraction to Tank
zone, !- Ambient Temperature Indicator

s I- Ambient Temperature Schedule Name
BASEMENT, I- Ambient Temperature Zone MName

s I'- Ambient Temperature Outdoor Air Node Name
11.25413987, I- Off Cycle Loss Coefficient to Ambient Temperature {W/K}
s I- Off Cycle Loss Fraction to Zone
11.25413987, 1- On Cycle Loss Coefficient to Ambient Temperature {W/K}
s - On Cycle Loss Fraction to Zone

, !- Peak Use Flow Rate {m3/s}

s !- Use Flow Rate Fraction Schedule Name

s !- Cold Water Supply Temperature Schedule Name
SHWSys1 Pump-SHWSys1l Water HeaterNode, !- Use Side Inlet Node Name
SHWSysl Supply Equipment Outlet Node, !- Use Side Outlet Node Name
1.8, !- Use Side Effectiveness

!~ Spurce Side Inlet Node Name
I- Source Side Outlet Node Name

|

3 |

1.8, !- Source Side Effectiveness

AUTOSIZE, 1- Use Side Design Flow Rate {m3/s}
AUTOSIZE, 1- Source Side Design Flow Rate {m3/s}

1.5; |- Indirect Water Heating Recovery Time {hr}

Figure 5: EnergyPlus input for a Water Heater

Calculated Values, Fixed Values, and Limitations

In the ruleset of WaterHeater, section RULE WtrHtr:CodeMinThrmIEff needs to be
changed to reflect the proposed thermal efficiency of gas boiler systems in Section 7.2.
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Thermal efficiency (Et) of 90 percent needs to be added for all gas-water heater with
design capacities equal to or greater than 1MM Btu/h.

Simulation Engine Output Variables

CBECC-Com generates hourly EnergyPlus simulation results to CSV files during
analysis. These hourly simulation results can be used by the analyst to debug a building
energy model. Variables of particular interest in this case would include:

e Water Heater Tank Temperature,hourly; !- HVAC Average [C]

e Water Heater Final Tank Temperature,hourly; !- HVAC Average [C]

e Water Heater Heat Loss Rate,hourly; - HVAC Average [W]

e Water Heater Heat Loss Energy,hourly; |- HVYAC Sum [J]

e Water Heater Use Side Mass Flow Rate,hourly; |- HVAC Average [kg/s]

e Water Heater Use Side Inlet Temperature,hourly; !- HVAC Average [C]

e Water Heater Use Side Outlet Temperature,hourly; !- HYAC Average [C]

e Water Heater Use Side Heat Transfer Rate,hourly; !- HYAC Average [W]

e Water Heater Use Side Heat Transfer Energy,hourly; !- HYAC Sum [J]

e Water Heater Source Side Mass Flow Rate,hourly; !- HVAC Average [kg/s]

e Water Heater Source Side Inlet Temperature,hourly; !- HVAC Average [C]

e Water Heater Source Side Outlet Temperature,hourly; !- HYAC Average [C]

e Water Heater Source Side Heat Transfer Rate,hourly; !- HVYAC Average [W]

e Water Heater Source Side Heat Transfer Energy,hourly; !- HVAC Sum [J]

e Water Heater Off Cycle Parasitic Tank Heat Transfer Rate,hourly; !- HVAC
Average [W]

o Water Heater Off Cycle Parasitic Tank Heat Transfer Energy,hourly; !- HVAC
Sum [J]

e Water Heater On Cycle Parasitic Tank Heat Transfer Rate,hourly; !- HVAC
Average [W]

e Water Heater On Cycle Parasitic Tank Heat Transfer Energy,hourly; !- HVAC
Sum [J]

e Water Heater Total Demand Heat Transfer Rate,hourly; !- HVAC Average [W]

e Water Heater Total Demand Heat Transfer Energy,hourly; !- HYAC Sum [J]

e Water Heater Heating Rate,hourly; |- HVAC Average [W]

e Water Heater Heating Energy,hourly; |- HVAC Sum [J]

e Water Heater Unmet Demand Heat Transfer Rate,hourly; !- HVAC Average [W]

e Water Heater Unmet Demand Heat Transfer Energy,hourly; |- HYAC Sum [J]

e Water Heater Venting Heat Transfer Rate,hourly; !- HVAC Average [W]

e Water Heater Venting Heat Transfer Energy,hourly; !- HVAC Sum [J]

e Water Heater Net Heat Transfer Rate,hourly; |- HVAC Average [W]

e Water Heater Net Heat Transfer Energy,hourly; |- HVAC Sum [J]
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e Water Heater Cycle On Count,hourly; !- HYAC Sum []

e Water Heater Runtime Fraction,hourly; !- HVAC Average ]

e Water Heater Part Load Ratio,hourly; !- HVAC Average []

e Water Heater Gas Rate,hourly; !- HYAC Average [W]

e Water Heater Gas Energy,hourly; !- HVAC Sum [J]

o Water Heater Off Cycle Parasitic Gas Rate,hourly; |- HYAC Average [W]
e Water Heater Off Cycle Parasitic Gas Energy,hourly; !- HVAC Sum [J]

e Water Heater On Cycle Parasitic Gas Rate,hourly; |- HYAC Average [W]
e Water Heater On Cycle Parasitic Gas Energy,hourly; !- HVAC Sum [J]

o Water Heater Water Volume Flow Rate,hourly; !- HVAC Average [m3/s]

e Water Heater Water Volume,hourly; !- HVAC Sum [m3]

e Water Heater Mains Water Volume,hourly; !- HVAC Sum [m3]

Compliance Report

The existing compliance reports are sufficient for the proposed measure. No changes
are needed.

Compliance Verification

The existing compliance verification processes are sufficient for the proposed measure.
No changes are needed.

Testing and Confirming CBECC-Com Modeling

The thermal efficiency of gas-fired service water heaters between 1MMBtu/h and 10
MMBtu/h in the Standard Design model should be confirmed by checking the thermal
efficiency field of the Boiler:HotWater objects generated by CBECC-Com.

Description of Changes to ACM Reference Manual
This information is available in Section 7.4.

Appendix D3: Oxygen Trim Controls

Technical Basis for Software Change

Oxygen trim control is a mature technology in commercial settings as addressed in
Section 3.2.3. CBECC-Com currently does not account for the effects of oxygen trim
control on commercial and process boilers. The new prescriptive criteria for oxygen trim
control established in this Draft CASE Report in Section 4.1.3 adds oxygen trim control
requirements for the Standard Design gas boiler, and outlines other key variables
needed to simulate the performance of these systems in energy modeling software.

Description of Software Change
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Background Information for Software Change

This report describes how 3 percent oxygen trim control for gas service hot water
heating systems can be implemented in CBECC-Com for newly installed commercial
boilers with an input capacity of 5 MMBtu/h and greater. The percent of excess oxygen
and boiler type (noncondensing or condensing boiler) inputs need to be added to the
user interface. Two quadratic boiler performance curves need to be implemented into
EnergyPlus to determine the nominal boiler efficiency based on percent of excess
oxygen and boiler type.

Existing CBECC-Com Modeling Capabilities

CBECC-Com currently does not account for the effects of model oxygen trim control on
commercial boilers.

Summary of Proposed Revisions to CBECC-Com

The compliance software would need to be modified to account for the 3 percent
oxygen trim control requirement for newly installed commercial boilers with an input
capacity of 5 MMBtu/h and greater. The compliance software would be modified to
adjust the efficiency of Standard Design gas boilers with design capacities of 5 MMBtu/h
and greater to account for mandatory oxygen trim controls. The software would also
incorporate additional user inputs for percent oxygen trim control and adjust the boiler
efficiency based on the oxygen trim control input.

User Inputs to CBECC-Com

Currently oxygen trim control is not accounted for in CBECC-Com. The Boiler Data
input screen will be updated to include inputs fields for oxygen trim control.

Table 84 lists the CBECC-Com user inputs needed to account for Oxygen Trim Control.

Table 84: User Inputs Relevant to Oxygen Trim Control

Input  Variable Data Units User Recommended Status

Screen Name Type Editable Label

Boiler  Thermal Float None Yes Thermal Efficiency Existing
Efficiency

Boiler | Excess Float None Yes Excess New
Percentage of Percentage of
Oxygen Oxygen

Boiler  Condensing None Yes Condensing Boiler New
Boiler

Simulation Engine Inputs

EnergyPlus/California Simulation Engine Inputs
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Percent of excess oxygen and boiler type (nhoncondensing or condensing boiler) inputs
need to be added to the user interface. Two quadratic boiler performance curves need
to be implemented into EnergyPlus to determine the nominal thermal efficiency for
commercial boilers with an input capacity of 5 MMBtu/h and greater based on percent of
excess oxygen and boiler type as listed.

For commercial non-condensing boilers at 200°F,

Normalized Boiler Thermal Ef ficiency = C; + C; X PEO + C3 X PEO?

Where:

C1:0.8564

C2:-0.0827

C3:-2.0015

PEOQO: Percent of excess oxygen

For commercial condensing boilers at 200°F,

Normalized Boiler Thermal Ef ficiency = C; + C, X PEO + C3 X PEO? + 0.072

Where:

C1:0.8564

C2:-0.0827

C3:-2.0015

PEOQO: Percent of excess oxygen
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Table 85 provides recommended translation information for generating EnergyPlus
inputs from CBECC-Com generated data. In EnergyPlus, the hot water boiler is
specified using the Boiler:HotWater object (Figure 6).
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Table 85: EnergyPlus Input Variables Relevant to Hot Water Boiler

Target EnergyPlus Class = BOILER:HOTWATER

EnergyPlus Field CBECC-Com user Units Notes
input/specified value

(if applicable)
Name Name
Nominal Thermal Efficiency Thermal Eff None

Boiler:HotWater,

Base Blr, I- Name

NaturalGas, - Fuel Type

123448 .362472259, I- Nominal Capacity {W}

8.8, - Nominal Thermal Efficiency

LeavingBoiler, |- Efficiency Curve Temperature Evaluation Variable
BlrHWB1rFIRRatio fQRatioSI, I!- Normalized Boiler Efficiency Curwve Name
B.88132898342374447 , - Design Water Flow Rate {m3/s}

8, - Minimum Part Load Ratio

1, I- Maximum Part Load Ratio

1, - Optimum Part Load Ratiﬂ

Base HW Pump Outlet Node,!- Boiler Water Inlet Node MName

Base Blr Outlet Node, - Boiler Water Outlet Node MName

99, I- Water Outlet Upper Temperature Limit {C}
LeavingSetpointModulated, ! - Boiler Flow Mode

36.8346374545957, |- Parasitic Electric Load {W}

1, - Sizing Factor

General; !- End-Use Subcategory

Figure 6: EnergyPlus input for a Boiler:Hotwater
Calculated Values, Fixed Values, and Limitations

Simulation Engine Output Variables
CBECC-Com generates hourly EnergyPlus simulation results to CSV files during

analysis. These hourly simulation results can be used by the analyst to debug a building
energy model. Variables of particular interest in this case would include:

e Boiler Heating Rate,hourly; |- HVAC Average [W]

e Boiler Heating Energy,hourly; - HYAC Sum [J]

e Boiler Gas Rate,hourly; - HVYAC Average [W]

e Boiler Gas Energy,hourly; !- HVYAC Sum [J]

e Boiler Inlet Temperature,hourly; - HYAC Average [C]

e Boiler Outlet Temperature,hourly; !- HVAC Average [C]
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e Boiler Mass Flow Rate,hourly; - HVAC Average [kg/s]

e Boiler Ancillary Electric Power,hourly; !- HYAC Average [W]
e Boiler Ancillary Electric Energy,hourly; !- HVYAC Sum [J]

e Boiler Part Load Ratio,hourly; !- HVYAC Average []

The existing algorithms for calculations, fixed values and limitations are sufficient for the
proposed measure. No changes are needed.

Compliance Report

Oxygen trim control needs to be added for the compliance report for this CASE
measure.

CBECC-Com generates a Title 24 Compliance Report that presents the results of the
building’s compliance analysis. Table K4 in the summary section of the report describes
the gas hot water boiler used in the analysis. Percentage of excess oxygen would be
added to Table K4.

Compliance Verification

The existing compliance verification processes are sufficient for the proposed measure.
No changes are needed.

Testing and Confirming CBECC-Com Modeling

The existing testing and confirmation process are sufficient for the proposed measure.
No changes are needed.

Description of Changes to ACM Reference Manual
This information is available in Section 7.4.
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Appendix E: Impacts of Compliance Process on
Market Actors

This appendix discusses how the recommended compliance process, which is
described in Section 2.5 could impact various market actors. Table 86 identifies the
market actors who will play a role in complying with the proposed change, the tasks for
which they will be responsible, their objectives in completing the tasks, how the
proposed code change could impact their existing work flow, and ways negative impacts
could be mitigated. The information contained in Table 86 is a summary of key feedback
the Statewide CASE Team received when speaking to market actors about the
compliance implications of the proposed code changes. Appendix F summarizes the
stakeholder engagement that the Statewide CASE Team conducted when developing
and refining the code change proposal, including gathering information on the
compliance process.

To ensure compliance is achievable, straightforward and as effortless as possible,
market actors would need to adopt new workflows to accommodate for the updated
requirements. Changing boiler and service hot water requirements from individual
thermal efficiencies to a weighted thermal efficiency would require new workflows from
the HVAC and plumbing designer and plans examiners specifically. The design teams
would need to first identify if the project is impacted by these proposed requirements
and if so, calculate weighted thermal efficiencies in order to ensure the project complies.
The flow rate, supply water return temperature, and oxygen concentration levels would
be specified by the pluming designer. A new task for plans examiners would be to verify
the newly created thermal efficiency metric.
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Table 86: Roles of Market Actors in the Proposed Compliance Process

Market
Actor

HVAC
Designer

Plans
Examiner

Plumbing
Designer

HVAC
Contractor

Task(s) In Compliance
Process

¢ Include rated efficiency in
equipment schedule

e Include flow rates in
equipment schedules and
specifications

¢ Include return water temp
in plumbing spec or as
footnote to equipment

Can verify inputs (boiler

capacity, # of boilers, rated

efficiency) on the equipment

schedule

Include rated efficiency in
equipment schedule

Install HVAC systems in
compliance with current Title
24, Part 6 code

Objective(s) in Completing
Compliance Tasks

Document design conditions
to ensure condensing
operation of the water heater
or boiler

Document that the weighted
system thermal efficiency is
90 percent or above

Ensure design requirements
are carried through in design

Ensure boiler and service
water heating systems follow
the thermal efficiencies and
hot water return requirements
in the design plan

How Proposed Code
Change Could Impact
Work Flow

WA boiler: Would require a
minor calculation shift for
HVAC designer to do a
weighted avg. for boiler
efficiency. Trigger based on
boiler capacity.

e Temp & Flow rate:
Would need to review
return temp & flow rate
on equipment schedule
vs. the compliance
document inputs.

o Verify weighted thermal
efficiency has been
calculated correctly

Include weighted average
rated efficiency in
equipment schedule

Be aware of the new
thermal efficiency, oxygen
concentration, and return
water requirements

Opportunities to Minimize
Negative Impacts of
Compliance Requirement

Ensure design documents
display individual efficiencies
as well as weighted average
efficiencies.

The Statewide CASE Team
recommends providing clear
language in the compliance
manual to show when these
proposed requirements are
triggered

Ensure design documents
display individual efficiencies
as well as weighted average
efficiencies.

Ensure design documents
display individual efficiencies
as well as weighted average
efficiencies.
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Appendix F: Summary of Stakeholder Engagement

Collaborating with stakeholders that might be impacted by proposed changes is a
critical aspect of the Statewide CASE Team’s efforts. The Statewide CASE Team aims
to work with interested parties to identify and address issues associated with the
proposed code changes so that the proposals presented to the Energy Commission in
this Draft CASE Report are generally supported. Public stakeholders provide valuable
feedback on draft analyses and help identify and address challenges to adoption
including: cost effectiveness; market barriers; technical barriers; compliance and
enforcement challenges; or potential impacts on human health or the environment.
Some stakeholders also provide data that the Statewide CASE Team uses to support
analyses.

This appendix summarizes the stakeholder engagement that the Statewide CASE Team
conducted when developing and refining the recommendations presented in this report.

Utility-Sponsored Stakeholder Meetings

Utility-sponsored stakeholder meetings provide an opportunity to learn about the
Statewide CASE Team’s role in the advocacy effort and to hear about specific code
change proposals that the Statewide CASE Team is pursuing for the 2022 code cycle.
The goal of stakeholder meetings is to solicit input on proposals from stakeholders early
enough to ensure the proposals and the supporting analyses are vetted and have as
few outstanding issues as possible. To provide transparency in what the Statewide
CASE Team is considering for code change proposals, during these meetings the
Statewide CASE Team asks for feedback on:

e Proposed code changes

Draft code language

e Draft assumptions and results for analyses
e Data to support assumptions

e Compliance and enforcement, and

e Technical and market feasibility

The Statewide CASE Team hosted two stakeholder meetings for Gas Boiler Systems
and Service water Heating via webinar. Please see below for dates and links to event
pages on Title24Stakeholders.com. Materials from each meeting. Such as slide
presentations, proposal summaries with code language, and meeting notes, are
included in the bibliography section of this report.
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https://title24stakeholders.com/

Meeting Name Meeting Event Page from

Date Title24stakeholders.com
First Round of Tuesday, https://title24stakeholders.com/event/nonre
Nonresidential HVAC October 15, sidential-hvac-utility-sponsored-
Utility-Sponsored 2019 stakeholder-meeting/
Stakeholder Meeting
Second Round of Thursday, https://title24stakeholders.com/event/nonre
Nonresidential HVAC March 12, sidential-and-single-family-hvac-part-1-
Utility-Sponsored 2020 data-centers-boilers-air-distribution-
Stakeholder Meeting variable-capacity/

The first round of utility-sponsored stakeholder meetings occurred from September to
November 2019 and were important for providing transparency and an early forum for
stakeholders to offer feedback on measures being pursued by the Statewide CASE
Team. The objectives of the first round of stakeholder meetings were to solicit input on
the scope of the 2022 code cycle proposals; request data and feedback on the specific
approaches, assumptions, and methodologies for the energy impacts and cost-
effectiveness analyses; and understand potential technical and market barriers. The
Statewide CASE Team also presented initial draft code language for stakeholders to
review.

The second round of utility-sponsored stakeholder meetings occurred from March to
April 2020 and provided updated details on proposed code changes. The second round
of meetings introduced early results of energy, cost-effectiveness, and incremental cost
analyses, and solicited feedback on refined draft code language.

Utility-sponsored stakeholder meetings were open to the public. For each stakeholder
meeting, two promotional emails were distributed from info@title24stakeholders.com
One email was sent to the entire Title 24 Stakeholders listserv, totaling over 1,900
individuals, and a second email was sent to a targeted list of individuals on the listserv
depending on their subscription preferences. The Title 24 Stakeholders’ website listserv
is an opt-in service and includes individuals from a wide variety of industries and trades,
including manufacturers, advocacy groups, local government, and building and energy
professionals. Each meeting was posted on the Title 24 Stakeholders’ LinkedIn page®
(and cross-promoted on the Energy Commission LinkedIn page) two weeks before each
meeting to reach out to individuals and larger organizations and channels outside of the
listserv. The Statewide CASE Team conducted extensive personal outreach to
stakeholders identified in initial work plans who had not yet opted into the listserv.
Exported webinar meeting data captured attendance numbers and individual comments,

8 Title 24 Stakeholders’ LinkedIn page can be found here: https://www.linkedin.com/showcase/title-24-
stakeholders/.
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and recorded outcomes of live attendee polls to evaluate stakeholder participation and
support.

Statewide CASE Team Communications

The Statewide CASE Team held personal communications over email and phone with
numerous stakeholders when developing this report. Below is a non-exhaustive
summary of notable organizations and individuals that were contacted when developing
this proposal.

Table 87: Summary of Outreach Contacts and Organizations

Organization Contact

A.O. Smith Ashley Armstrong
Lochinvar Brian Iske
Bradford White Eric Truskoski
Clever Brooks Brian Huibregtse
LAARS Chuck O'Donnell
Sidel Systems Sid Abma
ACEEE Christopher Perry
Patterson-Kelley Patrick Villaume
Autoflame Steve Kemp

HTP David Martin
Keiser Permanente Travis R. English
ACCA Wes David

AHRI Laura Petrillo-Groh
2050 Partners John Bade
Rheem Joe Boros
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Appendix G: Nominal Savings Tables

This appendix will be included for the Final CASE Report.

In Section 5, the energy cost savings of the proposed code changes over the 15- and
30-year period of analysis are presented in 2023 present value dollars.

This appendix presents energy cost savings in nominal dollars. Energy costs are
escalating as in the TDV analysis but the time value of money is not included so the
results are not discounted.
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