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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 summer 2023.

Email comments and suggestions to Yao-Jung Wen (ywen@energy-solution.com) and
info@title24stakeholders.com by July 18, 2023. 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 (CEC’s) efforts to update the California
Energy Code (Title 24, Part 6) to include new requirements or to upgrade existing
requirements for various technologies. Three California Investor-Owned Utilities (IOUs)
— Pacific Gas and Electric Company, San Diego Gas and Electric, and Southern
California Edison — and two Publicly Owned Utilities — Los Angeles Department of
Water and Power, and Sacramento Municipal Utility District (herein referred to as the
Statewide CASE Team when including the CASE Author) — sponsored this effort. The
program’s goal is to prepare and submit proposals that would result in cost-effective
enhancements to improve energy efficiency and energy performance in California
buildings. This report and the code change proposals presented herein are a part of the
effort to develop technical and cost-effectiveness information for proposed requirements
on building energy-efficient design practices and technologies.

The Statewide CASE Team submits code change proposals to the CEC, the state
agency that has authority to adopt revisions to Title 24, Part 6. The CEC will evaluate
proposals submitted by the Statewide CASE Team and other stakeholders. The CEC
may revise or reject proposals. See the CEC’s 2025 Title 24 website for information
about the rulemaking schedule and how to participate in the process:
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-
standards/2025-building-energy-efficiency.

The Statewide CASE Team gathered input from stakeholders to inform the proposal
and associated analyses and justifications. Stakeholders also provided input on the
code compliance and enforcement process. The Statewide CASE Team confirmed the
technical feasibility and market readiness of the proposed code change with the
stakeholders through the utility-sponsored stakeholder meetings. The Statewide CASE
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Team also discussed the proposed code language with different market actors,
including manufacturers, lighting designers, electrical engineers, and members of the
ASHRAE 90.1 Lighting Subcommittee, to ensure the requirements are clear and
unambiguous. The proposed code language was updated substantially based on the
stakeholder feedback. The Statewide CASE Team specifically consulted with
manufacturers and manufacturers’ sales representative agencies to understand the
control solutions that can be used to implement this proposed code change and collect
material cost data on those control solutions. The collected cost data played a major
role in estimating the incremental cost of the proposed code change. In total, the
Statewide CASE Team engaged five manufacturers, five manufacturers’ sales
representative agencies, three lighting design firms, one electrical engineering firm, one
energy efficiency advocating organization, one standard development organization, and
one industry association. See Appendix F for a summary of stakeholder engagement.

The goal of this Draft CASE Report is to present a cost-effective code change proposal
for revising automatic daylighting controls exceptions. The report contains pertinent
information supporting the code change.

Proposal Description

Proposed Code Change

This code change would revise the automatic daylighting controls exceptions. The
measure adjusts the wattage thresholds that apply to skylit zones as well as both the
Primary Sidelit Daylit Zone (PSDZ) and Secondary Sidelit Daylit Zones (SSDZ). The
change rewrites the daylighting controls requirements in Section 130.1(d) and Section
160.5(b)4D by moving the threshold wattage from an exception into a criteria in the
introduction to these sections and reduces the threshold for requiring automatic
daylighting controls from 120 watts to 75 watts per space by daylit zone type. This
revision reflects the appropriate threshold wattage based on the cost of current daylight
responsive controls cost of dimming LED (light emitting diode) light sources. This
proposal aligns with Addendum O to ASHRAE 90.1-2019 which also has a 75-watt
threshold.

Justification

The 120-watt threshold for requiring automatic daylighting controls has been in place for
multiple code cycles. It remained unchanged when the basis for indoor lighting power
densities was changed to LEDs in the 2019 code cycle. This means the 120-watt
threshold now represents significantly a larger daylit area is needed to trigger the
requirement for photocontrols. In the meantime, the cost of daylighting controls has
dropped, but the primary cost reduction is due to LED general lighting luminaires
capable of dimming to 10 percent having no or negligible added costs.
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Background Information

Section 1301(d) (and 160.5(b)4D) of Title 24, Part 6 includes a mandatory requirement
that the general lighting in Skylit Daylit Zones (SDZ), PSDZ, and SSDZ must have
automatic daylighting controls unless there is less than 120 watts of general lighting
installed in these daylit zones. This wattage threshold directly links the lifecycle savings
to the cost of the measure. Lifecycle savings is based on:

e The wattage of controlled lighting
e The full load hours per year of lighting reduction
e The unit cost of electricity.

This 120-watt threshold has remained unchanged for multiple code cycles while the
luminous efficacy of light sources (lumens per watt) has significantly increased since the
threshold was established. The indoor lighting power densities (LPDs) were updated in
the 2019 version of Title 24, Part 6 to be based on LED technology instead of legacy
lighting technology (metal halide, fluorescent, or others), which resulted in LPD values
being significantly reduced. In the 2022 code cycle, the LPDs were reduced once again
but on a less dramatic scale. The 120-watt threshold remained unchanged while LPDs
were reduced in two consecutive code cycles. As a result, fewer spaces were subject to
the automatic daylighting controls requirement.

The National Electrical Manufacturers Association (NEMA) Daylight Management
Council recommended alignment with ASHRAE 90.1 to improve compliance with both
Title 24, Part 6 and ASHRAE 90.1. Addendum O to ASHRAE 90.1-2019, approved in
June 2021, updated section 9.4.1.1 to require automatic daylight-responsive controls
with the following wattage thresholds:

1. If the combined lighting power of all general lighting completely or partially within
the primary sidelit area is 75 watts or greater, automatic daylight responsive
controls are required in the primary sidelit area.

2. If the combined lighting power of all general lighting completely or partially within
the primary sidelit area and the secondary sidelit area is 150 watts or greater,
then automatic daylight responsive controls are required in the primary sidelit
area and the secondary sidelit area.

3. If the combined input power of all general lighting completely or partially within
daylight area under skylights and daylight area under roof monitors is 75 watts or
greater, then automatic daylight-responsive controls are required in the daylight
area.

ASHRAE 90.1 evaluated the cost effectiveness using average national electricity costs,
which are approximately half of those in California. Requirements that are cost effective
for ASHRAE would typically be even more cost effective in California.
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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
Manuals, and compliance documents that would be modified as a result of the proposed
change(s).

Table 1: Scope of Code Change Proposal

Type of Requirement Mandatory

Applicable Climate Zones All

Modified Section(s) of Title 24, Part 6 Section 130.1.(d) and 160.5(b)4D
There are no proposed changes to the

Modified Title 24, Part 6 Appendices Appendices.

Would Compliance Software Be Modified No

There are no proposed changes to the

Modified Compliance Document(s) compliance documents

Market Analysis and Regulatory Assessment

The control strategy involved in the proposed code change, automatic daylighting
controls, is familiar to all market actors as the requirement has been in place for many
code cycles. It has become a standard capability in most lighting control system
offerings. In addition, most LED luminaires are already dimmable and can support
automatic daylighting controls regardless of space size or connected lighting load.
Connected lighting systems or networked lighting controls have further reduced the
complexity of implementing the control strategy.

The proposed code change is technically feasible as there are multiple options for
implementing automatic daylighting controls in smaller spaces with lower connected
lighting power. The control solutions include a standalone daylight sensor, a daylight
sensor as part of a room-based or building-wide control system, or luminaire-level
lighting controls where a photosensor is integrated into each luminaire. And these
options are available as wired, wireless, or a hybrid of wired and wireless systems.

The proposed code change would also align with the most recent revision to the
daylight-responsive controls requirements in ASHRAE 90.1, also known as the
Addendum O to ASHRAE 90.1-2019. The proposed code change would increase
investment in California and result in a net positive impact on jobs. Refer to Section 3.4
for details of the estimated economic impacts.
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Cost Effectiveness

The proposed code change, based on the energy modeling and incremental cost
estimates at the time of this report was found to be cost effective for all climate zones
where it is proposed to be required. The benefit-to-cost (B/C) ratio of controlling 75
watts of general lighting power with daylighting controls in spaces with both PSDZ and
SSDZ over the 30-year period of analysis ranged between 1.00 and 1.13 depending on
the climate zone. California consumers and businesses would save more money on
energy than they would spend to finance the efficiency measure. As a result, over time
this proposal would leave more money available for discretionary and investment
purposes once the initial cost is paid off. See more details in Section 0 for the
methodology, assumptions, and results of the cost-effectiveness analysis. The
Statewide CASE Team will update the B/C ratio in the final version of the report when
all energy modeling and incremental cost estimates are completed.

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

Table 2 presents the estimated impacts of the proposed code change that would be
realized statewide during the first 12 months that the proposed requirement is in effect.
The statewide energy impacts present herein are based on the preliminary analyses for
the predominate space types that would be impacted by the proposed code change,
namely, office, conference room, and corridor. The Statewide CASE Team will update
the statewide energy impacts in the final version of the report when all energy modeling
and analyses are completed.

First-year statewide energy impacts are represented by the following metrics: electricity
savings in gigawatt-hours per year (GWh/yr), peak electrical demand reduction in
megawatts (MW), natural gas savings in million therms per year (million therms/yr),
source energy savings in millions of kilo British thermal units per year (million kBtu/yr),
and lifecycle energy cost savings in millions of present valued dollars (Million PV$). The
first-year statewide electricity savings for new constructions, additions, and alterations
combined were found to be 27.52 GWh, and the peak electrical demand reduction was
estimated to be 0.113 MW. See Section 6 for more details on the first-year statewide
impacts. Section 4.1 contains details on the per-unit energy savings.

Avoided GHG emissions are measured in metric tons of carbon dioxide equivalent
(metric tons CO2e). Assumptions used in developing the GHG savings are provided in
Section 0 and Appendix C of this report. The monetary value of avoided GHG emissions
is included in the Lifecycle Cost Hourly Factors provided by CEC and is thus included in
the cost-effectiveness analysis.
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The proposed measure is not expected to have any impact on water use or water
quality, excluding impacts that occur at power plants. This measure does not have
additional reductions from embodied carbon either.

Table 2: Summary of Impacts for Lowering Automatic Daylighting Controls
Exception Threshold

New
Category Metric Construction | Alterations
& Additions
Cost _ Benefit-Cost Ratio Ra.nge for spaces with both 1.00-1.13 1.00-1.13
Effectiveness PSDZ and SSDZ (varies by climate zone)
Electricity Savings (GWh) 5.54 21.98
Peak Electrical Demand Reduction (MW) 0.023 0.091
Natural Gas Savings (Million Therms) N/A N/A
Source Energy Savings (Million kBtu) 2.97 11.81
Statewide LSC Electricity Savings (Million 2026 PV$) $23.01 $91.34
Impacts LSC Gas Savings (Million 2026 PV$) N/A N/A
During First  Total LSC Savings (Million 2026 PV$) $23.01 $91.34
AL Avoided GHG Emissions (Metric Tons CO2e) 157 625
Monetary Value of Avoided GHG Emissions ($) $19,364 $76,966
On-site Indoor Water Savings (Gallons) N/A N/A
On-site Outdoor Water Savings (Gallons) N/A N/A
Embedded Electricity in Water Savings (kWh) N/A N/A
Electricity Savings (kWh/W) 1.52-1.66 1.52-1.66
Peak Electrical Demand Reduction (W/W) %%%57282_ %%%5722
Per Natural Gas Savings (kBtu/W) N/A N/A
Controlled Source Energy Savings (kBtu/W) 0.76-0.92 0.76-0.92
Watt Impacts LSC Savings (2026 PV$/W) 6.18-6.99 6.18-6.99
[Y)::rr:g First Avoided GHG Emissions (kg CO2e/W) %%1%%_ %%i%dg
On-site Indoor Water Savings (Gallons/W) N/A N/A
On-site Outdoor Water Savings (Gallons/W) N/A N/A
Embedded Electricity in Water Savings (kWh/W) N/A N/A

a. The per-unit impact is presented in per controlled watt. The numbers in the table represent impacts
office spaces with both PSDZ and SSDZ. See Section 2.3.2 for per-unit impacts for other spaces.
The impacts are presented in ranges as they are dependent on climate zones.
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Overview of Compliance Process

The compliance process is described in Section 2.5. Impacts that the proposed
measure would have on market actors is described in Section 2.5 and Appendix E. 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 Statewide CASE Team did not identify any specific
issues related to compliance and enforcement that the proposed code change would
introduce. The issue common to all automatic daylighting controls remains to be end-
users’ unfamiliarity of the behaviors resulting from daylighting controls, causing
complaints about the controls, and sometimes resulting in the controls being bypassed
or disabled.

Field Verification and Acceptance Testing

The proposed code change does not alter the existing field verification and acceptance
testing requirements or process. The only difference would be the number of spaces
within a building that need to undergo field verification and acceptance testing increases
because automatic daylighting controls are required in more spaces. Consequently, the
time and effort required from the acceptance test technician would increase. Refer to
Section 2.5 and Appendix E for additional information.

Addressing Energy Equity and Environmental Justice

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

1 Environmental disparities have been shown to be associated with unequal harmful environmental
exposure correlated with race/ethnicity, gender, and socioeconomic status. For example, chronic
diseases, such as respiratory diseases, cardiovascular disease, and cancer, associated with
environmental exposure have been shown to occur in higher rates in the LGBTQ+ population than in the
cisgender, heterosexual population (Goldsmith and Bell 2021). Socioeconomic inequities, climate,
energy, and other inequities are inextricably linked and often mutually reinforcing.
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Including impacted communities in the decision-making process, ensuring that the
benefits and burdens of the energy sector are evenly distributed, and facing ith the
unjust legacies of the past all serve as critical steps to achieving energy equity.
Recognizing the importance of engaging DIPs and gathering their input to inform the
code change process and proposed measures, the Statewide CASE Team is working to
build relationships with community-based organizations (CBOs) to facilitate meaningful
engagement. A participatory approach allows individuals to address problems, develop
innovative ideas, and bring forth a different perspective. Please reach out to Marissa
Lerner (mlerner@energy-solution.com) for further engagement.
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1. Introduction

This is a draft report intended to allow for public review and
comment before the Final Report is issued. The Statewide CASE
Team encourages readers to provide comments on the proposed
code changes and the analyses presented. When possible, include
supporting data and justifications in addition to comments. The
Statewide CASE Team will review all suggestions and consider
them when revising and refining proposals and analyses. The Final
CASE Report will be submitted to the California Energy
Commission in summer 2023.

Email comments and suggestions to Yao-Jung Wen
(ywen@energy-solution.com) and info@title24stakeholders.com by
July 18, 2023. Comments will not be released for public review or
will be anonymized if shared.

The Codes and Standards Enhancement (CASE) initiative presents
recommendations to support the California Energy Commission’s
(CEC'’s) efforts to update California’s Energy Code (Title 24, Part 6)
to include new requirements or to upgrade existing requirements for
various technologies. The three California Investor-Owned Utilities
(IOUs) — Pacific Gas and Electric Company, 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's goal is to prepare and submit
proposals that would result in cost-effective enhancements to
improve energy efficiency and energy performance in California
buildings. This report and the code change proposal presented

herein are a part of the effort to develop technical and cost-
effectiveness information for proposed requirements on
building energy-efficient design practices and technologies.

The CEC is the state agency that has authority to adopt
revisions to Title 24, Part 6. One of the ways the Statewide
CASE Team participates in the CEC’s code development
process is by submitting code change proposals to the CEC
for consideration. CEC will evaluate proposals the Statewide
CASE Team and other stakeholders submit and may revise
or reject proposals. See the CECs 2025 Title 24 website for
information about the rulemaking schedule and how to
participate in the process.

The goal of this Draft CASE Report is to present a code
change proposal for revising automatic daylighting controls
exceptions. The report contains pertinent information
supporting the proposed code change.

When developing the code change proposal and associated
technical information presented in this report, the Statewide
CASE Team worked with many industry stakeholders
including lighting designers, engineers, lighting distributors,
lighting manufacturer’s sales representative agencies, Title
24 acceptance test technicians and training organizations,
building officials, manufacturers, builders, utility incentive
program managers, Title 24 energy analysts, and others
involved in the code compliance process. The proposal
incorporates feedback received during a public stakeholder
workshop that the Statewide CASE Team held on February
24, 2023, and May 16, 2023.

The following is a summary of the contents of this report:
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Section 2 — Measure Description of this CASE Report
provides a description of the measure and its background.
This section also presents a detailed description of how this
code change is accomplished in the various sections and
documents that make up the Title 24, Part 6 Standards

Section 3 — Market Analysis includes 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.

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.

Section 0 —
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Cost and Cost presents the lifecycle cost and cost-effectiveness analysis. This
includes a discussion of the materials and labor required to implement the
measure and a quantification of the incremental cost. It also includes estimates
of incremental maintenance costs, i.e., equipment lifetime and various periodic
costs associated with replacement and maintenance during the period of
analysis.

Section 6 — First-Year Statewide Impacts presents the statewide energy savings
and environmental impacts of the proposed code change for the first year after
the 2025 code takes effect. This includes the amount of energy that would be
saved by California building owners and tenants and impacts (increases or
reductions) on material with emphasis placed on any materials that are
considered toxic. Statewide water consumption impacts are also reported in this
section.

Section 7 — Addressing Energy Equity and Environmental Justice presents the
potential impacts of proposed code changes on disproportionately impacted
populations (DIPs), as well as a summary of research and engagement methods.

Section 8 — Proposed Revisions to Code Language concludes the report with
specific recommendations with strikeout (deletions) and underlined (additions)
language for the standards, Reference Appendices, and Alternative Calculation
Method (ACM) Reference Manual. Generalized proposed revisions to sections
are included for the compliance manual and compliance documents.

Section 9 — Bibliography presents the resources that the Statewide CASE Team
used when developing this report.

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

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

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

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

Appendix E: Discussion of Impacts of Compliance Process on Market Actors
presents how the recommended compliance process could impact identified
market actors.
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e Appendix F: Summary of Stakeholder Engagement documents the efforts made
to engage and collaborate with market actors and experts.

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

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

21 Proposed Code Change

The proposed code change would adjust the wattage thresholds that apply to the Skylit
Daylit Zones (SDZ) as well as the Primary Sidelit Daylit Zones (PSDZ) and Secondary
Sidelit Daylit Zones (SSDZ). The key change would modify Exception 3 to Section
130.1(d) and Exception 3 to Section 160.5(b)4D, substituting 75W where 120W
appears. In addition, to make the requirement clearer and more concise, this proposal
also restructured the language and moved the wattage criteria for triggering automatic
daylighting controls to the main requirement instead of as an exception. This change
would effectively require SDZ and PSDZ with a connected general lighting load that is
greater than or equal to 75 watts to implement automatic daylighting controls. For the
SSDZ, the change would modify the trigger of requiring automatic daylighting controls to
be based on the combined connected general lighting load in both the PSDZ and SSDZ
as well as the wattage in the SSDZ. In other words, rooms where the combined
connected general lighting load in the PSDZ and SSDZ is greater than or equal to 150
watts and the connected lighting load in the SSDZ is greater than 75 watts, automatic
daylighting controls would be required for lighting in the SSDZ. This is structured so that
under various permutations of primary and secondary sidelit zone wattage that the
required controls would be cost effective.

2.2 Justification and Background Information

2.2.1 Justification

The California Energy Code has historically exempted small spaces with minor general
lighting energy use from the requirement to use automatic daylighting controls. During
the 2019 code cycle, the lighting power allowances have been adjusted to align with the
luminous efficacies of LED technologies. However, the wattage criteria for exempting
spaces from implementing automatic daylighting controls were not adjusted accordingly.
This means the criteria originally designed to exempt small spaces from automatic
daylighting control requirements have now been extended to include much larger
spaces. Therefore, this measure proposes to recalibrate the wattage threshold for
exempting spaces from implementing automatic daylighting controls to align with the
underlying efficacies of LED light sources. The proposed measure also aims to align
with ASHRAE 90.1 which already updated its wattage thresholds for automatic
daylighting controls based on LED technology.
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2.2.2 Background Information

Section 1301(d) (and 160.5(b)4D) of Title 24, Part 6 includes a mandatory requirement
that the general lighting in SDZ, PSDZ, and SSDZ must have automatic daylighting
controls unless there is less than 120 watts of general lighting installed in these daylit
zones. This wattage threshold directly links the lifecycle savings to the cost of the
measure.

This 120-watt threshold has remained unchanged for multiple code cycles while the
luminous efficacy of light sources (lumens per watt) has significantly increased since the
threshold was established. The indoor lighting power densities (LPDs) were updated in
the 2019 version of Title 24, Part 6 to be based on LED technology instead of legacy
lighting technology (metal halide, fluorescent, or others), which resulted in LPD values
being significantly reduced. In the 2022 code cycle, the Statewide CASE Team
proposed to reduce the LPDs once again, but on a less dramatic scale, which was
adopted by the CEC. The 120-watt threshold remained unchanged while LPDs were
reduced in two consecutive code cycles.

The wattage thresholds for the daylighting controls requirement were developed based
on the cost effectiveness of implementing daylighting controls that, under full daylight
conditions, reduce lighting power to 35 percent of full power. In the 2022 code cycle, the
Statewide CASE Team proposed to update the requirement so that lighting power must
be reduced to 10 percent of full power, which aligns with the minimum required control
step for LED lighting in accordance with existing mandatory multi-level lighting control
requirements in Table 130.1-A. The CEC adopted this update and therefore, daylighting
controls would save more energy (larger full load hours per year savings) under the
2022 code than they do when the current threshold was proposed in 2013, thereby
making this measure more cost effective.

The National Electrical Manufacturers Association (NEMA) Daylight Management
Council recommended alignment with ASHRAE 90.1 to improve compliance with both
Title 24, Part 6 and ASHRAE 90.1. The ASHRAE 90.1 Lighting Subcommittee (LSC)
developed a proposal to revise the wattage thresholds for requiring daylight-responsive
controls in Section 9.4.1.1. The proposed changes were released for public review in
Summer 2020 as Addendum O to ASHRAE 90.1-2019 and were subsequently
approved in June 2021. The Addendum O requires automatic daylight-responsive
controls with the following wattage thresholds:

1. If the combined lighting power of all general lighting completely or partially within
the primary sidelit area is 75 watts or greater, automatic daylight responsive
controls are required in the primary sidelit area.

2. If the combined lighting power of all general lighting completely or partially within
the primary sidelit area and the secondary sidelit area is 150 watts or greater,
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then automatic daylight responsive controls are required in the primary sidelit
area and the secondary sidelit area.

3. If the combined input power of all general lighting completely or partially within
daylight area under skylights and daylight area under roof monitors is 75 watts or
greater, then automatic daylight-responsive controls are required in the daylight
area.

This proposed code change, therefore, aligns with the revised thresholds in the
Addendum O to ASHRAE 90.1-2019.

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 8 of this report for detailed proposed
revisions to code language.

2.3.1 Specific Purpose and Necessity of Proposed Code Changes

Each proposed change to language in Title 24, Part 1 and Part 6 as well as the
reference appendices to Part 6 are described below. See Section 8.2 of this report for
marked-up code language.

Section: Section 130.1(d) and Exception 3 to Section 130.1(d) as well as Section
160.5(b)4D and Exception 3 to Section 160.5(b)4D.

Specific Purpose: The primary purpose of the changes is to lower the threshold for
exempting spaces from requiring automatic daylighting controls. The secondary
purpose of the changes is to make the requirements in the code language more
concise, less confusing, and practical.

Necessity: These changes are necessary to increase energy efficiency via cost-
effective lighting controls.

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

The purpose and necessity of proposed changes to the Nonresidential ACM Reference
Manual are described below. See Section 8.4 of this report for the detailed proposed
revisions to the text of the ACM Reference Manual.

2 Visit EnergyCodeAce.com for trainings, tools and resources to help people understand existing code
requirements.
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Section: Section 5.4.5

Specific Purpose: The specific purpose of the changes is to lower the threshold for
exempting spaces from requiring automatic daylighting controls.

Necessity: These changes are necessary to increase energy efficiency via cost-
effective lighting controls.

2.3.3 Summary of Changes to the Nonresidential Compliance Manual

Chapter 5.4.4 of the Nonresidential Compliance Manual would need to be revised. The
current threshold of 120 watts used to describe the exception for automatic daylighting
controls would need to be updated to the proposed 75 watts.

2.3.4 Summary of Changes to Compliance Documents

The proposed code change would modify the compliance documents listed below.
Examples of the revised forms are presented in Section 8.5.

e NRCC-LTI-E — The verbiage of 120 watts in the sample notes provided as an
example when the “exempt” options is selected needs to be updated.

2.4 Regulatory Context

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

The Mandatory Indoor Lighting Controls section of Title 24, Part 6 (Section 130.1 and
160.5) includes requirements for lighting control, including automatic daylighting
controls in Section 130.1(d) (and 160.5(b)4D). Current requirements specify that
general lighting luminaries in, or partially in, SDZ or PSDZ need to be controlled
independently and lighting power be reduced to 10 percent when the area receives
daylight that is 150 percent or greater than the designed lighting level. Currently, any
spaces that have less than 120 watts of general lighting installed in the SDZ, PSDZ, or
SSDZ are exempt from this requirement. This proposed measure would update the
general lighting wattage threshold for a single space to 75 watts; the combined PSDZ
and SSDZ general lighting wattage threshold would be updated to 150 watts.

There are no other relevant state or local laws or regulations.

2.4.2 Duplication or Conflicts with Federal Laws and Regulations

There are no relevant federal laws or regulations.
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2.4.3 Difference From Existing Model Codes and Industry Standards

The proposed code change aligns with the most recent revision to the daylight-
responsive controls requirements in Addendum O to ASHRAE 90.1-2019 Section
94.1.1.e.

The proposed code change would be more stringent than the daylight-responsive
controls requirements in the 2021 IECC (International Energy Conservation Code),
which has the same exception thresholds as ASHRAE 90.1-2019 before Addendum O
was approved. The 2024 version of IECC is under development and includes a proposal
to reduce the current 120-watt threshold to 75 watts for daylighting responsive controls.

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.

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

e Design Phase: Lighting designer or electrical engineer would design luminaire
layout, specify luminaires, determine the daylit zones, and calculate the
connected lighting load in each space. The lighting designer or electrical
engineer, with the help of energy consultant, would identify automatic daylighting
controls on the plans documents for daylit zones where the connected lighting
load is 75 watts or greater and prepare the NRCC forms accordingly.

¢ Permit Application Phase: Plans examiner would check and confirm automatic
daylighting controls are identified on the plans and NRCC forms for daylit zones
with a connected lighting load of 75 watts or greater.

e Construction Phase: Qualified design reviewer would review the plans
documents and NRCC forms to make sure they are consistent and that
automatic daylighting controls are identified for daylit zones with a connected
lighting load of 75 watts or greater. Electrical contractor or installer would review
the design documents and procure, install, and wire the photocontrols and other
necessary hardware and accessories according to the design documents and fill
out the NRCI forms. Commissioning provider would commission the
photocontrols based on the design documents, specifically the control intent
narratives, sequence of operations, and code requirements.
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¢ Inspection Phase: Acceptance test technician would review the plans
documents for daylit zones, perform automatic daylighting controls acceptance
testing in daylit zones with a connected lighting load of 75 watts or greater, and
file the NRCA forms. Building inspector would verify automatic daylighting
controls are identified for daylit zones with a connected lighting load of 75 watts
or greater in approved drawings and documents.

Changes to the compliance process that has been in place for over a decade would be
minimal. Instead of daylit zones with a connected lighting load of 120 watts or greater,
there would be daylit zones with a connected lighting load of 75 watts or greater.
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3. Market Analysis

3.1 Current Market Structure

The Statewide CASE Team performed a market analysis with the goals of identifying
current technology availability, current product availability, and market trends. It then
considered how the proposed standard may impact the market in general as well as
individual market actors. Information was gathered about the incremental cost of
complying with the proposed measure. Estimates of market size and measure
applicability were identified through research and outreach with stakeholders including
utility program staff, CEC staff, and a wide range of industry actors. In addition to
conducting personalized outreach, the Statewide CASE Team discussed the current
market structure and potential market barriers during a public stakeholder meeting held
on February 24, 2023.

The market for automatic daylighting control solutions, including luminaire-level lighting
controls (LLLCs), wired and wireless photocontrols, is well established in the United
States (U.S.). Table 3 summarizes the market actors in the commercial lighting
distribution chain.

Table 3: Lighting Distribution Chain

Market Actor

Manufacturers Production

Wholesale Distributors Distribution of product, logistics, financing

Manufacturer Representatives | Sales generation

Lighting Designers and Specification of control functionalities and sequence of
Electrical Engineers operations for the projects and sometimes the exact product
Electrical Contractors Product procurement and installation

Commercial End-Users Decision maker

A 2015 study conducted by Bonneville Power Administration characterized four
distribution channels used by manufacturers to sell lighting products to end-users. The
four channels include wholesale distribution, retail, online only, and direct distribution.
Furthermore, both independent and in-house manufacturer representatives act as
brokers for deals, thus playing an important role in the distribution chain (Bonneville
Power Authority 2015). Table 4 summarizes the key points about each distribution
channel.
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Table 4: Market Channels

Distribution Channel

Wholesale Distribution | Dominant channel

Not all inventory is physically stored at distributor site, some
manufactures “drop-ship” directly from factory to project site

Retail Selling products through traditional retail facilities

Online Only Selling only through websites and shipping directly from a central
warehouse

Offering minimal customer service

Direct Smallest channel used by large customers

Product direct to consumer without use of third-party
representatives

Companies that offer lighting control solutions that could be used to comply with the
proposed requirements include, but are not limited to, Acuity Brands, Aleo Lighting,
Autani, Avi-On Labs, Cooper Lighting Solutions, Crestron Electronics, Current, Digital
Lumens, Enlighted, Keystone Technologies, Ledvance, Leviton, Litetronics,
Legrand/WattStopper, Lutron, Maxlite, RAB Lighting, Signify, and Silvair. The U.S.
Energy Information Administration (EIA) conducted the 2018 Commercial Buildings
Energy Consumption Survey (CBECS). According to the survey, the adoption of
daylighting controls is estimated at two percent of the U.S. buildings or seven percent of
total floor area, since larger buildings are more likely to have daylighting controls.

In a U.S. Department of Energy (U.S. DOE) study released in 2016, 140 sources of
published literature were reviewed to assess market penetration of and energy savings
from lighting controls. This study estimated that for the 2015 installed lighting stock®,
daylighting controls were in less than one percent of installed fixtures in the U.S.
commercial lighting stock.

The 2014 California Commercial Saturation (CSS) survey conducted by Itron and
prepared for the California Public Utilities Commission, collected “information on the
distribution of interior lamps by control type and the business’s participation in IOU EE
(sic: energy efficient) lighting, EE lighting control, and DR (sic: demand response)
registration” (Itron, Inc. 2014). The study found that “participants have a statistically
significant smaller share of their lamps manually controlled than non-participants and a
higher share of their lamps controlled by EMS (sic: energy management systems),
occupancy sensors, motion sensors, photocells, and time clocks than non-participants”
(Itron, Inc. 2014).

Table 5 describes the percentage of distribution of interior lamps with daylighting controls
by business participants in IOU Energy Efficiency and Demand Response Programs.
The data shows that few businesses utilize daylighting and other controls unless they
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participate in IOU Energy Efficiency and Demand Response Programs. Those
businesses that utilize lighting control programs have the highest rate of adoption of
daylighting and other controls. The data is based on an analysis of 1,730 surveyed sites.

Table 5: Distribution of Indoor Lamps by Control Type and EE/DR Participation

. EE Lighting
Control Type ol L Control LI5S
Participants | Participants Participants Participants

Daylighting and Other 0.1% 1.4% 2.9% 21%
Source: (Itron, Inc. 2014)

Although the 2018 CBECS, 2016 U.S. DOE study, and the 2014 CSS survey found
different levels of adoption of daylighting controls, all studies demonstrate that
daylighting controls have a low penetration rate across the U.S. and reveal an
opportunity for energy savings by extending controls requirements to new spaces.

3.2 Technical Feasibility and Market Availability

The Statewide CASE Team evaluated the relationship between the area of a daylit zone
and installed wattage using the 2016 lighting power density (LPD) values, which are
based on legacy technology, and the 2022 LPD values, which have been based on LED
technology since the 2019 code cycle. When LPDs were updated for the previous two
code cycles, the 120-watt threshold was not updated to reflect new efficacies, and the
size of daylit zones that are exempt from automatic daylighting controls effectively
increased. Using legacy lighting technology LPDs, the 120-watt threshold corresponds
to a lighting zone size in the range of 120 to 160 ft?. Using 2022 LPDs, the 120-watt
threshold corresponds to lighting zones that are in the range of 170 to 240 ft?. The
proposed 75-watt threshold will realign the daylighting control requirements, so controls
are required in zone sizes similar to the sizes of those that were required to have
automatic daylighting controls during the 2016 code cycle.

Automatic daylighting controls have been a mandatory lighting control requirement for
several code cycles, and market actors already have the knowledge on specifying,
procuring, installing, commissioning, and testing them. The proposed measure would
not require any of the market actors to acquire additional knowledge or meaningfully
change practice. Occupants in daylit zones could still sometimes be confused about or
dislike how the light level of overhead lighting is adjusted by the automatic daylighting
controls in response to daylight. The Statewide CASE Team identified this as the result
of lack of education and exposure like the use of occupant sensor in the early days, and
this should be gradually resolved as automatic daylighting controls become a norm in all
daylit spaces and LEDs are capable of very smooth dimming.
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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 2025 code cycle. It is within
the normal practices of these businesses to adjust their building practices to changes in
building codes. When necessary, builders engage in continuing education and training
in order to remain compliant with changes to design practices and building codes.

California’s construction industry comprises approximately 93,000 business
establishments and 943,000 employees (see Table 6). For 2022, total estimated payroll
will be about $78 billion. Nearly 72,000 of these business establishments and 473,000
employees are engaged in the residential building sector, while another 17,600
establishments and 369,000 employees focus on the commercial sector. The remainder
of establishments and employees work in industrial, utilities, infrastructure, and other
heavy construction roles (the industrial sector).

Table 6: California Construction Industry, Establishments, Employment, and
Payroll in 2022 (Estimated)

Annual
Building Type |Construction Sectors EStra::::lstZ Emrﬁtle%{ (I;TI)i,;(r:!
)
Residential All 71,889 472,974 31.2
Residential Building Construction Contractors 27,948 130,580 9.8
Residential Foundation, Structure, & Building Exterior 7,891 83,575 5.0
Residential Building Equipment Contractors 18,108 125,559 8.5
Residential Building Finishing Contractors 17,942 133,260 8.0
Commercial All 17,621 368,810 35.0
Commercial Building Construction Contractors 4,919 83,028 9.0
Commercial Foundation, Structure, & Building Exterior 2,194 59,110 5.0
Commercial Building Equipment Contractors 6,039 139,442 13.5
Commercial Building Finishing Contractors 4,469 87,230 7.4
Industrial, Utilities,
Infrastructure, &  All 4,206 101,002 1.4
Other (Industrial+)
Industrial+ Building Construction 288 3,995 04
Industrial+ Utility System Construction 1,761 50,126 5.5
Industrial+ Land Subdivision 907 6,550 1.0
Industrial+ Highway, Street, and Bridge Construction 799 28,726 3.1
Industrial+ Other Heavy Construction 451 11,605 14

Source: (State of California n.d.)
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The proposed change to revising automatic daylighting controls exceptions would likely
affect commercial builders as well as builders of multifamily residential and industrial
buildings but would not impact firms that focus on construction and retrofit of utility
systems, public infrastructure, or other heavy construction. The effects on the
residential, commercial, and industrial building industry would not be felt by all firms and
workers, but rather would be concentrated in specific industry subsectors. Table 7
shows the residential building subsectors and Table 8 shows the commercial building
subsectors the Statewide CASE Team expects to be impacted by the changes
proposed in this report.

It is expected that builders would not be impacted significantly by any one proposed
code change or the collective effect of all the proposed changes to Title 24, Part 6.
Builders could be impacted by changes in demand for new buildings and construction
costs. Demand for new buildings is driven more by factors such as the overall health of
the economy and population growth than the cost of construction. The cost of complying
with Title 24, Part 6 requirements represents a very small portion of the total building
value. Increasing the building cost by a fraction of a percent is not expected to have a
significant impact on demand for new buildings or the builders’ profits.

Builders would need to invest in training and education to ensure the workforce,
including designers, acceptance technicians, engineers, and contractions know how to
comply with the proposed requirements. Workforce training is not unique to the building
industry and is common in many fields associated with the production of goods and
services. Costs associated with workforce training are typically accounted for in long-
term financial planning and spread out across the unit price of many units to avoid price
spikes when changes in designs and/or processes are implemented.

The Statewide CASE Team'’s estimates of the magnitude of these impacts are shown in
Section 3.4 Economic Impacts.

Table 7: Specific Subsectors of the California Residential Building Industry by
Subsector in 2022 (Estimated)

Annual

Residential Building Subsector Establishments | Employment Payroll
(Billions $)

0.7

New multifamily general contractors 6,344

New housing for-sale builders 189 3,969 0.5
Residential Remodelers 14,667 61,900 4.2
Residential Electrical Contractors 7,857 48,366 3.3

Source: (State of California n.d.)
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Table 8: Specific Subsectors of the California Commercial Building Industry
Impacted by Proposed Change to Code/Standard by Subsector in 2022
(Estimated)

Annual

Construction Subsector Establishments  Employment (:iﬂ?';z!
)

Commercial Building Construction 4,919 83,028 9.0
Nonresidential Electrical Contractors 3,137 74,277 7.0

Source: (State of California n.d.)

3.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with changing building codes is within the normal
practices of building designers. Building codes (including Title 24, Part 6) are typically
updated on a three-year revision cycle, and building designers and energy consultants
engage in continuing education and training in order to remain compliant with changes
to design practices and building codes.

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: California Building Designer and Energy
Consultant Sectors in 2022 (Estimated)Table 9 shows the number of establishments,
employment, and total annual payroll for Building Architectural Services. The proposed
code changes would potentially impact all firms within the Architectural Services sector.
The Statewide CASE Team anticipates the impacts of the Revise Automatic Daylighting
Controls Exception measure to affect firms that focus on multifamily residential and
nonresidential construction.

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

3 NAICS is the standard used by federal statistical agencies in classifying business establishments for the
purpose of collecting, analyzing, and publishing statistical data related to the U.S. business economy.
NAICS was development jointly by the U.S. Economic Classification Policy Committee (ECPC), Statistics
Canada, and Mexico's Instituto Nacional de Estadistica y Geografia, to allow for a high level of
comparability in business statistics among the North American countries. NAICS replaced the Standard
Industrial Classification (SIC) system in 1997.
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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 in 2022
(Estimated)

. Annual Payroll

Architectural Services ? 4134 31,478 3,623.3
Building Inspection Services ° 1,035 3,567 280.7
Source: (State of California n.d.)

a. Architectural Services (NAICS 541310) comprises private-sector establishments primarily engaged in

planning and designing residential, institutional, leisure, commercial, and industrial buildings and
structures.

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

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 (DOSH). All existing health and safety rules
would remain in place. Complying with the proposed code change is not anticipated to
have adverse impacts on the safety or health of occupants or those involved with the
construction, commissioning, and maintenance of the building.

3.3.4 Impact on Building Owners and Occupants

3.3.4.1 Commercial Buildings

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, while natural gas is used primarily for water
heating and space heating. According to information published in the 2019 California

4 Establishments in this sector include businesses primarily engaged in evaluating a building’s structure
and component systems and includes energy efficiency inspection services and home inspection services.
This sector does not include establishments primarily engaged in providing inspections for pests,
hazardous wastes or other environmental contaminates, nor does it include state and local government
entities that focus on building or energy code compliance/enforcement of building codes and regulations.
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Energy Efficiency Action Plan, there is more than 7.5 billion square feet of commercial
floor space in California consuming 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.

3.3.4.2 Estimating Impacts

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 2025 code cycle to impact building owners or occupants adversely.

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

This measure would result in automatic daylighting controls implemented in more
spaces. Consequently, manufacturers and distributors would sell more components
necessary for implementing automatic daylighting controls, including photosensors,
photocontrols, room controllers, gateways, and cables.

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

Table 10: Employment in California State and Government Agencies with Building
Inspectors in 2022 (Estimated)

Annual PayroII

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

Source: (State of California, Employment Development Department n.d.)
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a. Administration of Housing Programs (NAICS 925110) comprises government establishments
primarily engaged in the administration and planning of housing programs, including building codes
and standards, housing authorities, and housing programs, planning, and development.

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

3.3.7 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
estimated the proposed change in revising automatic daylighting controls exceptions
would affect statewide employment and economic output directly and indirectly through
its impact on builders, designers and energy consultants, and building inspectors. In
addition, the Statewide CASE Team estimated how energy savings associated with the
proposed change in revising automatic daylighting controls exceptions 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 2025 code cycle, the Statewide CASE Team used the IMPLAN model software,®
along with economic information from published sources, and professional judgement to
develop estimates of the economic impacts associated with each of the proposed code
changes. Conceptually, IMPLAN estimates jobs created as a function of incoming cash
flow in different sectors of the economy, due to implementing a code or a standard. The
jobs created are typically categorized into direct, indirect, and induced employment. For
example, cash flow into a manufacturing plant captures direct employment (jobs created
in the manufacturing plant), indirect employment (jobs created in the sectors that
provide raw materials to the manufacturing plant) and induced employment (jobs
created in the larger economy due to purchasing habits of people newly employed in the
manufacturing plant). Eventually, IMPLAN computes the total number of jobs created
due to a code. The assumptions of IMPLAN include constant returns to scale, fixed
input structure, industry homogeneity, no supply constraints, fixed technology, and
constant byproduct coefficients. The model is also static in nature and is a simplification
of how jobs are created in the macro-economy.

The economic impacts developed for this report are only estimates and are based on
limited and to some extent speculative information. The IMPLAN model provides a

5 IMPLAN employs economic data and advanced economic impact modeling to estimate economic
impacts for interventions like changes to the California Title 24, Part 6 code. For more information on the
IMPLAN modeling process, see www.IMPLAN.com.
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relatively simple representation of the California economy and, though the Statewide
CASE Team is confident that the direction and approximate magnitude of the estimated
economic impacts are reasonable, it is important to understand that the IMPLAN model
is a simplification of extremely complex actions and interactions of individual,
businesses, and other organizations as they respond to changes in energy efficiency
codes. In all aspects of this economic analysis, the CASE Authors rely on conservative
assumptions regarding the likely economic benefits associated with the proposed code
change. By following this approach, the economic impacts presented below represent
lower bound estimates of the actual benefits associated with this proposed code
change.

Adoption of this code change proposal would result in relatively modest economic
impacts through the additional direct spending by those in the commercial building
industry, architects, energy consultants, and building inspectors. The economic impacts
presented herein are based on the preliminary cost information for this proposed code
change collected so far and will be updated in the Final CASE Report when the cost
data collection and analyses are fully completed. Nevertheless, the Statewide CASE
Team does not expect the final economic impacts to deviate from this preliminary
estimate in any meaningful way. The Statewide CASE Team does not anticipate that
money saved by commercial building owners or other organizations affected by the
proposed 2025 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

Labor Total Value

. Employment Output

Type of Economic Impact Income Added -
(Jobs)  million)  (Million) (Million)

Direct Effects (Additional spending by 277.8 $21.58 $24.94 $42.48
Commercial Builders)
Indirect Effect (Additional spending by firms 68.0 $5.88 $9.22  $16.99
supporting Commercial Builders)
Induced Effect (Spending by employees of 115.5 $7.88 $14.12  $22.47
firms experiencing “direct” or “indirect” effects)
Total Economic Impacts 461.3 $35.34 $48.28  $81.93

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

6 IMPLAN® model, 2020 Data, IMPLAN Group LLC, IMPLAN System (data and software), 16905
Northcross Dr., Suite 120, Huntersville, NC 28078 www.IMPLAN.com
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Table 12: Estimated Impact that Adoption of the Proposed Measure would have
on the California Building Designers and Energy Consultants Sectors

Labor Total
Type of Economic Impact e Income CEll A Bl
(Jobs) (Million) Added (Million)
(Million)
Direct Effects (Additional spending by Building 271 $2.16 $3.25 $7.02
Designers & Energy Consultants)
Indirect Effect (Additional spending by firms 15.8 $1.25 $2.14 $3.75
supporting Bldg. Designers & Energy Consultants)
Induced Effect (Spending by employees of 14.3 $0.98 $1.75 $2.79
firms experiencing “direct” or “indirect” effects)
Total Economic Impacts 57.2 $4.38 $7.13 $13.55

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

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

Labor | Total Value

. Employment Output

Type of Economic Impact Income Added i
(Jobs) | \tillion)  (Million)| (Million)

Direct Effects (Additional spending by 8.3 $0.91 $0.90 $1.43
Building Inspectors)
Indirect Effect (Additional spending by 3.3 $0.27 $0.38 $0.61
firms supporting Building Inspectors)
Induced Effect (Spending by employees of 5.0 $0.34 $0.61 $0.97
Building Inspection Bureaus and Departments)
Total Economic Impacts 16.7 $1.53 $1.89 $3.01

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

Table 14: Estimated Impact that Adoption of the Proposed Measure would have
on Discretionary Spending by California Residents

Labor| Total Value

. Employment Output

Type of Economic Impact Income Added i
(JobS) | tillion)  (Million)  (Million)

Direct Effects (Additional spending by 0.8 $0.09 $0.11 $0.13
households)
Indirect Effect (Purchases by businesses to 0.1 $0.01 $0.01 $0.02
meet additional household spending)
Induced Effect (Spending by employees of 0.4 $0.03 $0.05 $0.08
businesses experiencing “indirect” effects)
Total Effect 1.3 $0.13 $0.17 $0.24

Source: Statewide CASE Team analysis of data from the IMPLAN modeling software.
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3.4.1 Creation or Elimination of Jobs

The Statewide CASE Team does not anticipate that the measures proposed for the
2025 code cycle regulation would lead to the creation of new types of jobs or the
elimination of existing types of jobs. In other words, the Statewide CASE Team's
proposed change would not result in economic disruption to any sector of the California
economy. Rather, the estimates of economic impacts discussed in Section 3.4 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 increase in design, installation, commissioning,
acceptance testing, and inspection effort, which would not excessively burden or
competitively disadvantage California businesses — nor would it necessarily lead to a
competitive advantage for California businesses. Therefore, the Statewide CASE Team
does not foresee any new businesses being created, nor does the Statewide CASE
Team think any existing businesses would be eliminated due to the proposed code
changes.

3.4.3 Competitive Advantages or Disadvantages for Businesses in
California

The proposed code changes would apply to all businesses incorporated in California,
regardless of whether the business is located inside or outside of the state.” Therefore,
the Statewide CASE Team does not anticipate that these measures proposed for the
2025 code cycle regulation would have an adverse effect on the competitiveness of
California businesses. Likewise, the Statewide CASE Team does not anticipate
businesses located outside of California would be advantaged or disadvantaged.

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).2 As Table 15 shows, between 2017 and 2021, NPDI as
a percentage of corporate profits ranged from a low of 18 in 2020 due to the worldwide
economic slowdowns associated with the COVID 19 pandemic to a high of 35 percent in

" 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.

8 Net private domestic investment is the total amount of investment in capital by the business sector that
is used to expand the capital stock, rather than maintain or replace due to depreciation. Corporate profit is
the money left after a corporation pays its expenses.

2025 Title 24, Part 6 Draft CASE Report — Daylighting | 20



2019, with an average of 26 percent. While only an approximation of the proportion of
business income used for net capital investment, the Statewide CASE Team believes it
provides a reasonable estimate of the proportion of proprietor income that would be
reinvested by business owners into expanding their capital stock.

Table 15: Net Domestic Private Investment and Corporate Profits, U.S.

Net Domestic Private Ratio of Net Private

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

Dollars (Percent)

2017 518.473 1882.460 28
2018 636.846 1977.478 32
2019 690.865 1952.432 35
2020 343.620 1908.433 18
2021 506.331 2619.977 19
5-Year Average - - 26

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

The Statewide CASE Team estimates that the sum of proposed code changes in this
report would increase in investment in California:

Change in Proprietor Income x 0.26 = $2,291,158

3.4.5 Incentives for Innovation in Products, Materials, or Processes

The proposed code changes are not expected to have a significant impact on the
emerging trends within the lighting industry.

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

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

3.4.6.1 Cost of Enforcement

Cost to the State: State government already has budget for code development,
education, and compliance enforcement. While state government will 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
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associated with the code change proposals. The proposed code change is not expected
to have any significant impact on state buildings. Any impact that could occur due to
new construction, additions, or alterations have been found to be cost effective.

Cost to Local Governments: All proposed code changes to Title 24, Part 6 would
result in changes to compliance determinations. Local governments would need to
train building department staff on the revised Title 24, Part 6 Standards. While this re-
training is an expense to local governments, it is not a new cost associated with

the 2025 code change cycle. The building code is updated on a triennial basis, and local
governments plan and budget for retraining every time the code is updated. There are
numerous resources available to local governments to support compliance training that
can help mitigate the cost of retraining, including tools, training and resources provided
by the IOU Codes and Standards program (such as Energy Code Ace). As noted in
Section 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.

3.4.7 Impacts on Specific Persons

While the objective of any of the Statewide CASE Team’s proposal is to promote energy
efficiency, the Statewide CASE Team recognizes that there is the potential that a
proposed code change may result in unintended consequences. The proposed changes
are not known or expected to result in impacts on specific persons. Refer to Section 7
for more details addressing energy equity and environmental justice.

3.5 Fiscal Impacts

3.5.1 Mandates on Local Agencies or School Districts

There are no relevant mandates to local agencies or school districts. The proposed
code change would not result in the creation of new job or revenue.

3.5.2 Costs to Local Agencies or School Districts

There are no costs to local agencies or school districts. The proposed code change
would not result in the creation of new job or revenue.

3.5.3 Costs or Savings to Any State Agency

There are no costs or savings to any state agencies. The proposed code change would
not result in the creation of new job or revenue.
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3.5.4 Other Non-Discretionary Cost or Savings Imposed on Local
Agencies

There are no added non-discretionary costs or savings to local agencies. The proposed
code change would not result in the creation of new job or revenue.

3.5.5 Costs or Savings in Federal Funding to the State

There are no costs or savings to federal funding to the state. The proposed code
change would not result in the creation of new job or revenue.
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4. Energy Savings

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

Energy savings benefits may have potential to disproportionately impact DIPs. Refer to
Section 7 for more details addressing energy equity and environmental justice.

41 Energy Savings Methodology
4.1.1 Key Assumptions for Energy Savings Analysis

The Statewide CASE Team developed building-wide energy use estimates for both the
Standard Design and the Proposed Design. The Standard Design represents the
geometry of the proposed 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
2022 Title 24, Part 6 code requirements. Features used in the Standard Design are
described in the 2022 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.

For both the Standard Design and Proposed Designs, the Statewide CASE Team
assumed a lighting power density (LPD) of 0.6 watts per square foot (W/ft?), which is the
allowed LPD for general lighting for an Office Area larger than 250 square feet in 2022
Title 24, Part 6 if using the area category method (Table 140.6-C). In the Standard
Design, it was assumed that there are no automatic daylighting controls. In the
Proposed Design, it was assumed that there are automatic continuous daylighting
dimming controls with minimum lighting and power factors of 0.1 for the PSDZ and
SSDZ. This is equivalent to meeting the 2022 Title 24, Part 6 automatic daylighting
controls requirement of dimming to 10 percent of the total design power when daylight is
abundant.

Office areas, conference rooms, and corridors are the areas the Statewide CASE Team
assume will be most affected by this measure. Other spaces that are associated with
specific building types and are also likely to be impacted by the proposed code change
include study spaces, lobbies, exercise areas, small dining areas, transaction areas,
and retail areas. The Statewide CASE Team simulated the energy impacts in every
climate zone and applied the climate-zone specific Lifecycle Cost Hourly Factors when
calculating energy and energy cost impacts.
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4.1.2 Energy Savings Methodology per Prototypical Space

The Statewide CASE Team quantifies the per-unit energy savings expected from the
proposed code change in several ways.

First, the site energy savings were calculated by fuel type. Electricity savings were
measured in terms of both energy usage and peak demand reduction. This analysis
considers only the lighting energy savings from expanded use of daylighting controls
and does not calculate interaction effects with heating and cooling loads which are
small.

Second, the Statewide CASE Team calculated Source Energy Savings. Source Energy
represents the total amount of raw fuel required to operate a building. In addition to all
energy used from on-site production, source energy incorporates all transmission,
delivery, and production losses. The hourly Source Energy values provided by CEC are
strongly correlated with GHG emissions.® Finally, the Statewide CASE Team calculated
Long-term Systemwide Cost (LSC) Savings, formerly known as Time Dependent
Valuation (TDV) Energy Cost Savings. LSC Savings are calculated using hourly LSC
factors for both electricity and natural gas provided by the CEC. These LSC hourly
factors are projected over the 30-year life of the building and incorporate the hourly cost
of marginal generation, transmission and distribution, fuel, capacity, losses, and cap-
and-trade-based CO2 emissions.

The Statewide CASE Team estimated Lifecycle Energy, Source Energy, electricity,
natural gas, peak demand, and GHG impacts by simulating the proposed code change
in Ray Tracing software and spreadsheet analysis.

4.1.2.1 Modeling of the Daylighting Condition for the Impacted Spaces
within the Prototypical Buildings

The hourly energy savings from daylighting controls was calculated by simulating the
hourly daylight illuminance values at the far side of the primary and secondary sidelit
zones for all hours of the year in a prototypical space and calculating the energy
consumption of the controlled luminaires using a spreadsheet model that calculates the
electric lighting reduction in response to daylight and its corresponding reduction in
electrical usage. The simulation of daylight illuminance in the interior of the prototypical
space was accomplished using the LightStanza front end to Radiance — a backwards
ray-tracing program that is considered to be one of the more accurate ways of
simulating daylighting in buildings. This method was used instead of modelling the
space with EnergyPlus whole building energy simulation which has a less accurate
daylighting simulation (split-flux), but which also considers the interaction effects with

9 See Hourly Factors for Source Energy, Long-term Systemwide Cost, and Greenhouse Gas Emissions at
https://www.energy.ca.gov/files/2025-energy-code-hourly-factors
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HVAC heating and cooling loads. Reducing electric lighting energy consumption during
the day in response to daylight in the space reduces internal gains. This reduction in
internal gains increases heating loads and decreases cooling loads. Work by Sezgen
and Koomey (Sezgen and Koomey 1998) found that the overall interaction effects in
large office buildings were small with a net 0.02 kWh reduction in HVAC energy per 1
kWh reduction in lighting energy. In comparison, the error associated with using the
native split flux model in EnergyPlus as compared to Radiance has been reported to be
around 20 percent. As a result, this analysis is based on a lighting energy only
calculation with the understanding that HVAC interaction effects are small and would
likely increase energy savings from daylighting controls, so the calculation method is
slightly conservative.

The Statewide CASE Team developed a daylight model to evaluate the illuminance
levels within a space from daylight. The model is intended to identify when there is
sufficient daylight during each daytime hour that the electric lighting can be dimmed.
The space characteristics are typical of those found in an office space, conference
room, or medium size room with 75 watts to 120 watts of power in the PSDZ. The model
consisted of a 16-foot wide by 18-foot-deep space with a 9-foot ceiling height as
depicted in Figure 1Error! Reference source not found.. Standard interior reflectance
was used for the ceiling (80 percent), walls (50 percent), and floor (20 percent). The
daylight model is agnostic to space types, the energy impact from automatic daylighting
controls for a specific space type can be derived by applying a calculation algorithm that
is a function of simulated daylighting values relative to the general lighting design
illuminance for the space type. This is multiplied by a lighting schedule that is a function
of the occupancy of the space type and the assumed controls of the space (occupancy
sensors, manual controls timeclocks etc.). The lower the design illuminance, the larger
the daylighting controls savings fraction.

Table 16: Space Types, General Lighting Design llluminance and Power Density

Space Tvbes General Lighting Design IES Reference General Lighting
P yp llluminance (lux) Standard LPD (WI/ft?)

Office RP-10 0.60
Conference Room 300 RP-10 0.75
Study Space 300 RP-3 0.80
Corridor 50, 1002 RP-10 0.40
Lobby 150 RP-10 0.50°
Exercise Room 400 DG-25 0.50

a. |IES recommended illuminance for corridors is 50 lux, but 100 lux was used to minimize adaptation
between corridor and other spaces.

b. Actual general lighting allowance is 0.7 W/ft?, which accounts for focal and decorative lighting in
addition to general lighting.
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The simulated space was designed to be representative of many of the medium-sized
spaces in nonresidential buildings where the connected lighting load in the daylit zones
would be between 120 watts (the current threshold) and 75 watts (the proposed
threshold). This daylight model includes three windows that are three feet and six
inches wide by five feet and six inches tall. The windows are located adjacent to each
other at the center of an exterior wall. The window head height is eight feet, and the
windowsill height is placed at two feet and six inches. The window placement and
dimensions are selected to maintain a 40 percent net window-to-wall ratio (not including
wall area exterior to the plenum) to align with a typical office or commercial building
envelope.1°

The windows are assigned a 50 percent visible transmittance, a little higher than the 40
percent minimum prescriptive visible transmittance prescriptively required by Section
140.3 of Title 24, Part 6. For the purposes of this simulation, blinds were set to 100
percent open each day to minimize potential errors if the blind control interfered with the
daylight analysis. Earlier studies have found that blinds are predominantly left open
(Heschong Mahone Group 2012) (Nezamdoost, Mahic and Van Den Wymelenberg
2018).

The PSDZ covered the entire width of the space and extended eight feet into the space
from the window. The SSDZ also covered the entire width of the space and was located
eight feet to 16 feet from the window. Calculation points were placed two feet and six
inches above the floor — typical of a standard work plane — and spaced two feet apart.
Two additional rows of calculation points were located at the back of each daylit zone.
These additional rows were the key points utilized in the daylight analysis to determine if
there was sufficient daylight within the entire PSDZ or SSDZ to dim the electric lighting.

10 With a 12-foot floor to floor height (3-foot plenum height) this design is representative of a 30% window
to wall ratio. This analysis is conservative as designs with the prescriptive maximum WWR of 40% would
be saving more energy with daylighting controls.
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Figure 1: The daylight model for modeling the spaces within the prototypical
buildings that are affected by the proposed code change.

The daylight model was evaluated using LightStanza,'! which is a calculation software
that acts as a graphic user interface for Radiosity. This software uses raytracing to
quantify the amount of daylight passing through a specific point (e.g., a window) in a
specific direction. Raytracing considers reflection, refraction, and light scattering within a
space to provide accurate daylight simulations. The ground plane outside of the
simulated geometry was given a conservatively low reflectance of zero percent to offset
the amount of shading that might occur from surrounding buildings. The LightStanza
model used CEC weather files for each of the 16 Title 24 climate zones with hourly
values of direct beam and diffuse illuminance to more accurately calculate hourly
daylight illuminances based upon actual sky conditions in each climate zone.

The Statewide CASE Team performed a daylight analysis within the model for every
daytime hour of the year. The daylighting condition in the daylight model was simulated
with the window oriented in all four cardinal directions in each of the 16 climate zones,
totaling 64 different scenarios. This allowed the Statewide CASE Team to identify the
average hourly illuminance levels at the back of the primary and secondary sidelit zones
to determine how much the electric lighting would be dimmed in response to daylight in
each of these zones.

4.1.2.2 Electric Lighting Energy Savings Calculation for the Daylight Model

The response of the electric lighting controls to daylight illuminance levels in the rear of
the primary and secondary sidelit zones is calculated to be representative of a

11 https://lightstanza.com/
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daylighting control specified and installed in accordance with Section 130.1(d)
“Automatic daylighting controls” of Title 24, Part 6, and the settings confirmed as
meeting the code intent by successfully passing the Nonresidential Appendix NA7.6.1
“Automatic Daylighting Controls Acceptance Test.”

Title 24, part 6 Section 130.1(d)3 requires:

B. For each space, ensure the combined illuminance from the controlled lighting and
daylight is not less than the illuminance from controlled lighting when no daylight is
available;

C. For areas other than parking garages, ensure that, when the daylight illuminance
is greater than 150 percent of the illuminance provided by the controlled lighting
when no daylight is available, the controlled lighting power in that daylight zone shall
be reduced by a minimum of 90 percent;

These requirements are reflected the control plot Figure 2 below. The lighting system is
given some leeway to implement daylighting controls. The requirements are designed to
maintain amenity (light levels don’t fall below the design illuminance of the electric
lighting system) while saving energy. The leeway indicated by the acceptable range is
to ensure the requirements are achievable as no control works perfectly. So long as the
system is not over-dimming and making the space too dark (combined daylight and
electric light illuminance is not less than design illuminance) or under-dimming and
being fully dimmed to 10 percent or lower when daylight is 150 percent of the design
illuminance, the system complies.
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Figure 2: Daylighting control plot showing relationship between daylighting
illuminance and electric lighting illuminance.

The safest approach to implement automatic daylighting controls would be to set the
control response close to the middle of the acceptable dimming range (i.e., fully dimmed
when daylight in the space is 125 percent of design illuminance). This typical control
response is shown as the dashed red line in the middle of the red electric lighting
control range. In this manner, if the control errs by slightly over-dimming or slightly
under-dimming, the control will still pass the acceptance tests as the slight error will not
cause the control to be outside of the acceptable range.

Thus, the Statewide CASE Team made use of the assumption that the controls would
be linearly interpolating between 100 percent electric light output at O percent daylight
contribution, and 10 percent electric light output when daylight in the space is 125
percent of the design illuminance. This would reflect common practice and is halfway
between a control that maximizes energy savings while the space does not drop below
design illuminance and a minimally compliant control that is fully dimmed when daylight
in the space is 150 percent of design illuminance.
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Electric Light Fraction (ELIF) vs Daylight Fraction (DIF)
Middle of Acceptable Range
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Figure 3: Electric Light llluminance Fraction (ELIF) in the middle of acceptable
range with 10% minimum dimming level versus interior daylight illuminance
fraction.

Figure 3 illustrates the hourly electric light fraction of design illuminance, ELIFn, with
respect to daylight illuminance as a fraction of design illuminance, DIFh. This
relationship can be quantified as follows in Equation 1.

0.9
ELIF, = 1——"DIF,,0.1
h max( 125 21w 0 )

Equation 1
Where:

DIFn is the hourly interior daylight illuminance as a fraction of the design
illuminance (Equation 2).

The slope of -0.9/1.25 reflects that electric lighting is dimmed by 90 percent when
the interior daylight level is 125 percent of the design illuminance level.

The value of this equation never falls below 0.1 as the code requirement is to dim
by at least 90 percent, thus when there is full daylighting in the space, electric
lights can provide up to 10 percent of full light output.
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Daylight Illuminancey,

DIF, =
h Design Illuminance

Equation 2
Where:

Daylight llluminancen is the hourly daylighting illuminance from the raytracing
daylighting analyses averaged for the five virtual (simulated) light sensors at the
opposite side of the primary and secondary sidelit zones from the windows.

Design llluminance is the average illuminance provided by the general lighting
system when there is no daylight in space.

It should be noted that the task illuminance values are used as a proxy for general
lighting illuminance. Often the general lighting system is actually providing a mixture of
the relatively low light levels needed for circulation lighting and some of the task lighting
with the full task illuminance provided by a task lighting system. As a result, this analysis
is conservative; actual general lighting design illuminance is often lower than the task
illuminance, and a greater fraction of general lighting power will be reduced than
calculated here.

The hourly electric light power fraction, ELPF, is determined based on ELIFh in
Equation 1. ELPF represents the fraction or percentage of electric lighting power
required to produce electric light level to result in the designed illuminance at the
reference. This assumes a linear relationship between electric lighting power and
electric light output — between the minimum power and light point when fully dimming,
and the 100 percent power and 100 percent light output when the light is operating at its
rated power and light.

(1 — Min Power)
(1 — Min Light)

ELPF, = Min Power + (ELIF,, — Min Light) X

Equation 3
Where:
Min Power is the fraction of rated power at the minimum light output;
Min light is the fraction of rated light output at the minimum light output.

Typically, LEDs are assumed to consume power proportional to their light output. Thus,
if a LED is dimmed to 40 percent of light output, it is assumed the LED consumes 40
percent of rated power. In other words, the LED is assumed to have a constant efficacy
across its entire dimming range. To be slightly more conservative in calculating savings,
the Statewide CASE Team assumed that the minimum fraction of lighting power is 12
percent for an LED luminaire capable of dimming to a minimum of 10 percent of light
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output. There is not much data available about this key performance characteristic, but
the Statewide CASE Team did find a limited amount of data that indicated that there
was approximately a 2 percent offset in lighting power at the minimum light output point
for LED luminaires.

(1-10.12)

Equation 4

This linear interpolation of fraction of rated power to fraction of rated light is shown in
Figure 4.

LED dimming curve power vs light

120%
100%, 100%

100%
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60%
40%
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Electric light illuminance fraction of design illuminance, (ELIF)

electric light power fraction (ELPF)

Figure 4: Electric Power Fraction (ELPF) versus Electric Light Fraction (ELIF), 12
percent of rated power when dimmed to 10 percent of rated light output.

By following Equation 1 through Equation 4, the hourly simulated daylight in the
modeled space (DIFn) is the basis of calculating the hourly fraction of light output of
electric lighting in the daylight zones (ELIFnh) which in turn leads to the hourly fraction of
electric power consumed by the controlled lighting (ELPFn). However, electric lighting is
not energized every daylit hour of the day. Spaces may be vacated during some
portions of daytime hours and lights are turned off manually or by automatic controls.
Thus, the savings from daylighting controls are multiplied by the probability that lights
are on during that time.

The Statewide CASE Team modeled the effects of occupant sensing controls based on
the lighting schedules provided in the ASHRAE 90.1 prototype score cards for the large
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office building prototype (see Appendix H for more details on the schedule and why it
was utilized). In looking at the schedule, there is a background value of five percent
lighting energy consumed even when the occupancy schedule is zero percent. This is
likely representing “night lighting” or egress lighting for the space. As shown in Equation
5, the Statewide CASE Team subtracted five percent from the total lighting schedules to
describe the probability of lighting that is controlled, CLS, based on the assumption that
this five percent of lighting is uncontrolled.

CLS, = ALS, — 0.05

Equation 5
Where:

CLSh is the hourly schedule of controlled lighting as a fraction of full occupancy;

ALSh is the hourly schedule of all lighting as a fraction of full occupancy,
including uncontrolled “night lighting” from ASHRAE prototype score cards.

After applying these reduced schedules to the lighting reduced by automatic daylighting
controls, the five percent night lighting was added back onto to each hour’s energy
consumption. This total normalized energy consumption is shownError! Reference
source not found. as full load hours. Full load hours have units of Wh/yr per watt or
hours per year at rated power.

8,760

FLH = Y [CLS, x ELPF, + 0.05]
h=1

Equation 6

The base case with no daylighting controls has an electric lighting power fraction, ELPF
in Equation 3, equal to one for all hours so that the full load hours is simply the lighting
schedule of all lighting, ALS, including night lighting over the course of the year. The full
load hours for the base case is, therefore, the summation expressed in Equation 7. The
proposed daylighting controls case has a year’s worth of hourly electric lighting power
fractions, ELPFhn, that are reduced based on the amount of daylight modelled into the
rear of the primary and secondary zones.

Equation 7
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Since full load hours have units of Wh/yr per watt, dividing them by 1,000 will represent
energy savings in terms of kWh/yr per Watt of controlled lighting.

Full load hours of energy savings, and equivalently, annual energy savings per watt of
lighting power, from automatic daylighting controls are the difference between the two
summations above. The Statewide CASE Team has presented the normalized energy
savings first in terms of full load hours per year as this is the format that is most
recognizable to people who evaluate savings of daylighting controls. The full load hours
savings fraction is not obscured by the wattage of the system, or the fraction of the
building being controlled but is the fraction of lighting power reduction in the primary and
secondary sidelit zones.

The equations for ELIF and ELPF are non-linear, and it would not be appropriate to
average the illuminance results for various orientations prior to calculating the building
energy savings. Therefore, the energy consumption was calculated by the daylit zones
for each orientation and the PSDZ and SSDZ separately. To do otherwise would be to
overestimate energy savings. The PSDZ would be saturated (above illuminance
setpoint and thus dimmed to minimum) much of the time. If these zones with excess
daylight were averaged either with the SSDZ or with other building orientations with less
daylight, the average including the excess daylight would be applied to the other zones
with less than full daylighting — something that does not actually happen. However, the
energy results can be averaged for all four orientations as this is just an area weighted
energy savings because the model has equal areas (corresponding to equal
probabilities) in each orientation.

Savings for primary and secondary sidelit zones are reported separately because the
incremental cost of adding a second control zone is less than the cost of adding the first
control zone. There are fixed costs with adding any control zone to a room with a lesser
amount of variable costs associated with adding additional control zones. This
separation of primary and secondary energy savings and energy cost savings provides
the detail needed to evaluate cost-effectiveness for different combinations of primary
and secondary zones.

Per-unit energy impacts are presented in full load hour savings, hence the annual
energy savings per watt, separately for the primary sidelit zone, the secondary sidelit
zone, and the combined primary and secondary sidelit zones for each space type
affected by the proposed code change. The per-watt peak demand impacts, GHG
impacts, and source energy impacts are subsequently derived from the per-watt energy
impacts.

The per-watt impacts for the combined PSDZ and SSDZ would be most typical as most
applications have both daylit zones. The per-watt impacts for the primary sidelit zones
represent impacts in spaces with not much depth such as corridors. The per-watt
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impacts for the secondary sidelit zone would be a rare case but occasionally occurs
depending on the lighting design.

The Statewide CASE Team applied the same schedule modified from the ASHRAE
90.1 scorecards for the large office building prototype to the primary space types that
would be impacted by the code change, namely, offices, conference rooms and
corridors, regardless of the building types these spaces belong to.

4.1.2.3 Scaling the Electric Lighting Energy Savings for the Impacted
Spaces within the Prototypical Buildings

The Statewide CASE Team estimated the portion of the floorspace within each
prototype building that would be impacted by the proposed code change as listed in the
second and third column of Table 17 for new constructions (NC) and existing buildings
(Exist), respectively. These estimates were based on reviewing several recent building
plans and identifying what fraction of floorspace were by windows and had lighting in
the primary or secondary zone between 75 watts (proposed threshold) and 120 watts
(existing daylighting control threshold). The corresponding square footages, in million
square feet (M ft?), based on the CEC 2026 Statewide Construction Forecast in
Appendix A are listed in the third and fourth column of the table. For the impacted
floorspaces within each prototype, the Statewide CASE Team further estimated the
composition of different functional space types as the rest of the columns shown in
Table 17. The base case and proposed case, energy savings per watt of controlled
lighting were applied to the percent of floorspace impacted, the composition of the
impacted functional space types and the LPDs of the space types to arrive at the
savings for each prototype building in each of the 16 climate zones.

2025 Title 24, Part 6 Draft CASE Report — Daylighting | 36



Table 17: Estimated Floorspace Impacted and the Composition of Impacted Functional Space Types

New Existin : Conference . Exercise
p _— New| Existing Constructiin Buils(:ing S Room SEIILED ST e Room Hels g
rototype Building : o ; : (% 0 (% (% . (%
st | il : I?ayllt \ . I?ayllt ; Composition) " o Composition) | Composition) s o Composition)
(Million ft2) | (Million ft2) Composition) Composition)
Large Office 7% 7% 1.04 5.06 50% 40% 10% - - -
Medium Office 7% 7% 1.08 3.16 60% 20% 20% - - -
Small Office 7% 7% 0.23 1.12 80% - 20% - - -
Large Retail 5% 5% 0.42 1.52 40% 50% 10% - - -
Medium Retail 2% 2% 0.15 0.75 50% 40% 10% - - -
Mixed-use Retail 0.5% 0.5% 0.00 0.00 60% 20% - - - 20%
Large School 7% 5% 0.58 1.39 40% 60% - - - -
Small School 2% 3% 0.09 0.66 50% 50% - - - -
ponTemgeratad 1% 1% 0.17 0.82 70% 30% i i i i
Hotel 0.5% 0.5% 0.04 0.13 40% 30% 10% - 20% -
Assembly 5% 3% 0.55 1.51 50% 30% 10% 10% - -
Hospital 6% 6% 0.36 1.68 50% 50% - - - -
Laboratory 10% 10% 0.16 1.16 60% 40% - - - -
Restaurant 1% 1% 0.04 0.13 100% - - - - -
Grocery 1% 1% 0.01 0.03 70% 20% 10% - - -
nefrigerated 1% 1% 0.00 0.01 70% 30% i i . .
Controlled-
environment 1% 1% 0.02 0.03 70% 30% - - - -
Horticulture
Vehicle Service 10% 10% 0.61 2.74 20% - 80% - - -
New Construction
Total Daylit Area - - 5.53 - 2.73 1.77 0.96 0.05 0.01 0.00
(Million ft?)
Existing Buildings
Total Daylit Areas - - - 21.90 10.83 6.94 3.95 0.15 0.03 0.00
(Million ft?)

a. New construction starts multiplied by fraction of building area which are newly covered by daylighting control requirements.
b. Retrofits occur every 15 years or 7 precent per year multiplied by fraction of building area which are newly covered by daylighting control requirements.
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Note that from Table 17, approximately half of the additional daylit areas that would be
newly covered by the proposed code change are offices. The top three space types are
offices, conference rooms, and corridors. Also, approximately 80 percent of newly
covered areas would be for retrofits in existing buildings.

4.1.3 Statewide Energy Savings Methodology

The per-unit energy impacts were extrapolated to statewide impacts using the
Statewide Construction Forecasts that the CEC provided. The Statewide Construction
Forecasts estimate new construction/additions that would occur in 2026, the first year
that the 2025 Title 24, Part 6 requirements are in effect.'? They also estimate the total
existing building stock in 2026, which the Statewide CASE Team used to approximate
savings from building alterations. The construction forecast provides construction (new
construction/additions and existing building stock) by building type and climate zone, as
shown in Appendix A.

The statewide installed lighting power for these applications by building are the product
of: 1) the statewide construction areas for new construction in Appendix A, 2) the
fraction of the impacted daylit areas per building 3) the fraction of impacted space types
per building and 4) the lighting power densities per space type in Table 18. Combining
these by climate zone across all building type yields a construction forecast of watts per
space type per climate zone as shown in Table 18. From this, the energy savings,
demand savings, source energy savings and GHG emissions reductions per watt can
be expanded into a statewide estimate of savings.

Table 18: Statewide New Construction Lighting Power in Daylit Zones by Climate
Zone (kW)

Office| Conference| Corridor Study| Exercise Lobby

Climate Zone Room Space Room
LPD: 0.60 LPD: 0.75| LPD:0.40| LPD: 0.80| LPD: 0.50| LPD: 0.50
6.2 3.9 0.9 0.0 0.0 0.0

1 . :

2 47.3 24.3 8.8 1.6 0.1 0.0
3 226.6 201.3 41.6 6.3 0.5 0.0
4 111.2 100.0 22.9 2.2 0.3 0.0
5 20.6 13.6 3.9 0.2 0.1 0.0
6 125.6 102.9 32.7 3.2 0.3 0.0
7 96.1 80.9 21.6 3.2 0.2 0.0
8 182.5 151.8 47.5 5.7 0.4 0.0
9 322.7 260.0 97.7 7.3 0.6 0.0

12 Located in Appendix A of the CEC New Measure Proposal Template:
https://www.energy.ca.gov/media/3538
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Office| Conference| Corridor Study| Exercise Lobby

Climate Zone Room Space Room
LPD: 0.60 LPD: 0.75| LPD:0.40| LPD: 0.80| LPD: 0.50| LPD: 0.50
10 131.7 104.0 32.6 4.6 0.3 0.0
1 33.5 31.2 4.1 0.7 0.1 0.0
12 203.1 155.8 38.9 5.6 0.4 0.0
13 64.9 491 15.2 1.2 0.1 0.0
14 321 25.1 10.1 1.0 0.1 0.0
15 22.4 15.6 4.7 0.5 0.1 0.0
16 10.8 8.6 2.8 0.3 0.0 0.0
All (kW) 1,637.4 1,328.3 386.1 43.6 3.5 0.0
All (Million ft?) 273 1.77 0.97 0.05 0.01 0.00

Note there is no wattage for the lobby space type as that space type is only in the
mixed-use retail building type. This building type does not have a construction forecast
yet but given only one space type is involved this will not change the statewide
estimates significantly.

A similar approach was taken to estimate building alterations, in this case a seven
percent per year alteration rate corresponding to lighting being replaced once every 15
years is multiplied by the product of 1) the statewide construction areas for existing
buildings in Appendix A, 2) the fraction of the impacted daylit areas per building 3) the
fraction of impacted space types per building and 4) the lighting power densities per
space type. The results were then combined across all building type to yield a forecast
of watts per space type per climate zone as shown Table 19.

Table 19: First Year's Alterations Lighting Power in Daylit Zones by Climate Zone
(kW)

Climate Zone Office| Conference| Corridor Study| Exercise Lobby
Room Space Room
LPD: 0.60 LPD: 0.75| LPD:0.40| LPD: 0.80| LPD: 0.50| LPD: 0.50

1 13.6 .

2 165.6 104.4 35.3 3.1 0.4
3 794.6 653.0 161.6 15.3 1.7
4 425.0 343.4 80.4 7.6 0.9
5 78.2 45.7 16.7 1.1 0.2
6 517.5 422.4 131.3 9.6 1.1
7 414.5 343.5 95.9 6.9 1.1
8 738.0 625.5 189.2 15.0 1.5
9 1,211.5 1,046.8 311.2 20.2 2.3
10 657.1 508.5 193.4 15.4 1.3
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Climate Zone Office| Conference| Corridor Study| Exercise Lobby
Room Space Room
LPD: 0.60 LPD: 0.75| LPD:0.40| LPD: 0.80| LPD: 0.50| LPD: 0.50

133.9 95.2 29.1

12 774.8 579.5 176.4 11.7 1.4 0.0

13 270.8 2014 68.2 5.1 0.5 0.0

14 151.8 119.7 49.1 3.2 0.3 0.0

15 90.6 65.0 241 2.0 0.2 0.0

16 47.7 36.2 12.8 1.1 0.1 0.0

All (kW) 6,499.0 5,203.7 1,580.2 120.7 13.1 0.0
All (Million ft?) 10.83 6.94 3.95 0.15 0.03 0.00

The first-year statewide energy savings per climate zone can be derived by multiplying
the per-watt energy savings discussed in the previous sections by the statewide lighting
power in daylit zone in Table 18 and Table 19 for new constructions and existing
buildings, respectively. Similarly, the statewide demand reductions and GHG reductions
per climate zone are obtained by multiplying the per-watt demand reduction and per-
watt GHG reduction by the statewide lighting power in daylit zone above.

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

4.2 Per-Unit Energy Impacts Results

Energy savings and peak demand reductions per unit are presented in Table 21. The
per-unit energy savings figures do not account for naturally occurring market adoption
or compliance rates.

As the methodology discussed in Section 4.1.3, the unit of interest is the savings per
watt of lighting in the primary sidelit zone, the secondary sidelit, and the combined
primary and secondary sidelit zone. And the primary metric in developing the per-watt
energy savings is the full load hours of energy consumption in the base case without
daylighting controls versus the full load hours of energy consumption by the lighting
systems with automatic daylighting controls. Full load hours per year is the total energy
consumption of the lighting system divided by its rated wattage. This evaluation is
conducted for each of the 16 California climate zones.

The full load hours for spaces in an office building that would be impacted by this code
change proposal, namely, offices, conference rooms, and corridors, are presented in
Table 20. Only the full load hours savings in the PSDZ are presented for corridors as it
is typically a shallow space and does not have a SSDZ. The full load hours for spaces in
other building types that would be impacted by the proposed code change are still being
evaluated, and the results will be included in the Final CASE Report.
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Table 20: Full Load Hour per Year (FLH) Consumption of Base Case Lighting
System and Lighting Systems in the PSDZ and SSDZ

i | Mo POV P02 g o SS02 0
Zone LI Conference Room Gl AT Room Savings (.:orrldoor
Control (FLH) Room (FLH)  Savings (%) Room (FLH) (%) Savings (%)

1 2,949 1,228 58% 1,635 45% 1,066 64%
2 2,949 1,159 61% 1,562 47% 1,036 65%
3 2,949 1,147 61% 1,527 48% 1,033 65%
4 2,949 1,131 62% 1,496 49% 1,031 65%
5 2,949 1,132 62% 1,489 50% 1,031 65%
6 2,949 1,126 62% 1,475 50% 1,035 65%
7 2,949 1,132 62% 1,491 49% 1,039 65%
8 2,949 1,141 61% 1,502 49% 1,039 65%
9 2,949 1,140 61% 1,501 49% 1,041 65%
10 2,949 1,136 61% 1,490 49% 1,043 65%
11 2,949 1,193 60% 1,569 47% 1,053 64%
12 2,949 1,174 60% 1,557 47% 1,045 65%
13 2,949 1,181 60% 1,536 48% 1,072 64%
14 2,949 1,121 62% 1,465 50% 1,037 65%
15 2,949 1,131 62% 1,457 51% 1,046 65%
16 2,949 1,185 60% 1,577 47% 1,051 64%

Usually, the highest energy consumption for daylit spaces is in Climate Zone 1, which
has the most cloudy days (least sunny days). However, since even on a cloudy day
there is significant daylight available, the percent savings relative to the base case with
no daylighting control varies only slightly by climate zone. Also note that the daylighting
controls on the primary sidelit zone lighting in the corridor saves a greater fraction of
energy than these same controls applied to the primary sidelit zone lighting in the office
space and conference room spaces. This is due to a lower design illuminance for the
corridor (100 lux) than that for the office (300 lux), thus the lighting in the corridor is fully
dimmed at daylight levels which would invoke only partial dimming in the office.

Based on the full load hours of energy consumption in Table 20, the per-unit (per-watt)
electricity savings, demand reductions, and source energy savings for spaces that
would be impacted by this code change proposal are calculated and presented in Table
21 and
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Table 22.

The first-year impacts for spaces in other building types that would be impacted by the

proposed code change are still being evaluated, and the results will be included in the
Final CASE Report.
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Table 21: First-Year Electricity Savings (kWh) and Demand Table 22: First-Year Source Energy Savings (kBtu) per

Reductions per Watt of Controlled Lighting — New Watt of Controlled Lighting — New Construction and
Construction and Alterations Additions/Alterations
PSDZ PSDZ Office/| SSDZ Office/| oDz *SSDZ PSDZ
. Office / Corridor
: Corridor . Conference Conference
Climate Climate Conference Source
Room Room . Room Room DEEN Room Source| Room Source

Zone . Zone . : Room Source Energy
Energy Energy ] Demand Demand | Reductions Energy Savings | Energy Savings Enerav Savinas S
Savings CEVS Reductions | Reductions (Wiw) (kBtu/W) (kBtu/W) ay KBt I\?V KBt /\?v
(KWhiyr-W) | (KWhiyr-W) (WIW) (kBtu/W) | (kBtu/W)
1 1.72 1.31 1.88 0.0060 0.0042 0.0082 1 0.90 0.63 0.77 1.11
2 1.79 1.39 1.91 0.0063 0.0042 0.0088 2 0.96 0.65 0.81 1.15
3 1.80 1.42 1.92 0.0069 0.0048 0.0091 3 0.98 0.70 0.84 1.15
4 1.82 1.45 1.92 0.0070 0.0048 0.0091 4 1.00 0.73 0.86 1.16
5 1.82 1.46 1.92 0.0075 0.0053 0.0096 5 1.03 0.76 0.89 1.17
6 1.82 1.47 1.91 0.0081 0.0058 0.0102 6 1.03 0.77 0.90 1.16
7 1.82 1.46 1.91 0.0084 0.0057 0.0107 7 1.04 0.78 0.91 1.16
8 1.81 1.45 1.91 0.0080 0.0057 0.0100 8 1.00 0.74 0.87 1.15
9 1.81 1.45 1.91 0.0083 0.0059 0.0102 9 1.01 0.74 0.87 1.15
10 1.81 1.46 1.91 0.0082 0.0059 0.0101 10 1.01 0.74 0.88 1.14
1 1.76 1.38 1.90 0.0060 0.0041 0.0086 11 0.90 0.62 0.76 1.12
12 1.77 1.39 1.90 0.0064 0.0041 0.0090 12 0.92 0.62 0.77 1.13
13 1.77 1.41 1.88 0.0064 0.0038 0.0093 13 0.93 0.65 0.79 1.14
14 1.83 1.48 1.91 0.0083 0.0059 0.0101 14 1.04 0.79 0.92 1.16
15 1.82 1.49 1.90 0.0082 0.0060 0.0099 15 1.03 0.79 0.91 1.14
16 1.76 1.37 1.90 0.0072 0.0051 0.0096 16 0.95 0.67 0.81 1.13
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5. Cost and Cost Effectiveness

5.1 Energy Cost Savings Methodology

Energy cost savings were calculated by applying the Lifecycle Cost Hourly Factors to
the energy savings estimates that were derived using the methodology described in
Section 4.1.3. Lifecycle Cost Hourly Factors are a normalized metric to calculate energy
cost savings that account for the variable cost of electricity and natural gas for each
hour of the year, along with how costs are expected to change over the period of
analysis. In this case, the period of analysis used is 30 years.

The CEC requested energy cost savings over the 30-year period of analysis in both
2026 present value dollars (2026 PV$) and nominal dollars. The cost-effectiveness
analysis uses energy cost values in 2026 PV$. Costs and cost effectiveness using and
2026 PV$ are presented in Section 0 of this report. CEC uses results in nominal dollars
to complete the Economic and Fiscal Impacts Statement (From 399) for the entire
package of proposed change to Title 24, Part 6. Appendix G presents energy cost
savings results in nominal dollars.

The proposed code change would apply to new constructions, additions, and
alterations. The energy cost savings for additions and alterations were evaluated
following the same approach as new constructions, as described above. There is no
distinctive difference in per-unit savings among new construction, additions, and
alterations for the proposed code change since the underlying assumptions are
identical.

5.2 Energy Cost Savings Results

Per-unit energy cost savings for newly constructed buildings, additions, and alterations
that are realized over the 30-year period of analysis are presented 2026 precent value
dollars (2026 PV$) in Table 23.

The Lifecycle Cost Hourly Factors methodology allows peak electricity savings to be
valued more than electricity savings during non-peak periods.

Any time code changes impact cost, there is potential to disproportionately impact DIPs.
Refer to Section 7 for more details addressing energy equity and environmental justice.

The lifecycle cost savings are derived from the per-unit energy savings analysis in
Section 4.1. Since the Statewide CASE Team only completed the per-unit energy
analysis for the spaces common in office buildings that would be impacted, the results
presented herein represents only energy cost savings for those spaces. The energy
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cost savings results for spaces in other building types that would be impacted by the
code change will be completed and included in the final CASE Report.

Table 23: 2026 PV Lifecycle Electricity Cost Savings Over 30-Year Period of
Analysis — Per Watt — New Construction and Alterations

PSDZ Office / SSDZ Office /|  PSDZ + SSDZ Office /

. Conference Room Conference Room Conference Room . A Corr_id_or
Climate Lifecycle Electricity Lifecycle Electricity Lifecycle Electricity i Electrllclty
Zone Cost Savings Cost Savings Cost Savings AT
(PV$IW) (PV$IW) (PVSIW) (PV$IW)

1 $7.06 $5.31 $6.18 $7.86
2 $7.40 $5.63 $6.52 $8.03
3 $7.47 $5.80 $6.63 $8.05
4 $7.53 $5.93 $6.73 $8.04
5 $7.57 $6.01 $6.79 $8.07
6 $7.74 $6.20 $6.97 $8.20
7 $7.04 $5.61 $6.32 $7.46
8 $7.65 $6.06 $6.85 $8.16
9 $7.65 $6.07 $6.86 $8.15
10 $7.67 $6.11 $6.89 $8.13
1 $7.19 $5.55 $6.37 $7.91
12 $7.29 $5.60 $6.44 $7.97
13 $7.28 $5.70 $6.49 $7.88
14 $7.74 $6.24 $6.99 $8.16
15 $7.69 $6.26 $6.98 $8.11
16 $7.43 $5.72 $6.57 $8.10

5.3 Incremental First Cost

The incremental first cost is estimated based on the daylight model used in the per-unit
energy savings analysis. The Statewide CASE Team obtained quotes for the distributor
net price from five manufacturer’s sales representative agencies, each representing
different manufacturers, for the material required to implement automatic daylighting
controls in this daylight model. The quotes included systems with various levels of
sophistication and configuration to cover a wide range of automatic daylighting control
solutions for new constructions, additions, and alterations. These systems included both
wired and wireless systems and include building management systems, room-based
controls, and luminaire-level lighting controls. In total, the usable cost data included 22
photocontrols or systems from 11 manufacturers.
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Table 24 shows the six types of control solutions the Statewide CASE Team considered
for implementing the proposed code change. Cost data of multiple photocontrols or
systems from different manufacturers were included for most of control solution types.
The ease of installation and commissioning as well as maintenance access for these
control solutions are divided into “easy”, “moderate”, and “difficult” categories. For
installation and commissioning, control solutions in the “easy” category need simple
wiring at the luminaire and minimum configuration, typically through a mobile app or
handheld remote controller. Those in the “moderate” category require connecting wires
among sensors, luminaires and the local controller and some programming to associate
luminaires with sensors and controllers. Those in the “difficult” category involve laying
wires and cables connecting to the central building management system with elaborate
programming. For maintenance access, control solutions in the “easy” category need
minimal to no routine setting modifications, and those in the “moderate” category require
use of a ladder to replace batteries.

Table 24: Control Solutions Considered

Photocontrol Ease of Maintenance
Code Control Solution Tvoe Installation and Access
yp Commissioning

R-WL-C Wireless room control Closed loop Easy Moderate
R-WL-O Wireless room control Open loop Easy Moderate
R-WD-C Wired room control Closed loop Difficult Easy
R-WD-O Wired room control Open loop Moderate Moderate
LLLC Luminaire-level control Closed loop Easy Easy
BMS-O Building management system Open loop Difficult Easy

To arrive at the total incremental material cost, state and local sales tax, freight charge,
and supply chain markup were applied to the net distributor price quotes. The Statewide
CASE Team considered the highest, lowest, and average sales tax rate in 2023, which
are 10.75 percent, 7.75 percent and 8.62 percent, respectively. We assumed a freight
charge of $50 for a daylight sensor and $20 for other necessary components, including
keypads, networking devices, etc. A 45 percent markup throughout the supply chain is
assumed for each of the components. The second and third columns in Table 27 shows
the pre-tax incremental material cost and material cost after tax, freight, and markup,
respectively, for each control solution type. The values for each control solution type are
the average costs across all systems that fall within the same control solution type.

At the time of this report, the Statewide CASE Team is still collecting and verifying cost
data to ensure the cost analysis is representative of the full spectrum of control
solutions. Specifically, the Statewide CASE Team is verifying the cost information
collected for control solution code “LLLC” includes only the components for
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implementing the proposed code change and not including other already-required
components, such as the luminaire itself. The material cost estimate will be updated in
the Final CASE Report when the Statewide CASE Team concludes the remaining data
collection and investigation.

The additional efforts required to implement the proposed code change, including
installation and system startup and commissioning, were based on practitioner
estimates and presented in labor hours as shown in Table 25.

Table 25: Estimated Labor Hours for Implementing the Proposed Code Change

Installation hours (hr)
Startup and commissioning hours (hr) 0.5 0.5 1.0

The Statewide CASE Team assumed an electrician’s rate for labor. The 2023 Quarter 1
RSMeans national average electrician rate is $80.00/hr and $100.10 (including
overhead and profit) for non-union and union labors, respectively. The Statewide CASE
Team used the 2023 Quarter 1 RSMeans City Cost Index for California, which ranges
from 107.1 to 197.6 times the national average, as the scaling factors to arrive at the
highest and lowest California labor rates as shown in Table 26. The Statewide CASE
Team included overhead and profit in the cost estimate and decided on a California
average scaling factor of 131.8 percent. Scaling the national average labor rate up
131.8 percent brings the labor rate to $105.44/hr and 131.93/hr for non-union and union
California labors, respectively. The labor hours in Table 25 were then converted into
labor costs using the hourly rate in Table 26.

The labor required for implementing the proposed code change typically does not
involve the full skill set of a licensed electrician and may be largely performed by an
electrician’s apprentice. The Statewide CASE Team is still verifying and actively seeking
input on the appropriateness of using the electrician’s rate as the labor rate. The cost
analysis in the Final CASE Report will be updated accordingly based on the Statewide
CASE Team'’s findings.

Table 26: Estimated California Electrician Labor Rates

- Highest | Lowest __ Average _

Non-unionized ($/hr) $158.08 $85.68 $105.44
Unionized ($/hr) $197.80 $107.21 $131.93

The fourth and fifth columns in Table 27 show the installation and startup and
commissioning labor costs, respectively, for implementing the proposed code change in
the daylight model. The values for each control solution type are the average labor
costs across all systems that fall within the same control solution type.
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The total first cost for implementing the proposed code change in the daylight model is
the summation of the material cost after tax, freight, and markup as well as the
installation, startup, and commissioning labor costs. They are listed in the sixth column
in Table 27 for each control solution type. The incremental cost per square foot for each
control solution type is obtained by dividing the total first cost by the square footage of
the daylight model (288 square feet).

Table 27: Estimated Costs for Implementing the Proposed Code Change

Material Cost

Control Pre-tax : Startup and : Total First
. . after Tax, Installation . Total First
Solution Material : Commissioning Cost per
Freight and Labor Cost Cost
Type Code Cost M Labor Cost Square Foot
arkup
R-WL-C $305.92 $636.50 $59.34 $59.34 $755.19 $2.62
R-WL-O $180.06 $365.76 $59.34 $59.34 $484.45 $1.68
R-WD-C $168.44 $366.79 $237.37 $118.69 $722.85 $2.51
R-WD-O $290.85 $632.09 $118.69 $59.34 $810.12 $2.81
LLLC $326.49 $664.07 $59.34 $59.34 $782.75 $2.72
BMS-O $440.00 $765.51 $237.37 $118.69  $1,121.57 $3.89

The incremental first costs in Table 27 are based on control solutions that controls a
space that has both the PSDZ and SSDZ. For spaces that have only one daylit zone,
such as corridors, the Statewide CASE Team is still collecting cost data to generate the
most accurate estimates, and the results will be included in the Final CASE Report.

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 the periodic maintenance required to keep the
equipment operating relative to current practices over the 30-year period of analysis.
The present value of equipment maintenance costs (or savings) was calculated using a
three percent discount rate (d), which is consistent with the discount rate used when
developing the 2025 Lifecycle Cost Hourly Factors. The present value of maintenance
costs that occurs in the nt" year is calculated as follows:

1 n
Present Value of Maintenance Cost = Maintenance Cost X l T dJ

The energy savings related to the proposed measure are expected to persist throughout
the 30-year measure life. Photocontrols, including sensors and controls if they are
physically separate, used for automatic daylighting controls typically last 30 years or
more and do not require maintenance with the following two exceptions:
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e Luminaire-based photocontrols are assumed to have a 15-year lifetime. Since
luminaires have a 15-year typical lifespan, luminaire-based photocontrols, i.e.,
luminaire-level lighting controls, are assumed to last only 15 years and will need
to be replaced along with the luminaires once during the 30-year measure life.

e For battery-powered wireless photocontrols, the battery would need to be
replaced after 10 years based on manufacturer product specifications. Therefore,
there would be two battery replacements on year 10 and on year 20 during the
30-year measure life.

The incremental maintenance cost is estimated for each control solution type, as shown
in Table 24, based the same daylight model used in estimating per-unit energy savings
using the following methodology:

e Estimate battery and labor costs for the daylight model for each maintenance and
replacement occurrence.

e Calculate the incremental cost for each maintenance and replacement
occurrence.

e Calculate the present value cost as per the equation above.

The Statewide CASE Team’s research so far shows that the cost per battery, when
bought in bulk, to be about $1.50 per battery. The maximum price located was $2.45
per item and the minimum price was $0.90 per item. However, given the diversity of
battery types used in different systems, the Statewide CASE Team is conducting more
thorough investigation to ensure the estimated cost is representative of the full spectrum
of batteries used in the control systems considered. The replacement cost will be
updated in the Final CASE Report when the Statewide CASE Team concludes the
investigation.

Table 28 shows the estimated labor hours for the level of maintenance access
associated with each control solution type in Table 25, and the same electrician’s labor
rates in Table 26 were applied as the maintenance crew labor rates.

Table 28: Estimated Labor Hours for Maintaining the Proposed Code Change

_m

Maintenance staff hours

The Statewide CASE Team calculated the material and labor cost for an occurrence of
maintenance and replacement event for each system. The average cost per
maintenance and replacement occurrence across all systems that fall into the same
control solution type was calculated for each of the six control solution types as shown
in the second column of Table 29. The cost per maintenance and replacement
occurrence per square foot for each control solution type, presented in the third column
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of Table 29, is then obtained by dividing the per-occurrence maintenance and
replacement cost by the square footage of the daylight model (288 square feet). The
above present value of maintenance cost equation was applied to each maintenance
and replacement occurrence over the 30-year measure life to obtain the incremental
maintenance cost in the last two columns of Table 29.

As with assuming an electrician’s rate in the incremental first cost analysis in Section
5.3, maintenance, primarily battery replacement, does not command the full skill set of a
licensed electrician and can be largely performed by an electrician’s apprentice. The
Statewide CASE Team is verifying and actively seeking input on the appropriateness of
estimating maintenance cost using the electrician’s rate as the labor rate. The
maintenance cost analysis in the Final CASE Report will be updated accordingly based
on the Statewide CASE Team’s findings.

Table 29: Per-Unit Incremental Maintenance and Replacement Costs

Maintenance and Per-square-foot 30-year Present| 30-year Present Value

Control Solution Replacement Maintenance and| Value Maintenance Maintenance and
Type Code Cost per| Replacement Cost per| and Replacement| Replacement Cost per
Occurrence Occurrence Cost Square Foot

R-WL-C $128.14 $0.44 $166.29 $0.58
R-WL-O $102.84 $0.36 $133.47 $0.46
R-WD-C $0 $0 $0 $0
R-WD-O $0 $0 $0 $0
LLLC $782.75 $2.72 $502.42 $1.74
BMS-O $64.07 $0.22 $83.15 $0.29

The incremental maintenance and replacement costs in Table 29 are based on control
solutions that controls a space that has both the PSDZ and SSDZ. For spaces that have
only a single daylit zone, such as corridors, the Statewide CASE Team is still collecting
cost data to generate the most accurate estimates, and the results will be included in
the Final CASE Report.

5.5 Cost Effectiveness

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

The CEC establishes the procedures for calculating cost effectiveness. The Statewide
CASE Team collaborated with CEC staff to confirm that the methodology in this report is
consistent with their guidelines, including which costs were included in the analysis. The
incremental first cost and incremental maintenance costs over the 30-year period of
analysis were included. The Lifecycle Energy Cost Savings from electricity and natural
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gas savings were also included in the evaluation. Design costs were not included nor
were the incremental costs of code compliance verification.

The incremental present value cost for each of the six control solution types are derived
using the daylight model are summarized in Table 30. The average present value
incremental cost across all six control solution types is $927.04 in total or $3.22 per
square foot for the daylight model. This present value incremental cost is derived from
the daylight model, and therefore, is most applicable to spaces with both PSDZ and
SSDZ, such as offices and conference rooms. For spaces with only a single sidelit zone
(most typically a PSDZ without a SSDZ like corridors), the Statewide CASE Team is
collecting cost data, and the present value incremental cost will be included in the Final
CASE Report.

The incremental costs are based on the cost analysis in Sections 5.3 and 5.4, and as
noted in those respective sections, the Statewide CASE Team is still collecting and
verifying the cost information. The 30-year present value incremental cost will be
updated in the Final CASE Report when the Statewide CASE Team concludes the
remaining data collection and verification.

Table 30: 30-Year Present Value Incremental Costs for the Daylight Model —
Including Both PSDZ and SSDZ

30-year Present| 30-year Present

Control First Cost Value Value | 30-year Present| 30-year Present
. First Cost Maintenance | Maintenance and Value Value

Solution Total Per Square d Repl I Y Ic
Type Code ota Foot an eplacement ncremental | Incremental Cost
Replacement| Cost Per Square Cost Total | Per Square Foot

Cost Total Foot

R-WL-C $755.19 $2.62 $166.29 $0.58 $921.48 $3.20
R-WL-O $484.45 $1.68 $133.47 $0.46 $617.91 $2.15
R-WD-C $722.85 $2.51 $0 $0 $722.85 $2.51
R-WD-O $810.12 $2.81 $0 $0 $810.12 $2.81
LLLC $782.75 $2.72 $502.42 $1.74 $1,285.17 $4.46
BMS-O $1,121.57 $3.89 $83.15 $0.29 $1,204.71 $4.18
Average $779.49 $2.71 $147.55 $0.51 $927.04 $3.22

According to the CEC’s definitions, a measure is cost effective if the benefit-to-cost
(B/C) ratio is greater than 1.0. The B/C ratio is calculated by dividing the cost benefits
realized over 30 years by the total incremental costs, which includes maintenance costs
for 30 years. The B/C ratio was calculated using 2026 PV costs and cost savings.

Results of the per-unit cost-effectiveness analyses are presented in Table 31 for the
three space types (offices, conference rooms and corridors) that make up 98 percent of
the expected installed wattage that would be newly controlled by automatic daylighting
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controls in PSDZ and SSDZ that contain lighting power between 75 watts and 120
watts. The Statewide CASE Team estimates that adding a two-zone daylight responsive
lighting control to a space with 75 watts of controlled lighting in the primary zone and 75
watts of lighting in the secondary zone costs around $927 on a lifecycle basis. The
basis of these costs is presented in Table 30.

The Statewide CASE Team is still collecting data for estimating the lifecycle incremental
cost of adding a daylighting control to a space that controls only one zone of lighting
with the 75-watt proposed threshold amount of lighting (such as seen in corridors). The
B/C ratios for corridors in Table 30 will be updated in the Final CASE Report when the
lifecycle incremental cost for single-zone daylighting control is determined.

Table 31: 30-Year Cost-Effectiveness Summary Daylighting Controls Most
Common Configurations — New Construction, Additions and Alterations

PSDZ + SSDZ Office / Office / Conference PSDZ Corridor

Climate Conferen<_:e_ Room Lifecycle Room Benefit/Cost| Lifecycle EIectr?city BenefitICo(:t)ngt(i);
Zone Electricity Cost Savings Ratio for $927 Total Cost Savings

(PV$/150 W) Incr. Cost (BIC) (PV$/75 W) (BIC)

1 $928 1.00 $590 TBD
2 $977 1.05 $603 TBD
3 $995 1.07 $604 TBD
4 $1,009 1.09 $603 TBD
5 $1,018 1.10 $605 TBD
6 $1,046 1.13 $615 TBD
7 $949 1.02 $560 TBD
8 $1,028 1.11 $612 TBD
9 $1,029 1.11 $611 TBD
10 $1,033 1.11 $610 TBD
1 $955 1.03 $593 TBD
12 $966 1.04 $598 TBD
13 $973 1.05 $591 TBD
14 $1,048 1.13 $612 TBD
15 $1,047 1.13 $608 TBD
16 $986 1.06 $608 TBD

2025 Title 24, Part 6 Draft CASE Report — Daylighting | 52



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 and additions by multiplying the per-unit savings, which are presented in
Section 4.1, by assumptions about the percentage of newly constructed buildings that
would be impacted by the proposed code. The statewide new construction forecast for
2026 is presented in Appendix A, as are the Statewide CASE Team'’s assumptions
about the percentage of new construction that would be impacted by the proposal (by
climate zone and building type).

For alterations, the Statewide CASE Team assumed that the existing building stock
would be impacted by the proposed code change over the span of 15 years. In other
words, one-fifteenth of the existing building stock would be impacted in the first year and
each year thereafter. The statewide savings from alterations are thus determined by
multiplying the per-unit savings by the estimated existing building stock in Appendix A
and by the assumptions about the percentage of spaces within each building types that
would be impacted by the proposed code change.

The first-year energy impacts represent the first-year annual savings from all buildings
that were completed in 2026. The 30-year energy cost savings represent the energy
cost savings over the entire 30-year analysis period. The statewide savings estimates
do not take naturally occurring market adoption or compliance rates into account.

The tables below presents the first-year statewide energy and energy cost savings from
newly constructed buildings and additions (Table 32) and alterations (Table 33) by
climate zone. Table 34 presents first-year statewide savings from new construction,
additions, and alterations.

While a statewide analysis is crucial to understanding broader effects of code change
proposals, there is potential to disproportionately impact DIPs that needs to be
considered. Refer to Section 7 for more details addressing energy equity and
environmental justice.
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Table 32: First-Year Statewide Energy and Energy Cost Table 33: First-Year Statewide Energy and Energy Cost
Impacts — New Construction and Additions Impacts — Alterations

30-Yr

Statewide | Statewide Peak| Source

Source

.. . Present i i . . -
it pgahc pgatr “onery oo 0100l [ cit Ao Alrtons G Sl £ | v Erry
(Inggtfttag Impa(ckt‘(,a\g (GWhlyr) Redu;:l\tni‘cl)vr; (Mliléifn ggvings (1’0900 ) (FI)(W) (6Whiyr) | Reduction | (Million | 0.2 Pvg)
’ Y| (Million PVS)

1 18 11 002  0.000 0.01 $0.07 1 78 47 007 0.00 0.04 $0.30
2 133 80  0.13  0.000 0.7 $0.54 2 503 305 050 0.002 0.26 $2.04
3 750 470, 077  0.003  0.41 $3.17 3 2599 1,609 264 0010 1.41 $10.90
4 376 234 039 0001 0.21 $1.60 4 1,367 849 141 0.005 0.76 $5.82
5 62 38 006 0000 0.04 $0.26 5 233 141 024 0001 0.13 $0.98
6 428 261 044 0002 024 $1.86 6 1,754 1,071  1.80 0.008 1.00 $7.63
7 322 199 033 0001  0.19 $1.28 7 1,389 854 142  0.006 0.80 $5.51
8 625 382 063 0003 0.35 $2.68 8 2,537 1553 258 0.011  1.40 $10.89
9 1,129 680  1.14  0.005 0.62 $4.79 9 4193 2,570 427 0.019 2.32 $18.02
10 440 268 045 0002 024 $1.89 10 2257 1,359 227 0010 1.24 $9.60
11 108 69 011 0.000 0.5 $0.44 11 423 258 041 0001 0.21 $1.69
12 644 398 064 0002 0.32 $2.62 12 2,505 1,531 248 0009 1.24 $10.13
13 212 129 021 0001 0.1 $0.86 13 890 540 0.88 0.003 045 $3.60
14 112 67 011 0001  0.06 $0.48 14 535 321 054 0.002 0.31 $2.30
15 70 43 007 0000 0.04 $0.30 15 298 180 030 0.001 0.7 $1.28
16 37 22 004 0000 0.2 $0.15 16 160 97 016  0.001 0.08 $0.65
Total 5465 3,352 554  0.023 297 $23.01 Total 21,720 13,283 21.98  0.091 11.81 $91.34
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Table 34: Statewide Energy and Energy Cost Impacts — New Construction,
Additions, and Alterations

First-Year Peak

First-Year Electrical First-Year 30-Year Present
Construction T Electricity D d Source Energy | Valued Energy

onstruction Type Savings Rezr::trilon Savings Cost Savings

(GWhlyr) (Million kBtu) = (Million PV$)

(MW)
New Construction &

Additions 5.54 0.023 2.97 $23.01
Alterations 21.98 0.091 11.81 $91.34
Total 27.52 0.113 14.79 $114.35

6.2 Statewide Greenhouse Gas (GHG) Emissions Reductions

The Statewide CASE Team calculated avoided GHG emissions associated with energy
consumption using the hourly GHG emissions factors that CEC developed along with
the 2025 Lifecycle Cost Hourly Factors and an assumed cost of $123.14 per metric tons
of carbon dioxide equivalent emissions (metric tons COZ2e).

The 2025 Lifecycle Cost Hourly 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).’® The Cost-Effectiveness Analysis presented in Section 5 of this
report does not include the cost savings from avoided GHG emissions. To demonstrate
the cost savings of avoided GHG emissions, the Statewide CASE Team disaggregated
the value of avoided GHG emissions from the other economic impacts. The authors
used the same monetary values that are used in the Lifecycle Cost Hourly Factors.

Table 35 presents the estimated first-year avoided GHG emissions of the proposed
code change. During the first year, GHG emissions of 782 (metric tons CO2e) would be
avoided. It is worth noting that the average GHG reductions are approximately 20 Tons
per GWH as compared to the average of 90 tons per GWH if the reductions occurred
evenly over all hours of the year. This indicates that the daylighting savings occurs
during the day when a greater fraction of electricity production is provided by renewable
energy systems with lower GHG emission rates.

13 The permit cost of carbon is equivalent to the market value of a unit of GHG emissions in the California
Cap-and-Trade program, while social cost of carbon is an estimate of the total economic value of damage
done per unit of GHG emissions. Social costs tend to be greater than permit costs. See more on the Cap-
and-Trade Program on the California Air Resources Board website: https://ww2.arb.ca.gov/our-
work/programs/cap-and-trade-program.
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Table 35: First-Year Statewide GHG Emissions Impacts

Statewide | Statewide . Monetary
Area with Lighting AISEET FEEIEEE Value of
Statewide GHG
. Added Wattage . . s b Reduced
Construction Type . Electricity| Emissions
Daylight Newly . A . GHG
Savings 2| (Metric Tons .
Controls| Controlled (GWhiyr) CO2e) Emissions
(1,000 t?) (kW) y ($)
New Construction &
Additions 5,465 3,352 5.5 157 $19,364
Alterations 21,720 13,283 22.0 625 $76,966
Total 27,186 16,635 27.5 782 $96,331

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

b. GHG emissions factors are included in the Lifecycle Cost Hourly Factors published by CEC at
https://www.energy.ca.gov/files/2025-energy-code-hourly-factors

6.3 Statewide Water Use Impacts

The proposed code change would not result in water savings.

6.4 Statewide Material Impacts

The proposed code change does not switch existing equipment or products for new
ones, as all of the required equipment already exists and is in use in the industry.
However, the proposed mandatory code change would likely increase the usage of
photosensors, control technology, and potentially cables and low voltage wires,
depending upon implementation.

The Statewide CASE Team plans to estimate material impacts using the following
methodology:

e Estimate the material composition of each cost component.

e Estimate the net change (from base case to proposed case) in units of cost
component per square foot.

e Estimate the change in each material for the proposed code change per-unit (per
ft2).

e Apply the per-unit changes to new construction and alterations to develop
statewide impact.

At the time of this reporting, the Statewide CASE Team is still in the process of
collecting data required to perform the statewide material impact analysis. The
completed statewide material impacts will be presented in the Final CASE Report.
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6.5 Other Non-Energy Impacts

There could be potential negative non-energy impacts such as leaving more occupants
confused about the behavior of general lighting. During the middle of the day a person
might walk into their office or conference room and turn on the lights only to find they
are fully dimmed by the windows, and they might think the lighting system is broken as
the lights are providing only partial light output. While automatic daylighting controls
have been a mandatory requirement for many code cycles and a practice familiar to
most market actors, it is still relatively new and unfamiliar to some end users, i.e.,
building occupants. The occupants would slowly acclimate to the control strategy and
the associated system behavior given time, constant exposure, and continued
education.

Daylighting controls also have positive non-energy impacts. Daylight responsive
controls reduce the amount of illuminance variability between the areas near windows
and areas further away from windows. This reduced illuminance contrast can reduce
discomfort glare in the space.
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7. Addressing Energy Equity and
Environmental Justice

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

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

Based on a preliminary review, this proposal is unlikely to have significant negative or
positive impacts on DIPs. The Statewide CASE Team expects there to be impacts on
cost as a result of the proposed code change. However, the costs are expected to be
relatively modest and outweighed by the benefits. Specifically, energy costs would
decrease which would results in lower utility bills for DIPs.

The Statewide CASE Team does not expect any impact to the health and safety of DIPs
or to their disaster preparedness. The comfort of DIPs is unlikely to be impacted by the
proposed code changes.

14 Environmental disparities have been shown to be associated with unequal harmful environmental
exposure correlated with race/ethnicity, gender, and socioeconomic status. For example, chronic
diseases, such as respiratory diseases, cardiovascular disease, and cancer, associated with
environmental exposure have been shown to occur in higher rates in the LGBTQ+ population than in the
cisgender, heterosexual population (Goldsmith and Bell 2021). Socioeconomic inequities, climate,
energy, and other inequities are inextricably linked and often mutually reinforcing.
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8. Proposed Revisions to Code Language

8.1 Guide to Markup Language

The proposed changes to the standards, Reference Appendices, and the ACM
Reference Manuals are provided below. Changes to the 2022 documents are marked
with red underlining (new language) and strikethroughs (deletions).

8.2 Standards

SECTION 130.1 - MANDATORY INDOOR LIGHTING CONTROLS

any enclosed space where the total installed wattage of general lighting luminaires

completely or partially within skylit daylit zones is 75 W or greater, general lighting in the
skylit daylit zone shall be controlled by automatic daylighting controls. For skylights
located in an atrium, the skylit daylit zone definition shall apply to the floor area directly
under the atrium and the top floor area directly adjacent to the atrium.

In any enclosed space where the total installed wattage of general lighting luminaires
completely or partially within primary sidelit daylit zones is 75 W or greater, the general
lighting in the primary sidelit daylit zones shall be controlled by automatic daylighting
controls.

In any enclosed space where total installed wattage of general lighting luminaires
completely or partially within the primary sidelit daylit zones and secondary sidelit daylit
zones is 150 W or greater, and the total wattage of general lighting luminaires in the
secondary zone is 75 watts or greater, the general lighting in the secondary sidelit daylit
zones shall be controlled by automatic daylighting controls. General lighting in the
secondary sidelit daylit zones shall be controlled independently of the general lighting in
the primary sidelit daylit zones.

Parking garage areas where the total installed wattage of the general lighting in the
primary and the secondary sidelit daylit zones is 60 watts or greater, the general lighting
in the combined primary and secondary sidelit daylit zones shall be controlled by
automatic daylighting controls.
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General lighting luminaires longer than 4 feet shall be evaluated in segments of 4 feet or
less for allocating luminaire power to the different daylit zones.

The general lighting in skylit daylit zones, primary sidelit daylit zones and secondary
sidelit daylit zones, as well as the general lighting in the combined primary and
secondary sidelit daylit zones in parking garages, shall be provided with controls that
automatically adjust the power of the installed lighting in response to daylight availability
in accordance with the following requirements.

1. All skylit daylit zones, primary sidelit daylit zones, secondary sidelit daylit
zones, and the combined primary and secondary sidelit daylit zones in parking
garages shall be shown on the plans.

NOTE: Parking areas on the roof of a parking structure are outdoor hardscape,
not skylit daylit areas.

2. The automatic daylighting controls shall provide separate control for general
lighting in each type of daylit zone. General lighting in overlapping skylit daylit
zone and sidelit daylit zone shall be controlled as part of the skylit daylit zone.
General lighting in overlapping primary and secondary sidelit daylit zones shall
be controlled as part of the prlmary sidelit dayllt zone. Linear LED luminaires-and

separatel%een#eued—basedren General Ilqhtlnq Iumlnalres Ionqer than 4 feet

shall be controlled as segments of 4 feet or less and segments shall be
controlled according to the type of the daylit zone in which the segment is
primarily located.

3. The automatic daylighting controls shall:

A. For spaces required to install multilevel controls under Section
130.1(b), adjust lighting via continuous dimming or the number of control
steps provided by the multilevel controls;

B. For each space, ensure the combined illuminance from the controlled
lighting and daylight is not less than the illuminance from controlled
lighting when no daylight is available;

C. For areas other than parking garages, ensure that, when the daylight
illuminance is greater than 150 percent of the illuminance provided by the
controlled lighting when no daylight is available, the controlled lighting
power in that daylight zone shall be reduced by a minimum of 90 percent;
and

D. For parking garages, ensure that when daylight illuminance levels
measured at the farthest edge of the secondary sidelit zone away from the
glazing or opening are greater than 150 percent of the illuminance
provided by the controlled lighting when no daylight is available, the
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controlled lighting power in the combined primary and secondary sidelit
daylit zones shall be reduced by 100 percent.

4. Photosensors shall be located so that they are not readily accessible to
unauthorized personnel.

5. The location where calibration adjustments are made to the automatic
daylighting controls shall be readily accessible to authorized personnel but may
be inside a locked case or under a cover which requires a tool for access.

6. Interactions with other lighting controls.

A. Where area controls are required, area controls shall be capable of
turning off or decreasing light levels to below the light levels set by the
daylighting controls.

b. Area controls shall be allowed to temporarily increase electric lighting
light levels above the required levels in Section 130.1(d)3 if the controls
are configured to reset electric lighting controls back to the Section
130.1(d)3 defaults after lights have been turned off or reduced by a
manual control, occupancy sensor or timeclock.

Exception 1 to Section 130.1(d): Areas under skylights where it is documented that
existing adjacent structures or natural objects block direct sunlight for more than 1,500
daytime hours per year between 8 a.m. and 4 p.m.

Exception 2 to Section 130.1(d): Areas adjacent to vertical glazing below an
overhang, where the overhang covers the entire width of the vertical glazing, no vertical
glazing is above the overhang, and the ratio of the overhang projection to the overhang
rise is greater than 1.5 for South, East and West orientations or greater than 1 for North
orientations.

Exception 3 5to Section 130.1(d): Rooms that have a total glazing area of less than
24 square feet, or parking garage areas with a combined total of less than 36 square
feet of glazing or opening.

Exception 4 6 to Section 130.1(d): For parking garages, luminaires located in the
daylight adaptation zone.
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EXCEPTION 5 7 to Section 130.1(d): Luminaires in sidelit daylit zones in retail
merchandise sales and wholesale showroom areas.

SECTION 160.5 - MANDATORY INDOOR REQUIREMENTS FOR INDOOR AND
OUTDOOR SPACES

(b) Common Services Area Lighting. Lighting systems and equipment in multifamily
common services areas shall comply with applicable provisions of Sections 160.5(b)1
through 160.5(b)4.

4. Mandatory Indoor Lighting Controls. Multifamily common use areas shall comply
with the applicable requirements of Sections 160.5(b)4A through 160.5(b)4F, in addition
to the applicable requirements of Sections 110.9.

daylightchanges: In any enclosed space where the total installed wattage of general
lighting luminaires completely or partially within skylit zones is 75 W or greater, general
lighting in the skylit zone shall be controlled by automatic daylighting controls. For

skylights located in an atrium, the skylit daylit zones shall apply to the floor area directly

under the atrium and the top floor area directly adjacent to the atrium.

AN N

In any enclosed space where the total installed wattage of general lighting luminaires
completely or partially within primary sidelit daylit zones is 75 W or greater, the general
lighting in the primary sidelit daylit zones shall be controlled by automatic daylighting
controls.

In any enclosed space where total installed wattage of general lighting luminaires
completely or partially within the primary sidelit daylit zones and secondary sidelit daylit
zones is 150 W or greater, and the total wattage of general lighting luminaires in the
secondary zone is 75 Watts or greater, the general lighting in the secondary sidelit daylit
zones shall be controlled by automatic daylighting controls. General lighting in the
secondary sidelit daylit zones shall be controlled independently of the general lighting in
the primary sidelit daylit zones.
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Parking garage areas where the total installed wattage of the general lighting in the
primary and the secondary sidelit daylit zones is 60 watts or greater, the general lighting
in the combined primary and secondary sidelit daylit zones shall be controlled by
automatic daylighting controls.

General lighting luminaires longer than 4 feet shall be evaluated in segments of 4 feet or
less for allocating luminaire power to the different daylit zones.

The general lighting in skylit daylit zones, primary sidelit daylit zones and secondary
sidelit daylit zones, as well as the general lighting in the combined primary and
secondary sidelit daylit zones in parking garages, shall be provided with controls that
automatically adjust the power of the installed lighting in response to daylight availability
in accordance with the following requirements.

i. All skylit daylit zones, primary sidelit daylit zones, secondary sidelit daylit zones
and the combined primary and secondary sidelit daylit zones in parking garages
shall be shown on the plans.

Note: Parking areas on the roof of a parking structure are outdoor hardscape,
not skylit daylit areas.

il. The automatic daylighting controls shall provide separate control for general
lighting in each type of daylit zone. General lighting in overlapping skylit daylit
zone and sidelit daylit zone shall be controlled as part of the skylit daylit zone.
General lighting in overlapping primary and secondary sidelit daylit zone shall be
controlled as part of the pnmary S|deI|t dayllt zone. Eme&r—l;EDJanmnawes&nd

sepapatel%eemrened—basedren General Ilqhtlnq Iumlnalres Ionqer than 4 feet

shall be controlled as segments of 4 feet or less and segments shall be
controlled according to the type of the daylit zone the segment is primarily
located.
iii. The automatic daylighting controls shall:
a. For spaces required to install multilevel controls under Section
160.5(b)4B, adjust lighting via continuous dimming or the number of
control steps provided by the multilevel controls;
b. For each space, ensure the combined illuminance from the controlled
lighting and daylight is not less than the illuminance from controlled
lighting when no daylight is available;
c. For areas other than parking garages, ensure that when the daylight
illuminance is greater than 150 percent of the illuminance provided by the
controlled lighting system when no daylight is available, the controlled
lighting power in that daylight zone shall be reduced by a minimum of 90
percent; and
d. For parking garages, ensure that when daylight illuminance levels
measured at the farthest edge of the secondary sidelit zone away from the
glazing or opening are greater than 150 percent of the illuminance
provided by the controlled lighting when no daylight is available, the
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controlled lighting power in the combined primary and secondary sidelit
daylight zones shall be reduced by 100 percent.
iv. Photosensor shall be located so that they are not readily accessible to
unauthorized personnel.
v. The location where calibration adjustments are made to the automatic
daylighting controls shall be readily accessible to authorized personnel but may
be inside a locked case or under a cover that requires a tool for access.
vi. Interactions with other lighting controls.

a. Where area controls are required, area controls shall be capable of
turning off or decreasing light levels to below the light levels set by the
daylighting controls.

b. Area controls shall be allowed to temporarily increase electric lighting
light levels above the required levels in 160.5(b)4Diii if the controls are
configured to reset electric lighting controls back to the 160.5(b)4Diii
defaults after lights have been turned off or reduced by a manual control,
occupancy sensor or timeclock.

Exception 1 to Section 160.5(b)4D: Areas under skylights where it is documented that
existing adjacent structures or natural objects block direct sunlight for more than 1,500
daytime hours per year between 8 a.m. and 4 p.m.

Exception 2 to Section 160.5(b)4D: Areas adjacent to vertical glazing below an
overhang, where the overhang covers the entire width of the vertical glazing, no vertical
glazing is above the overhang, and the ratio of the overhang projection to the overhang
rise is greater than 1.5 for south, east and west orientations or greater than 1 for north
orientations.

Exception 3 5 to Section 160.5(b)4D: Rooms that have a total glazing area of less
than 24 square feet, or parking garage areas with a combined total of less than 36
square feet of glazing or opening.

Exception 4 6 to Section 160.5(b)4D: For parking garages, luminaires located in the
daylight adaptation zone and luminaires for only dedicated ramps. Daylight adaptation
zone and dedicated ramps are defined in Section 100.1.

Exception 5 7 to Section 160.5(b)4D: Luminaires in sidelit daylit zones in retail
merchandise sales and wholesale showroom areas.
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8.3 Reference Appendices
There are no proposed changes to the Reference Appendices.

8.4 ACM Reference Manual
5.4.5 Daylighting Control

This group of building descriptors is applicable for spaces that have daylighting controls
or daylighting control requirements.

DAYLIGHT CONTROL REQUIREMENTS

Applicability: All spaces with exterior fenestration.

Definition: The extent of daylighting controls in skylit and sidelit areas of the space.
Units: List.

Input Restrictions: When the installed general lighting power in the primary sidelit daylit
zone is exceeds 12075W or greater, daylighting controls are required, per the Title 24
mandatory requirements.

Standard Design: For nonresidential spaces, when the installed general lighting power
in the skylit; or primary sidelit,-orsecendary-sidelit daylit zone is exceeds 12075W or
greater, or the installed general lighting power in the combined primary and secondary
sidelit daylit zone is 150W or greater, daylighting controls are required, per the Title 24
mandatory requirements. Controls are not required if total glazing area is less than 24
ft? or for luminaires in sidelit daylit zones in retail merchandise sales and wholesale
showroom areas.

For parking garages, when the installed general lighting power in the primary sidelit and
secondary sidelit daylit zone exceeds 60W, daylighting controls are required, per the
Title 24 mandatory requirements. Luminaires located in daylit transition zones or
dedicated ramps are exempt from this requirement. Controls are not required if total
glazing and openings are less than 36 ft2.

8.5 Compliance Documents

There are no proposed changes to the compliance documents.
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Appendix A: Statewide Savings Methodology

The Statewide CASE Team estimated statewide impacts for the first year by multiplying
per-unit savings estimates by statewide construction forecasts that the CEC provided
(California Energy Commission 2022). The CEC provided the construction estimates on
March 27, 2023 at the Staff Workshop on Triennial California Energy Code Measure
Proposal Template.

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 (2026). The nonresidential new construction forecast is presented in Table 36
and nonresidential existing statewide building stock is presented in Table 37. The
projected nonresidential new construction that will be impacted by the proposed code
change in 2026 is presented in Table 36. The projected nonresidential existing
statewide building stock that will be impacted by the proposed code change as a result
of alterations in 2026 is presented in Table 37. This section describes how the
Statewide CASE Team developed these estimates.

The CEC Building Standards Office provided the nonresidential construction forecast,
which is available for public review on the CEC’s website:
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-
standards/2025-building-energy-efficiency .

The construction forecast presents the total floorspace of newly constructed buildings in
2026 by building type and climate zone. The building types included in the CECs’
forecast are summarized in Table 36.

The Statewide CASE Team made assumptions about the percentage of newly
constructed floorspace that would be impacted by the proposed code change. Table 40
presents the assumed percentage of floorspace that would be impacted by the
proposed code change by building type. If a proposed code change does not apply to a
specific building type, it is assumed that zero percent of 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 some but not all buildings would be impacted by the
proposal. Table 41 resents percentage of floorspace assumed to be impacted by the
proposed change by climate zone. These assumptions were derived from the estimated
composition of common space types that are likely to be impacted by the proposed
code change based on the design experiences. And these space types include offices,
conference rooms, study spaces, corridors, lobbies, exercise rooms, small dining areas,
transaction spaces, and retail areas.
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Table 36: Estimated New Nonresidential Construction in 2026 (Million Square Feet) by Climate Zone (CZ2)

Building Type
Large Office
Medium Office
Small Office
Large Retail
Medium Retail
Strip Mall
Mixed-use Retail
Large School
Small School

Non-refrigerated
Warehouse

Hotel

Assembly

Hospital

Laboratory

Restaurant

Enclosed Parking Garage
Open Parking Garage
Grocery

Refrigerated Warehouse

Controlled-environment
Horticulture

Vehicle Service
Manufacturing
Unassigned
TOTAL

Ccz1
0.00
0.13
0.01
0.00
0.08
0.00
0.00
0.01
0.07
0.06

0.04
0.01
0.03
0.00
0.01
0.00
0.00
0.01
0.00
0.09

0.00
0.01
0.00
0.56

CZ2
0.00
0.48
0.44
0.00
0.35
0.15
0.00
0.13
0.27
0.37

0.22
0.39
0.17
0.05
0.08
0.01
0.12
0.05
0.00
0.08

0.08
0.13
0.00
3.66

Cz3
3.23
1.37
0.19
1.10
0.79
0.50
0.00
0.88
0.46
2.16

1.03
1.58
0.84
0.63
0.33
1.83
247
0.10
0.06
0.32

0.55
0.40
0.00
28.82

Cz4
1.58
0.74
0.02
0.55
0.45
0.23
0.00
0.44
0.23
1.12

0.53
0.56
0.44
0.36
0.17
1.25
1.68
0.06
0.05
0.04

0.36
0.19
0.42
14.66

Cz5
0.00
0.37
0.06
0.15
0.09
0.01
0.00
0.04
0.14
0.18

0.11
0.06
0.08
0.02
0.03
0.00
0.06
0.01
0.01
0.20

0.03
0.06
0.00
1.75

CZ6
1.42
1.20
0.15
0.70
0.60
0.56
0.00
0.59
0.32
1.36

0.55
0.79
0.33
0.07
0.34
2.59
3.65
0.05
0.02
0.26

0.55
0.13
0.00
19.08

cz7
0.83
0.80
0.23
0.37
0.29
0.49
0.00
0.61
0.29
0.71

0.48
0.80
0.55
0.05
0.20
0.71
1.20
0.02
0.00
0.00

0.34
0.09
0.00
11.17

Czs8
2.29
1.65
0.16
0.83
0.86
0.99
0.00
0.91
0.35
1.95

0.78
1.43
0.44
0.10
0.49
2.27
3.20
0.05
0.01
0.02

0.80
0.11
0.00
25.51

Ccz9
4.15
3.18
0.36
1.66
1.42
1.07
0.00
1.42
0.66
3.01

1.18
1.82
0.79
0.12
0.82
1.53
2.16
0.09
0.01
0.03

1.81
0.10
0.00
35.02

CZ10
0.39
1.17
0.42
0.63
0.82
1.35
0.00
0.85
0.35
1.36

0.57
1.14
0.81
0.06
0.41
0.05
0.65
0.05
0.04
0.28

0.57
0.11
0.00
13.22

CZ 11
0.11
0.27
0.09
0.30
0.14
0.07
0.00
0.35
0.10
0.63

0.15
0.17
0.15
0.01
0.07
0.00
0.02
0.01
0.00
0.30

0.02
0.06
0.00
3.12

Cz12
0.57
2.80
0.54
1.30
0.63
0.59
0.00
1.15
0.78
2.84

0.80
1.41
0.83
0.05
0.31
0.04
0.53
0.04
0.07
0.31

0.39
0.16
0.00
17.97

CZ13
0.00
0.59
0.39
0.36
0.38
0.33
0.00
0.61
0.30
0.82

0.26
0.30
0.27
0.01
0.14
0.00
0.04
0.02
0.12
0.09

0.25
0.02
0.00
5.38

CzZ14
0.20
0.35
0.04
0.14
0.18
0.32
0.00
0.17
0.11
0.36

0.14
0.25
0.14
0.01
0.10
0.02
0.20
0.01
0.01
0.01

0.20
0.02
0.00
342

CZ 15
0.01
0.26
0.11
0.18
0.12
0.10
0.00
0.09
0.04
0.37

0.12
0.12
0.12
0.01
0.05
0.00
0.05
0.01
0.01
0.05

0.06
0.02
0.00
1.92

CZ 16| All CZs
0.05 14.84
0.10 15.47
0.03 3.24
0.06 8.34
0.08 7.29
0.06 6.81
0.00 0.00
0.07 8.31
0.04 4.50
0.14 17.44
0.04 7.02
0.08 10.92
0.05 6.03
0.00 1.57
0.03 3.59
0.01 10.29
0.09 16.12
0.01 0.58
0.01 041
0.000 2.08
0.05 6.05
0.01 1.62
0.00 042
1.24 186.48
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Table 37: Estimated Existing Floorspace in 2026 (Million Square Feet)

Building Type Cz1] Cz2 CzZ3 Cz4 Cz5 Cze6| Cz7 Cz8 Cz9 Cz10
Large Office 0.13 3.10/ 139.80) 72.35 183 9954 7271 162.60| 303.10, 58.48
Medium Office 3.38/ 3099 78.79| 4228 1332 4781 4387 5911 86.34| 66.69
Small Office 418 1275 2219 1133 750 13.22 852 1328 20.88 2443
Large Retail 1.00 8.67 5868 26.90 420 31.96| 2534 4346| 6653 53.31
Medium Retail 118 1311 4452 25.74 543 4427 3466/ 66.72| 10820  66.89
Strip Mall 3.34 984 3742 1843 510 4023 2829 5576/ 8370 66.92
Mixed-use Retail 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Large School 0.76 8.02| 3483 13.95 207 2837 2254 4291 7358  56.01
Small School 223 1113 2557 9.98 6.060 25.69 1496 3444 5431 33.03
Non-refrigerated 3.33] 20.22| 108.30/ 53.43 9.80/ 89.98/ 5148 12840 207.30/ 182.70
Warehouse

Hotel 177, 1052 4810 24.73 501 3049 3266/ 41.97 66.01] 37.09
Assembly 433 1818 91.34| 45.06 6.59 57.25| 40.90 89.14| 12020/ 91.75
Hospital 187 11.09, 4833 24,67 506 2825 2715 40.77 69.88  39.60
Laboratory 0.18 401 36.93] 28.06 153 1221, 1719 1561 19.31  10.81
Restaurant 0.61 3.62 1472 749 155 1646  10.73) 23.78 40.00 3241
Enclosed Parking 0.02 054/ 40.71| 30.94 030/ 2915/ 20.67| 5841 7253 2.67
Garage

Open Parking Garage 0.22 7.02/ 5503 4182 3.86] 4114/ 3517 8244 10240 34.57
Grocery 0.10 1.70 5.87 3.56 0.75 3.42 2.08 4.01 6.95 4.02

Refrigerated Warehouse 0.000 046  0.91 0.21 039 046 002 042 079 065

Controlled-environment 0.70 0.46 2.62 1.07 6.33 8.26 1.07 0.74 1.60 3.61
Horticulture

Vehicle Service 0.91 6.18| 33.65 15.98 297 3373 2308 4952 8178 56.54
Manufacturing 411 16.89) 6193 79.55 559 7333 3327 12270, 168.10  49.58
Unassigned 0.36 6.58 9.03 6.32 0.22 2.58 0.77 3.78 7.87 2.55
Totals 34.81 208.20 1,150.33 636.63| 96.14 807.14| 605.37 1,240.74/1,905.90 1,004.13

CZ 11
2.61
16.94
10.60
11.40
10.37
12.25
0.00
10.13
13.50
33.73

1.22
16.35
11.11

0.68

3.52

0.35

4.46
0.65
0.26
251

6.30
12.86
3.37

CzZ12
78.61
101.70
43.94
58.16
60.50
48.37
0.00
53.38
42.08
148.30

40.53
69.72
53.18
12.14
16.95

3.09

39.96
3.74
2.15
453

38.32
57.01
14.35

193.301,020.38

CZ13
9.26
2518
2147
22.51
24.15
24.18
0.00
26.41
23.44
51.08

13.08
30.13
22.49
4.40
1.74
0.49

6.31
1.45
3.91
5.36

18.24
25.97
2.94
371.73

CZ14
20.27
13.33

4.99
10.91
15.53
15.27

0.00
12.06

8.72
38.87

8.01
18.95
8.80
1.72
6.86
0.85

11.05
0.93
0.18
0.47

15.09
16.98
0.77
239.24

CZ 15
4.43
10.25
6.18
9.40
8.77
8.70
0.00
7.62
4.25
29.05

5.88
11.83
5.03
0.39
3.45
0.17

2.16
0.54
0.19
0.64

6.18
5.15
0.40
131.84

CZ 16
4.66
4.06
2.68
3.21
5.17
4.59
0.00
3.59
3.65

11.63

244
6.44
3.23
0.57
1.90
0.43

5.62
0.38
0.14
0.23

3.54
9.27
1.03
82.99

All CZs
1033.49
644.04
228.13
435.64
535.21
462.38
0.00
396.23
313.04
1167.60

375.50
718.16
400.51
165.74
191.78
261.32

473.23
40.15
11.15
40.21

392.01
742.28
62.89
9,728.90
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Table 38: Estimated New Nonresidential Construction Impacted by Proposed Code Change in 2026, by Climate Zone and
Building Type (Million Square Feet)

Note that at this time there are savings for only the large office prototype. The Final CASE Report will have impacted area

across all affected building types in new construction and alterations.

Building Type

Large Office

Medium Office

Small Office

Large Retail

Medium Retail

Strip Mall

Mixed-use Retail

Large School

Small School
Non-refrigerated Warehouse
Hotel

Assembly

Hospital

Laboratory

Restaurant

Enclosed Parking Garage
Open Parking Garage
Grocery

Refrigerated Warehouse

Controlled-environment
Horticulture

Vehicle Service
Manufacturing
Unassigned
TOTAL

Ccz1

0

Cz2

0

Cz3

3.23

CZ4

1.58

Cz5

0

CZ6

1.42

cz7

0.83

Czs8

2.29

Cz9 CZ10 CZ11

4.15

0.39

0.11

CzZ12 CZ13| CZ14 CZ15 CZ16 All CZs

0.57 0 0.2/ 0.01 0.05 14.8
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Table 39: Estimated Existing Nonresidential Floorspace Impacted by Proposed Code Change in 2026 (Alterations), by Climate

Zone and Building Type (Million Square Feet)

Building Type

Cz1

Cz2

Cz3

Cz4

CZ5

CzZ6

cz7

Czs8

Ccz9

CZ10

Cz 11

Cz12 Cz13

CzZ 14

CZ 15

CZ 16

All CZs

Large Office

0.13

3.1

139.8

72.35

1.83

99.54

72.71

162.6

303.1

58.48

2.61

78.61, 9.26

20.27

4.43

4.66

1033.5

Medium Office

Small Office

Large Retail

Medium Retail

Strip Mall

Mixed-use Retail

Large School

Small School

Non-refrigerated Warehouse

Hotel

Assembly

Hospital

Laboratory

Restaurant

Enclosed Parking Garage

Open Parking Garage

Grocery

Refrigerated Warehouse

Controlled-environment
Horticulture

Vehicle Service

Manufacturing

Unassigned

TOTAL
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Table 40: Percentage of Nonresidential Floorspace Impacted by Proposed Code
Change in 2026, by Building Type

New Construction  Existing Building Stock
Impacted (Alterations) Impacted

SIETTE] e (Percent Square (Percent Square

Footage) Footage)
Large Office 7.00% 0.47%
Medium Office 7.00% 0.47%
Small Office 7.00% 0.47%
Large Retail 5.00% 0.33%
Medium Retail 2.00% 0.13%
Strip Mall 0.00% 0.00%
Mixed-use Retail 1.00% 0.07%
Large School 7.00% 0.33%
Small School 2.00% 0.20%
Non-refrigerated Warehouse 1.00% 0.07%
Hotel <1% <0.07%
Assembly 5.00% 0.20%
Hospital 7.00% 0.47%
Laboratory 10.00% 0.67%
Restaurant 1.00% 0.07%
Enclosed Parking Garage 0.00% 0.00%
Open Parking Garage 0.00% 0.00%
Grocery 1.00% 0.07%
Refrigerated Warehouse 1.00% 0.07%
Controlled-environment Horticulture 1.00% 0.07%
Vehicle Service 10.00% 0.67%
Manufacturing 3.00% 0.20%
Unassigned 1.00% 0.07%
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Table 41: Percentage of Nonresidential Floorspace Impacted by Proposed
Measure, by Climate Zone

Climate New Construction Impacted A [ ) e (Altli';:gz;]:g
Zone (Percent Square Footage) (Percent Square Footage)
1 3.30% 0.25%

2 3.99% 0.26%

3 3.77% 0.27%

4 3.46% 0.26%

5 3.84% 0.25%

6 2.73% 0.25%

7 3.73% 0.26%

8 3.28% 0.24%

9 4.22% 0.25%
10 3.81% 0.24%
11 3.72% 0.23%
12 4.14% 0.26%
13 4.11% 0.25%
14 3.90% 0.24%
15 3.82% 0.23%
16 3.77% 0.22%
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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: California Building Energy Code
Compliance (CBECC) Software Specification

The CEC requires a beta version of CBECC software to be released at least one year
prior to the effective date of the California Energy Code. The 2025 code will take effect
January 1, 2026. Therefore, the beta version of the CBECC software must be released
no later than January 1, 2025. The Statewide CASE Team will provide this appendix to
the CBECC development teams at least 20 months prior to the anticipated effective
date of the 2025 code to allow sufficient time for the development and testing of the
software changes. Therefore, the Statewide CASE Team will provide this document to
the CBECC development teams no later than May 1, 2024.

Introduction

The purpose of this appendix is to present proposed revisions to CBECC for
commercial/ buildings (CBECC) along with the supporting documentation that the CEC
staff and the technical support contractors would need to approve and implement the
software revisions.

Technical Basis for Software Change

The change is expected to be minor and will require adjusting the inputs for the
threshold for daylight dimming.

Description of Software Change

Background Information for Software Change

The change will involve updating the default settings of what is 100 percent daylight
controls. Instead of 120W the threshold is 75W. This is in the building model data by
currently active space.

Existing CBECC Building Energy Modeling Capabilities

Current compliance software unchecks 100 percent controlled.

Summary of Proposed Revisions to CBECC

There will need to be an allowance to account for the savings calculated using the ray -
tracing methodology. The Statewide CASE team will discuss with NORESCO the
possibility of an adjustment factor or adjustment to the schedule. The methodology used
to find energy savings employs ray tracing. In contrast, The California Simulation
Engine (CSE) utilizes the split-flux method for daylighting calculations. The split-flux
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method is faster and easier to use than ray tracing, especially for large buildings. It
divides the light into two parts (direct and diffuse) and estimates how they interact with
the surfaces in the building. However, ray tracing is more accurate and can handle
complex geometries and materials, but it requires a lot of computer processing power
which is not ideal for CBECC.

User Inputs to CBECC

EnergyPlus/California Simulation Engine Inputs

The Statewide CASE team will have a discussion with NORESCO on the optimum
approach to translating the savings from the ray tracing methodology to a format
compatible with CBECC.

Calculated Values, Fixed Values, and Limitations
Simulation Engine Output Variables

Compliance Report

The Statewide CASE Team does not anticipate any needed updates to the Compliance
report.

Compliance Verification

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

Testing and Confirming CBECC Building Energy Modeling

The Statewide CASE team will have a discussion with NORESCO regarding the
appropriate testing and confirmation process for the model. Given that the methodology
applied by the Statewide CASE relies on ray tracing for daylight calculation, while
CBECC-Com employs split-flux, it is anticipated that some modifications may be
necessary. It is imperative to address these discrepancies to ensure that the model
produces accurate results and is validated through an appropriate testing and
confirmation process.

Description of Changes to ACM Reference Manual

The Statewide CASE Team is not recommending changes to the standards or
References Appendices.
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Appendix D: Environmental Analysis

Potential Significant Environmental Effect of Proposal

The CEC is the lead agency under the California Environmental Quality Act (CEQA) for
the 2025 Energy Code and must evaluate any potential significant environmental effects
resulting from the proposed standards. A “significant effect on the environment” is “a
substantial adverse change in the physical conditions which exist in the area affected by
the proposed project.” (Cal. Code Regs., tit. 14, § 15002(g).)

The Statewide CASE Team has considered the environmental benefits and adverse
impacts of its proposal including, but not limited to, an evaluation of factors contained in
the California Code of Regulations, Title 14, section 15064 and determined that the
proposal would not result in a significant effect on the environment.

Direct Environmental Impacts

Direct Environmental Benefits

There are significant energy savings and GHG emission reductions from this proposal.
There are no water savings associated with this proposal. For more information on the
energy savings, see Section 4. For more information on the GHG emission reductions,
see Section 0.

Direct Adverse Environmental Impacts

There are no identified direct adverse environmental impacts from this code change
proposal.

Indirect Environmental Impacts

Indirect Environmental Benefits

There are no identified indirect environmental benefits from this code change proposal.

Indirect Adverse Environmental Impacts

The proposed code change is likely to lead to increased embodied carbon emissions
from the likely increase in the usage of occupancy sensors, control technology, and
potentially cables and low voltage wires, depending upon implementation. The
proposed code change could result in a decrease in usage of time-switch controls. For
more information on the material impacts see Section 6.4.
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The Statewide CASE Team has determined that the operational emissions reductions
from this proposal would likely far outweigh the potential increase in embodied carbon
emissions.

Mitigation Measures

The Statewide CASE Team has considered opportunities to minimize the environmental
impact of the proposal, including an evaluation of “specific economic, environmental,
legal, social, and technological factors.” (Cal. Code Regs., tit. 14, § 15021.) The
Statewide CASE Team did not determine that this measure would result in significant
direct or indirect adverse environmental impacts and therefore did not develop any
mitigation measures.

Reasonable Alternatives to Proposal

If an EIR is developed, CEQA requires a lead agency to evaluate reasonable
alternatives to proposals that would have a significant adverse effect on the
environment, including a “no project” alternative. (Cal. Code Regs. Tit. 14, §§
15002(h)(4) and 15126.6.)

The Statewide CASE Team has considered alternatives to the proposal and believes
that no alternative achieves the purpose of the proposal with less environmental effect.

Water Use and Water Quality Impacts Methodology

There are no impacts to water quality or water use from the proposed code change.

Embodied Carbon in Materials

Accounting for embodied carbon emissions is important for understanding the full
picture of a proposed code change’s environmental impacts. The embodied carbon in
materials analysis accounts specifically for emissions produced during the “cradle-to-
gate” phase: emissions produced from material extraction, manufacturing, and
transportation. Understanding these emissions ensures the proposed measure
considers these early stages of materials production and manufacturing instead of
emissions reductions from energy efficiency alone.

The Statewide CASE Team calculated emissions impacts associated with embodied
carbon from the change in materials as a result of the proposed measure. The
calculation builds off the materials impacts outlined in Section 6.4. See Section 6.4 for
more details on the materials impact analysis.

After calculating the materials impacts, the Statewide CASE Team applied average
embodied carbon emissions for each material. The embodied carbon emissions are
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based on industry-wide environmental product declarations (EPDs).'> ¢ These industry-
wide EPDs provide global warming potential (GWP) values per weight of specific
materials.!” The Statewide CASE Team chose the industry-wide average for GWP
values in the EPDs because the materials accounted for in the statewide calculation will
have a range of embodied carbon; i.e. some materials like concrete have a wide range
of embodied carbon depending on the manufacturer’s processes, source of the
materials, etc. The Statewide CASE Team assumes that most building projects will not
specify low embodied carbon products. Therefore, an average is appropriate for a
statewide estimate.

First-year statewide impacts per material (in pounds) were multiplied by the GWP
impacts for each material. This provides the total statewide embodied carbon impact for
each material. If a material’s use is increased, then there is an increase in embodied
carbon impacts (additional emissions). If a material’s use is decreased, then there is a
decrease in embodied carbon impacts (emissions reduced). The total emissions
reductions from this measure are the total GHG emissions reductions from Section 6.2
combined with emissions reductions (or additional emissions) from embodied carbon.

15 EPDs are documents which disclose a variety of environmental impacts, including embodied carbon
emissions. These documents are based on lifecycle assessments on specific products and materials.
Industry-wide EPDs disclose environmental impacts for one product for all (or most) manufacturers in a
specified area and are often developed through the coordination of multiple manufacturers and/or
associations. A manufacturer specific EPD only examines one product from one manufacturer. Therefore,
an industry-wide EPD discloses all the environmental impacts from the entire industry (for a specific
product/material) but a manufacturer specific EPD only factors one manufacturer.

16 An industry wide EPD was not used for mercury, lead, copper, plastics, and refrigerants. Global
warming potential values of mercury, lead and copper are based on data provided in a Life Cycle
Assessment (LCA) conducted by Yale University in 2014. The GWP value for plastic is based on a LCA
conducted by Franklin Associates, which capture roughly 59% of the U.S.’ total production of PVC and
HDPE production. The GWP values for refrigerants are based on data provided by the Intergovernmental
Panel on Climate Change (IPCC) Fourth Assessment Report.

17 GWP values for concrete and wood were in units of kg CO2 equivalent by volume of the material rather
than by weight. An average density of each material was used to convert volume to weight.
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Appendix E: Discussion of Impacts of Compliance
Process on Market Actors

This appendix discusses how the recommended compliance process, which is
described in 2.5, could impact various market actors. Table 42 identifies the market
actors who will play a role in complying with the proposed change, the tasks for which
they are responsible, how the proposed code change could impact their existing
workflow, and ways negative impacts could be mitigated. The information contained in
Table 42 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.

Table 42 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 workflow, and ways
negative impacts could be mitigated.
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Table 42: Roles of Market Actors in the Proposed Compliance Process

Market Actor

Task(s) in current compliance

process relating to the CASE

How will the proposed measure
impact the current task(s) or

How will the proposed code
change impact compliance and

Opportunities to minimize
negative impacts of

Lighting
Designer
and/or
Electrical
Engineer

Energy
Consultants

Plans Examiner

measure

¢ Design luminaire layout, specify
luminaires, and determine
connected lighting load in each
space.

¢ Determine the daylit zones within
each space.

o Specify automatic daylighting
controls for daylit zones where
the connected lighting load is
greater than 120 watts.

o Determine whether to specify
automatic daylighting controls for
the exempted daylit zones.

o Determine whether to take
advantage of Power Adjustment
Factors (PAFs)

¢ |dentify automatic daylighting
controls on the plans where the
connected lighting load is greater
than 120 watts.

¢ Determine whether to take
advantage of PAFs

e Prepare the NRCC forms, if not
prepared by the lighting designer
or electrical engineer.

Check and confirm there are

automatic daylighting controls for

daylit zones with a connected

lighting load greater than 120

watts on the NRCC forms and

confirm the information is
incorporated into the plans
documents.

workflow?

Instead of 120 watts, specify
automatic daylighting controls
for daylit zones where the
connected lighting load is
greater than 75 watts.

Instead of 120 watts, identify
automatic daylighting controls
on the plan for daylit zones
where the connected lighting
load is greater than 75 watts.

Check and confirm there are
automatic daylighting controls
for daylit zones with a
connected lighting load greater
than 75 watts on the NRCC
forms and confirm the
information is incorporated into
the plans documents.

enforcement?

On the NRCC (either
NRCC-LTI or NRCC-PRF)
form, if prepared by the
lighting designer or
electrical engineer, make
sure automatic daylighting
controls are included in
spaces that are no longer
exempted.

On the NRCC (either
NRCC-LTI or NRCC-PRF)
form, make sure automatic
daylighting controls are
included in spaces that are
no longer exempted.

On the NRCC form, the plan
examiner will need to make
sure automatic daylighting
controls are included in
spaces that are no longer
exempted.

compliance requirement

The proposed CASE measure
is a simple extension of the
existing practice, and no
specific opportunity is identified
for the market actor to minimize
impacts of compliance
requirement.

The proposed CASE measure
is a simple extension of the
existing practice, and no
specific opportunity is identified
for the market actor to minimize
impacts of compliance
requirement.

The proposed CASE measure
is a simple extension of the
existing practice, and no
specific opportunity is identified
for the market actor to minimize
impacts of compliance
requirement.
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Market Actor

Electrical
Contractors or
Installers

Qualified
Design
Reviewer

Commissioning
Provider

Task(s) in current compliance

process relating to the CASE
measure

¢ Review the design documents,
including the luminaire and
control equipment schedules.

e Procure, install, and wire the
photocontrols and other
necessary hardware and
accessories according to the
design documents.

e Review NRCC forms and plans
documents to ensure they are
consistent and that automatic
daylighting controls are identified
for daylit zones with a connected
lighting load greater than 120
watts.

e Prepare NRCC-CXR forms.

¢ Review design documents,
specifically, control intent
narratives, sequence of
operations, and code
requirements.

¢ Commission the photocontrols
with the setpoints, ramp rate,
and minimum dim level as
specified in the design
documents.

¢ Confirm the photocontrols are
functioning as intended.

How will the proposed measure
impact the current task(s) or
workflow?

The workflow is unchanged by
the proposed CASE measure;
however, the total number of
photocontrols are increased
due to the lowered threshold
for requiring automatic
daylighting controls. The
overall time required to install
and wire the photocontrols is
increased as a result.

Review NRCC forms and
plans documents to ensure
they are consistent and that
automatic daylighting controls
are identified for daylit zones
with a connected lighting load
greater than 75 watts.

¢ The workflow is unchanged
by the proposed CASE
measure; however, the total
number of photocontrols are
increased due to the lowered
threshold for requiring
automatic daylighting
controls. The overall time
required to commission the
lighting control system is
increased as a result.

How will the proposed code
change impact compliance and
enforcement?

e The equipment schedules
will have a higher number
of equipment counts, and
the drawings will show
more spaces where
equipment related to
automatic daylighting
controls is to be installed.

e The overtime required to
install and wire the
equipment will be
increased.

On the NRCC form and
plans documents, make
sure automatic daylighting
controls are identified in
spaces that are no longer
exempted.

e The design documents will
specify more spaces to be
commissioned for
automatic daylighting
controls.

¢ The overall time required
to commission the lighting
control system will be
increased.

Opportunities to minimize
negative impacts of
compliance requirement

The proposed CASE measure
is a simple extension of the
existing practice, and no
specific opportunity is identified
for the market actor to minimize
impacts of compliance
requirement.

The proposed CASE measure
is a simple extension of the
existing practice, and no
specific opportunity is identified
for the market actor to minimize
impacts of compliance
requirement.

The proposed CASE measure
is a simple extension of the
existing practice, and no
specific opportunity is identified
for the market actor to minimize
impacts of compliance
requirement.
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Market Actor

ATT

Inspector

Task(s) in current compliance

process relating to the CASE
measure

¢ Review the plans documents for
the daylit zones.

e Determine whether sampling of
photocontrols is allowed and
needed for the Functional
Testing, and if so, strategize the
sampling of group of five
photocontrols.

e Conduct the acceptance test on
the sampled photocontrols.

Review the approved drawings
and documents and verify that
automatic daylighting controls are
included in all daylit zones with a
connected lighting load greater
than 120W.

How will the proposed measure
impact the current task(s) or
workflow?

e The total number of

How will the proposed code
change impact compliance and
enforcement?

e The plans documents will
photocontrols are increased show more spaces with
due to the lowered threshold photocontrols.
for requiring automatic e The overall time required
daylighting controls. to perform automatic

¢ The workflow is unchanged daylighting controls
by the proposed CASE Functional Testing
measure; however, if increases as the number of
sampling of photocontrols is sampled photocontrols
allowed and needed, the total increases.
number of photocontrols that | ¢ The number of tested
are sampled and tested are zones on the NRCA form
increased. will increase due to the

increased number of

photocontrols tested. ATT
will also need to spend
more time filling out the
form.

On the NRCI and NRCA
forms, the inspector will
need to make sure
automatic daylighting
controls are included in
spaces that are no longer
exempted.

The workflow is unchanged by
the proposed CASE measure;
however, the inspector needs
to verify that automatic
daylighting controls are
included in all daylit zones with
a connected lighting load
greater than 75W instead of
120W.

Opportunities to minimize
negative impacts of
compliance requirement

Potential for using technologies
to speed up acceptance testing
process based on the increased
number and sophistication of
lighting controls.

The proposed CASE measure
is a simple extension of the
existing practice, and no
specific opportunity is identified
for the market actor to minimize
impacts of compliance
requirement.
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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 CEC 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 2025 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

e 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 revising automatic
daylighting controls exceptions via webinar described in Table 43. 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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Table 43: Utility-Sponsored Stakeholder Meetings

Meeting Name Meeting Date |Event Page from Title24stakeholders.com

First Round of https://title24stakeholders.com/event/nonresidential
Daylighting Utility- Friday, February -daylighting-lighting-language-clean-up-and-
Sponsored 24, 2023 existing-buildings-utility-sponsored-stakeholder-
Stakeholder Meeting meeting/

Second Round of Tuesday, https://title24stakeholders.com/event/lighting-
Daylighting Utility- May 16 language-cleanup-controlled-environment-
Sponsored ’ horticulture-and-nonresidential-daylighting-utility-
Stakeholder Meeting 2023 sponsored-stakeholder-meeting/

The first round of utility-sponsored stakeholder meetings occurred from January to
February 2023 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 2025 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 the initial draft code language for stakeholders to
review.

The second round of utility-sponsored stakeholder meetings occurred in May 2023 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 3,000
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 CEC 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, and recorded
outcomes of live attendee polls to evaluate stakeholder participation and support.
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Statewide CASE Team Communications

The Statewide CASE Team held personal communications over email and phone with
numerous stakeholders when developing this report, listed in Table 44. The Statewide
CASE Team contacted the key stakeholders who had provided feedback on the lighting
and daylighting measures during the previous code cycles in an attempt to

e Inform them about this proposed code change;
e Solicit their continuous engagement and participation in the stakeholder meetings;
e Collect data to inform energy modeling and cost estimates.

These stakeholders included manufacturers, lighting designers, industry associations,
electrical engineering consultants, and other energy efficiency advocates. The
Statewide CASE Team also engaged with the Chair and members of the ASHRAE 90.1
Lighting Subcommittee to ensure the proposed code change is well aligned with the
requirements in ASHRAE 90.1. The Statewide CASE Team engaged with the
manufacturers’ sales representative agencies to collect cost data for various control
solutions that can be used to meet the requirements in this code change proposal.

Table 44: Engaged Stakeholders

Organization/Individual Name Market Role

Acuity Brands

ASHRAE 90.1 Lighting Subcommittee

Benya Burnett Consultancy
Building and Controls
California Energy Alliance
Crestron

CT Lighting and Controls
Current

HLB

Legrand

Lighting Design Alliance
Lutron

MH Lighting

National Electrical Manufacturers
Association (NEMA)

NLCAA

The Engineering Enterprise
The Lighting Agency
Signify

Visual Interest

Manufacturer

Standard Development Organization

Lighting Designer

Manufacturer's Sales Representative Agency
Energy efficiency advocating organization
Manufacturer

Manufacturer’s Sales Representative Agency
Manufacturer

Lighting Designer

Manufacturer

Lighting Designer

Manufacturer

Manufacturer's Sales Representative Agency

Industry Association

Acceptance Test Technicians

Electrical Engineering

Manufacturer's Sales Representative Agency
Manufacturer

Manufacturer's Sales Representative Agency
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Appendix G: Energy Cost Savings in Nominal
Dollars

The CEC requested energy cost savings over the 30-year period of analysis in both
2026 present value dollars (2026 PV$) and nominal dollars. The cost-effectiveness
analysis uses energy cost values in 2026 PV$. Costs and cost effectiveness using and
2026 PV$ are presented in Section 5 of this report. This appendix presents energy cost
savings in nominal dollars.

Table 45: Nominal Lifecycle Energy Cost Savings Over 30-Year Period of Analysis
— Per Watt — New Construction and Alterations — Large Office

PSDZ Office / SSDZ Office /| PSDZ + SSDZ Office /

C PSDZ Corridor
Climate . onference Rclmlm ponference qum F:onference R99m Lifecycle Electricity
Zone Llfecycéle Electrllclty Lifecycle Electrllmty Lifecycle Electrllclty Cost Savings
ost Savings Cost Savings Cost Savings :
(Nominal $/W) (Nominal $/W) (Nominal $/W) enliel S
1 TBD TBD TBD TBD
2 TBD TBD TBD TBD
3 TBD TBD TBD TBD
4 TBD TBD TBD TBD
5 TBD TBD TBD TBD
6 TBD TBD TBD TBD
7 TBD TBD TBD TBD
8 TBD TBD TBD TBD
9 TBD TBD TBD TBD
10 TBD TBD TBD TBD
11 TBD TBD TBD TBD
12 TBD TBD TBD TBD
13 TBD TBD TBD TBD
14 TBD TBD TBD TBD
15 TBD TBD TBD TBD
16 TBD TBD TBD TBD
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Appendix H: ASHRAE Lighting Schedule

Initially, the Statewide CASE Team considered using the Title 24, Part 6 ACM
Reference Manual occupancy schedule which entailed converting into a lighting
schedule based on occupancy interactions with lighting controls. It was noted that most
of the hours during which the ACM occupancy for the office space was zero (such as
weekday hour ending 1 am to 6 am) were hours when the lighting schedule was five
percent. As a result, the Statewide CASE Team interpretated this to mean that five
percent of the lighting schedule was dedicated to “night lighting” or lighting that was on
all the time for egress, and that by stripping off five percent for night lighting would
reflect the fraction of lighting that could be controlled with daylighting controls. In this
format, five percent of lighting would always be on, and the remaining controlled fraction
would be the fraction of lighting that was on after other controls were applied, such as
timeclock or other occupancy controls. Table 46 below details the occupancy schedule
and the updated version with the five percent night lighting removed.

Table 46: Nonresidential ACM Reference Manual Appendix 5.4B Office Lighting
Schedule and Controlled Lighting Schedule With 5 Percent Night Lighting
Stripped Off

Hourly lighting consumption profile from Hourly lighting controls profile with
ACM Appendix 5.4B Schedules T-24-2019 5% stripped off for night lighting
Start End
Hour  Hour Weekday Saturday Sunday Weekday  Saturday Sunday

0 1 0.05 0.05 0.05 0.00 0.00 0.00
1 0.05 0.05 0.05 0.00 0.00 0.00
2 3 0.05 0.05 0.05 0.00 0.00 0.00
3 4 0.05 0.05 0.05 0.00 0.00 0.00
4 5 0.05 0.05 0.05 0.00 0.00 0.00
5 6 0.10 0.05 0.05 0.05 0.00 0.00
6 7 0.10 0.10 0.05 0.05 0.05 0.00
7 8 0.30 0.10 0.05 0.25 0.05 0.00
8 9 0.65 0.30 0.05 0.60 0.25 0.00
9 10 0.65 0.30 0.05 0.60 0.25 0.00
10 11 0.65 0.30 0.05 0.60 0.25 0.00
11 12 0.65 0.30 0.05 0.60 0.25 0.00
12 13 0.65 0.15 0.05 0.60 0.10 0.00
13 14 0.65 0.15 0.05 0.60 0.10 0.00
14 15 0.65 0.15 0.05 0.60 0.10 0.00
15 16 0.65 0.15 0.05 0.60 0.10 0.00
16 17 0.65 0.15 0.05 0.60 0.10 0.00
17 18 0.35 0.05 0.05 0.30 0.00 0.00

2025 Title 24, Part 6 Draft CASE Report — Daylighting | 91




Hourly lighting consumption profile from Hourly lighting controls profile with
ACM Appendix 5.4B Schedules T-24-2019 5% stripped off for night lighting
Start  End
Hour  Hour Weekday Saturday Sunday Weekday  Saturday Sunday
18 19 0.30 0.05 0.05 0.25 0.00 0.00
19 20 0.30 0.05 0.05 0.25 0.00 0.00
20 21 0.20 0.05 0.05 0.15 0.00 0.00
21 22 0.20 0.05 0.05 0.15 0.00 0.00
22 23 0.10 0.05 0.05 0.05 0.00 0.00
23 24 0.05 0.05 0.05 0.00 0.00 0.00

The total lighting power of the general lighting system for any given hour is a
combination of: the lighting power allowed by the daylighting controls to maintain
appropriate combined electric lighting and daylighting light levels in the space multiplied
by the hourly lighting profile with the 5 percent night lighting stripped off (representing
the probability that daylight controlled lights would be on during that hour) and then five
percent of power would be added on to represent uncontrolled egress lighting that is
continuously on all day and night in the daylit zone.

One inconsistency that the Statewide CASE Team noted with the ACM lighting
schedules is that weekdays for hours ending nine to 17, the people occupancy was 95
percent (except hour 13 when occupancy drops to 50 percent), but the lighting schedule
is only 65 percent during this same time period. This would imply that people are only
operating their lights at little more than half power when they are in their offices or that
the occupancy sensors are turning off their lights, which would represent a control
failure. The control fraction (hourly profile fraction) with the five percent stripped off was
intended to represent the control fraction before daylighting controls are applied and
thus should be reasonably close to the hourly occupancy fraction for the same hours.

As a result of this perceived inconsistency, the Statewide CASE Team used the
ASHRAE 90.1 lighting schedule to represent all the other lighting controls besides
daylighting controls. When this approach is taken, the lighting control fraction more
closely approximates the occupancy profile of office spaces. Similar to the approach
using the ACM Reference Manual occupancy schedule discussed earlier, the
methodology using ASHRAE lighting schedule strips five percent off of the lighting
profile values to account for night lighting, multiplies the remaining control fraction by
the calculated lighting fraction allowed by the daylighting controls, and then adds the
five percent power fraction back on to account for egress lighting. See Table 47 below
for the ASHRAE 90.1 lighting schedule with the five percent removed to account for
night lighting. Using the nomenclature in Section 4.1.2 Energy Savings Methodology per
Prototypical Space, the ASHRAE Lighting Schedule is the hourly lighting schedule for
all lighting, ALSh, and the lighting schedule with the five percent night lighting stripped
off is the hourly controlled lighting schedule, CLSh.
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Table 47: Lighting Schedule for ASHRAE 90.1 Office Prototype and Controlled
Lighting Schedule with 5 Percent Night Lighting Stripped Off

Hourly lighting consumption profile from
PNNL Scorecard for ASHRAE 90.1 Hourly lighting controls profile with
Prototypes 5% stripped off for night lighting
Start End
Hour  Hour Weekday Saturday Sunday Weekday Saturday Sunday

0 1 0.05 0.05 0.05 0.00 0.00 0.00
1 0.05 0.05 0.05 0.00 0.00 0.00
2 3 0.05 0.05 0.05 0.00 0.00 0.00
3 4 0.05 0.05 0.05 0.00 0.00 0.00
4 5 0.05 0.05 0.05 0.00 0.00 0.00
5 6 0.10 0.05 0.05 0.05 0.00 0.00
6 7 0.10 0.10 0.05 0.05 0.05 0.00
7 8 0.30 0.10 0.05 0.25 0.05 0.00
8 9 0.90 0.30 0.05 0.85 0.25 0.00
9 10 0.90 0.30 0.05 0.85 0.25 0.00
10 11 0.90 0.30 0.05 0.85 0.25 0.00
11 12 0.90 0.30 0.05 0.85 0.25 0.00
12 13 0.90 0.15 0.05 0.85 0.10 0.00
13 14 0.90 0.15 0.05 0.85 0.10 0.00
14 15 0.90 0.15 0.05 0.85 0.10 0.00
15 16 0.90 0.15 0.05 0.85 0.10 0.00
16 17 0.90 0.15 0.05 0.85 0.10 0.00
17 18 0.50 0.05 0.05 0.45 0.00 0.00
18 19 0.30 0.05 0.05 0.25 0.00 0.00
19 20 0.30 0.05 0.05 0.25 0.00 0.00
20 21 0.20 0.05 0.05 0.15 0.00 0.00
21 22 0.20 0.05 0.05 0.15 0.00 0.00
22 23 0.10 0.05 0.05 0.05 0.00 0.00
23 24 0.05 0.05 0.05 0.00 0.00 0.00
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