BOARD OF DIRECTORS
MEETING
March 15, 2023

MEETING LOCATION(S) FOR IN-PERSON ATTENDANCE BY
BOARD MEMBERS AND MEMBERS OF THE PUBLIC

Main Meeting Location:

Bay Area Metro Center
1st Floor Board Room
375 Beale Street, San Francisco, CA 94105

In-Person Remote Teleconference Location(s):

Office of Contra Costa County Supervisor John Gioia
Conference Room
11780 San Pablo Ave., Suite D, El Cerrito, CA 94530

THE FOLLOWING STREAMING OPTIONS WILL ALSO BE PROVIDED

These streaming options are provided for convenience only. In the event that streaming
connections malfunction for any reason, the Board of Directors reserves the right to
conduct the meeting without remote webcast and/or Zoom access.

The public may observe this meeting through the webcast by clicking the link available
on the air district’s agenda webpage at http://www.baagmd.gov/bodagendas

Members of the public may participate remotely via Zoom
at https://bayareametro.zoom.us/j/85969852889 or may join Zoom by phone by dialing
(669) 900-6833 or (408) 638-0968. The Webinar ID for this meeting is: 859 6985 2889
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BOARD OF DIRECTORS MEETING
AGENDA

WEDNESDAY, MARCH 15, 2023

9:00 AM
Chairperson, John J. Bauters
1. Call to Order - Roll Call
2. Pledge of Allegiance
3. Public Meeting Procedure

The Board Chair shall call the meeting to order and the Clerk of the Boards shall take roll
of the Board members.

This meeting will be webcast. To see the webcast, please
visit www.baagmd.gov/bodagendas at the time of the meeting. Closed captioning may
contain errors and omissions and are not certified for their content or form.

Public Comment on Agenda Items: The public may comment on each item on the agenda
as the item is taken up. Members of the public who wish to speak on a matter on the agenda
will have one minute each to address the Board on that agenda item, unless a different time
limit is established by the Chair. No speaker who has already spoken on an item will be
entitled to speak to that item again.

PUBLIC HEARING(S)

4. Public Hearing to Consider Adoption of Proposed Amendments to Regulation 9: Inorganic
Gaseous Pollutants, Rule 4: Nitrogen Oxides from Fan Type Central Furnaces (Rule 9-4)
and Rule 6: Nitrogen Oxides Emissions from Natural Gas-Fired Boilers and Water Heaters
(Rule 9-6), and Certification of an Environmental Impact Report for the Proposed
Amendments to Rule 9-4 and Rule 9-6 Pursuant to the California Environmental Quality
Act (CEQA)

The Board of Directors will consider adoption of proposed amendments to Regulation 9,
Rule 4: Inorganic Gaseous Pollutants, Rule 4: Nitrogen Oxides from Fan Type Central
Furnaces (Rule 9-4) and Rule 6: Nitrogen Oxides Emissions from Natural Gas-Fired
Boilers and Water Heaters (Rule 9-6) and Certification of an Environmental Impact Report
for the proposed amendments to Rule 9-4 and Rule 9-6 pursuant to the California
Environmental Quality Act (CEQA).
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CONSENT CALENDAR (Item 5)

5. Referral of the Proposed Budget for Fiscal Year Ending (FYE) 2024 to the Finance and
Administration Committee

The Board of Directors will consider referring the proposed budget for the Fiscal Year
Ending (FYE) on June 30, 2024, to the Finance and Administration Committee for review
and consideration.

OTHER BUSINESS

6. Public Comment on Non-Agenda Matters

Pursuant to Government Code Section 54954.3, members of the public who wish to speak on
matters not on the agenda will be given an opportunity to address the Board of Directors.
Members of the public will have one minute each to address the Board, unless a different
time limit is established by the Chair.

7. Board Member Comments

Any member of the Board, or its staff, on his or her own initiative or in response to
questions posed by the public, may: ask a question for clarification, make a brief
announcement or report on his or her own activities, provide a reference to staff regarding
factual information, request staff to report back at a subsequent meeting concerning any
matter or take action to direct staff to place a matter of business on a future agenda. (Gov'’t

Code § 54954.2)
8. Report of the Executive Officer/APCO
9. Chairperson’s Report

10. Time and Place of Next Meeting

Wednesday, April 5, 2023, at 9:00 a.m. at 375 Beale Street, San Francisco, CA 94105. The
meeting will be in-person for the Board members and members of the public will be able to
either join in-person or via webcast.

1. Adjournment

The Board meeting shall be adjourned by the Board Chair.
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CONTACT:

MANAGER, EXECUTIVE OPERATIONS (415) 749-4941
375 BEALE STREET, SAN FRANCISCO, CA 94105 FAX: (415) 928-8560
viohnson@baagmd.gov BAAQMD homepage:

www.baagmd.gov

e Any writing relating to an open session item on this Agenda that is distributed to all, or a
majority of all, members of the body to which this Agenda relates shall be made available at
the Air District’s offices at 375 Beale Street, Suite 600, San Francisco, CA 94105, at the time
such writing is made available to all, or a majority of all, members of that body.

Accessibility and Non-Discrimination Policy

The Bay Area Air Quality Management District (Air District) does not discriminate on the basis
of race, national origin, ethnic group identification, ancestry, religion, age, sex, sexual
orientation, gender identity, gender expression, color, genetic information, medical condition, or
mental or physical disability, or any other attribute or belief protected by law.

It is the Air District’s policy to provide fair and equal access to the benefits of a program or
activity administered by Air District. The Air District will not tolerate discrimination against any
person(s) seeking to participate in, or receive the benefits of, any program or activity offered or
conducted by the Air District. Members of the public who believe they or others were unlawfully
denied full and equal access to an Air District program or activity may file a discrimination
complaint under this policy. This non-discrimination policy also applies to other people or
entities affiliated with Air District, including contractors or grantees that the Air District utilizes
to provide benefits and services to members of the public.

Auxiliary aids and services including, for example, qualified interpreters and/or listening
devices, to individuals who are deaf or hard of hearing, and to other individuals as necessary to
ensure effective communication or an equal opportunity to participate fully in the benefits,
activities, programs, and services will be provided by the Air District in a timely manner and in
such a way as to protect the privacy and independence of the individual. Please contact the Non-
Discrimination Coordinator identified below at least three days in advance of a meeting so that
arrangements can be made accordingly.

If you believe discrimination has occurred with respect to an Air District program or activity,
you may contact the Non-Discrimination Coordinator identified below or visit our website at
www.baaqmd.gov/accessibility to learn how and where to file a complaint of discrimination.

Questions regarding this Policy should be directed to the Air District’s Non-Discrimination
Coordinator, Suma Peesapati, at (415) 749-4967 or by email at speesapati@baagmd.gov.
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BAY AREA AIR QUALITY MANAGEMENT DISTRICT

375 BEALE STREET, SAN FRANCISCO, CA 94105
FOR QUESTIONS PLEASE CALL (415) 749-4941

EXECUTIVE OFFICE:

MONTHLY CALENDAR OF AIR DISTRICT MEETINGS

MARCH 2023
TYPE OF MEETING DAY DATE TIME ROOM
Board of Directors Meeting Wednesday 15 9:00 a.m. 1%t Floor Board Room
Board of Directors Community Equity, Wednesday 15 1:00 p.m. 1t Floor Board Room
Health and Justice Committee — CANCELLED
& RESCHEDULED TO WEDNESDAY, MARCH 29,
2023 AT 9:00 A.M.
Board of Directors Legislative Committee - Wednesday 15 3:30 p.m. 15t Floor Board Room
CANCELLED
Community Advisory Council Meeting Thursday 16 6:00 p.m. 15t Floor Board Room
Path to Clean Air Community Emissions Monday 20 5:30 p.m. 1%t Floor Board Room
Reduction Plan Steering Committee
Board of Directors Community Equity, Wednesday 29 9:00 a.m. 15t Floor Board Room

Health and Justice Committee

MB 3/9/2023 —12:21 p.m.

G/Board/Executive Office/Moncal
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AGENDA: 4.

BAY AREA AIR QUALITY MANAGEMENT DISTRICT
Memorandum

To: Chairperson John J. Bauters and Members
of the Board of Directors

From: Philip M. Fine
Executive Officer/APCO

Date: March 15, 2023

Re: Public Hearing to Consider Adoption of Proposed Amendments to Regulation 9:
Inorganic Gaseous Pollutants, Rule 4: Nitrogen Oxides from Fan Type Central
Furnaces (Rule 9-4) and Rule 6: Nitrogen Oxides Emissions from Natural Gas-Fired
Boilers and Water Heaters (Rule 9-6), and Certification of an Environmental Impact
Report for the Proposed Amendments to Rule 9-4 and Rule 9-6 Pursuant to the
California Environmental Quality Act (CEQA)

RECOMMENDED ACTION

Recommend the Board of Directors consider:

e Adoption of proposed amendments to Regulation 9: Inorganic Gaseous Pollutants, Rule
4: Nitrogen Oxides from Fan Type Central Furnaces (Rule 9-4) and Rule 6: Nitrogen
Oxides Emissions from Natural Gas-Fired Boilers and Water Heaters (Rule 9-6), and;

e Certification of an Environmental Impact Report for the proposed amendments to Rule 9-
4 and Rule 9-6 pursuant to the California Environmental Quality Act (CEQA), and make
a Statement of Overriding Considerations.

BACKGROUND

In 2020, Air District staff began evaluating potential amendments to Regulation 9 Inorganic
Gaseous Pollutants, Rule 4: Nitrogen Oxides from Fan Type Residential Central Furnaces (Rule
9-4) and Regulation 9, Rule 6: Nitrogen Oxides Emissions from Natural Gas-Fired Boilers and
Water Heaters (Rule 9-6). These rules govern emissions from small, typically residential and
commercial, furnace and water heater appliances. Space- and water-heating appliances generate
a large portion of nitrogen oxide (NOx) emissions from sources in the Bay Area. NOx is formed
during natural gas combustion when ambient nitrogen and oxygen combine at high temperatures.
NOx emissions are a precursor to ozone and secondary particulate matter (PM) formation and
negatively impact local and regional air quality. The proposed rule amendments would
substantially reduce NOx emissions from these furnace and water heater appliances and support
improvements to regional ambient air quality and health outcomes. These emissions also result in
PM exposures in communities throughout the Bay Area, which can contribute to a number of
adverse health outcomes, including premature deaths. In addition, the health impact modeling
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described in the Staff Report indicates that communities of color are disproportionately impacted
by pollution from these appliances.

Staff presented to the Stationary Source and Climate Impacts Committee of the Board of
Directors multiple times throughout 2021 and 2022. Feedback has consistently shown support
for the draft amendments from the Board and public while noting the importance of balancing
complicating factors, such as equity and the availability of funding mechanisms for incentives
and subsidies. Staff additionally held four meetings of an external stakeholder working group
from May to July of 2021 to receive input on the draft amendments.

Staff held a workshop on the draft amendments in October 2021. Following comments received
from this workshop, staff made minor revisions to the draft amendments of Rule 9-4. These
updates consist of the addition of Section 9-4-206, a definition for “Natural Gas-Fired Furnace,”
and related text updates to clarify its applicability to emission standards. No additional updates
were made to the draft amendments to Rule 9-6 since the October workshop.

Air District staff released the proposed amendments to Rule 9-4 and Rule 9-6, Staff Report,
Socioeconomic Impact Analysis, Notice of Public Hearing, Notice of Availability of a CEQA
Draft Environmental Impact Report (DEIR), and other supporting documents in December 2022
for public review and comment. These materials are available on the Air District’s website at:
https://www.baagmd.gov/building-appliances.

The written public comment period for the proposed amendments, Draft EIR, and related
materials was open from December 20, 2022, until February 6, 2023. Air District staff received
letters from 565 commenters. A total of 29 of the comments were from organizations,
companies, manufacturers, utilities, labor unions, government agencies, and advocacy groups.
The remainder of the comments were made by members of the public. A total of 404 out of the
565 comments received were in support of the proposed rule amendments. A few of the
comment categories in support of the proposed amendments consisted of reducing harmful
pollutants in the air, promoting healthier communities and combatting the long-term impacts of
climate change. Some of the comment categories in opposition of the proposed amendments
consisted of concerns surrounding cost, grid capacity and reliability, and emergency
replacements. Air District staff prepared a response to comments document for all comments
received during the written comment period and can be referenced in the Appendix section of the
Staff Report.

DISCUSSION

Proposed Amendments to Rules 9-4 and 9-6

The proposed amendments to Rules 9-4 and 9-6 include the introduction of a zero NOx
emissions standard for natural gas-fired furnaces and water heaters sold and installed in the Bay
Area. Zero NOx space and water heating technologies currently exist, but they are limited in
availability and can be expensive to install in existing buildings. Equipment availability is
projected to increase, and costs are expected to decrease in the coming years. As such, staff is
proposing a longer-term compliance date of 2027 to 2031, dependent on equipment type, use and
size. Additional updates to the proposed rule amendments include the introduction of an ultra-
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low NOx standard for natural gas-fired furnaces starting in 2024, as well as additional updates to
definitions, testing and certification requirements and other clarifications. Both Rules 9-4 and 9-6
currently apply only to new devices and only to natural gas-fired devices, and Air District staff is
not proposing to change these provisions of the rules. The proposed ultra-low and zero NOx
standards would apply to appliance retailers, wholesalers and installers and would affect Bay
Area consumers at the point in time when they install a new appliance or replace their existing
furnaces and water heaters.

The proposed amendments include a commitment from Air District staff to re-evaluate the
availability and accessibility of zero NOx solutions in closer proximity to the compliance date
through an interim reporting process. The interim reports are intended to update the Air District
Board of Directors on relevant market changes and ensure equitable outcomes in the
implementation of the proposed standards. Air District staff intends for this proposed future-
effective rule standard to provide manufacturers, suppliers, and consumers with a sufficient
planning horizon for the proliferation of zero NOx appliances into the market while realizing
emissions reductions and positive health outcomes as soon as practicable. While the proposed
rule amendments do not specify emission control methods to meet the zero NOx standards, the
appliances currently available on the market that do not emit NOx largely use electric heat pump
technology. It is possible that natural gas-fired appliances could also be designed to emit zero
NOx in compliance with the proposed rules. However, because electric heat pump technology is
the only currently available technology that emits zero NOx in alignment with the proposed
rules, staff assumes for purposes of the analysis presented in the associated Staff Report and
DEIR that if the proposed rules are adopted, consumers will replace natural gas-fired appliances
with electric appliances upon rule implementation.

Implementation Working Group

If the Board of Directors adopts proposed rule amendments to Rules 9-4 and 9-6, Air District
staff will convene an Implementation Working Group (IWG) to support implementation of the
rules. The purpose of the IWG is to provide input to Air District staff’s periodic reports to the
Board of Directors on the implementation of the Building Appliances Rules and to provide the
Air District staff with insights on the technical readiness of the market and equitable transition to
compliant appliances, as to not unduly burden any income class or professional group. As such,
the IWG will provide a forum to discuss technical and equity aspects of implementing the
Building Appliances Rules.

The IWG will comprise up to approximately 35 members representing a variety of stakeholder
segments. To appropriately account for the broad range of subject matters, questions, and
concerns that may arise, the IWG will also include the following subcommittees: a Technical
Subcommittee and a Community/Equity Subcommittee. The inclusion of a Steering Committee
will ensure the goals of the IWG, including both subcommittees, are attained in an effective,
efficient, and equitable manner. The IWG will be led by the Air District with the assistance of a
contracted facilitator.
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Socioeconomic Impacts

The Air District evaluated the socioeconomic impacts of the proposed new rule and amendments,
as required by Health and Safety Code Section 40728.5. The Socioeconomic Impact Analysis
considers the impacts of the rule or regulation on employment and the economy of the region
affected by the adoption of the rule or regulation.

The proposed amendments may result in socioeconomic impacts due to increased consumer
appliance replacement costs and resultant shifted spending patterns. The cost effectiveness
associated with the proposed rule amendments ranges from $54,100 per ton of NOx emissions
reduced to $594,000 per ton of NOx emissions reduced as multiple emissions standards are
included in the proposed rule amendments.

Air Quality and Health Benefits

The proposed rule amendments are expected to have significant emissions benefits. This includes
NOx reductions, which are a direct result of the proposed amendments to emission standards, as
well as a variety of co-benefits including reducing peak ozone levels, secondary particulate
matter formation, greenhouse gas emission reductions and health benefits from reductions in
secondary and primary particulate matter. Potential net NOx emissions reductions that could
result from full implementation of the proposed rule amendments are estimated to be 3,236 tons
NOx per year.

In terms of health benefits, the proposed amendments will result in reductions in NOx emissions
and reductions in secondary fine PM (PM, 5) across the Bay Area. These reductions in secondary
PM, 5 avoid an estimated 23 to 52 deaths per year and about 71 new cases of asthma per year.
Reductions in total PM, 5 attributable to the targeted appliances, including reductions in primary

PMj; 5 from adoption of electric appliances, would avoid an estimated 37 to 85 premature deaths
per year and about 110 new cases of asthma each year. The valuations of the health impacts from

total PM, 5 were estimated to be between 400 to 890 million U.S. dollars annually.

As discussed in the Staff Report, the proposed amendments to Rule 9-4 and Rule 9-6 are needed
to ensure attainment and maintenance of ambient air quality standards for ozone and particulate
matter in the Bay Area. These emissions also result in PM exposures in communities throughout
the Bay Area, which can contribute to a number of adverse health outcomes, including premature
deaths. In addition, the health impact modeling described in the Staff Report indicates that
communities of color are disproportionately impacted by pollution from building appliances. The
proposed amendments to Rule 9-4 and Rule 9-6 would achieve these needed reductions in
emissions and pollutant exposures and would yield substantial health benefits in these
communities and throughout the Bay Area.

Based on evidence presented in the Staff Report, Air District staff believes that the proposed
amendments are necessary for achieving its goal to create a healthy breathing environment for
every Bay Area resident while protecting and improving public health, air quality and the global
climate.
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Environmental Impacts

Pursuant to the California Environmental Quality Act (CEQA), the Air District published a
Notice of Preparation and Initial Study (NOP/IS) in anticipation of a Draft Environmental Impact
Report (DEIR) for proposed amendments to Rule 9-4 and Rule 9-6 on May 19, 2022, and a
CEQA scoping meeting was conducted on June 9, 2022. Following the release of the NOP and
IS, Air District staff also determined that impacts related to aesthetics and noise should also be
further evaluated in the DEIR.

The DEIR for the proposed amendments to Rules 9-4 and 9-6 was published on December 20,
2022 for public review and comment (State Clearinghouse Number 2022050430). The DEIR
concluded that impacts associated with Utilities and Service Systems would be potentially
significant and unavoidable under the assumption that the replacement of existing natural gas-
fired space and water heating appliances over time could result in increased energy demand
beyond the existing grid capacity if these existing appliances are replaced with electric
appliances. The DEIR also concluded that impacts associated with noise would be potentially
significant and unavoidable due to the potential operational noise impacts associated with certain
zero NOx equipment. Lastly, the DEIR found that impacts to aesthetics, air quality, and
greenhouse gas emissions and climate change would be less than significant.

Staff additionally notes that the EIR finds significant improvements to regional air quality and
public health while also achieving co-beneficial greenhouse gas reductions. Should the Board of
Directors adopt the proposed rule amendments and certify the Final EIR, it will also adopt a
Statement of Overriding Considerations which explains its reasoning as to why the beneficial
aspects of the rule outweigh unavoidable environmental impacts.

BUDGET CONSIDERATION/FINANCIAL IMPACT

Staff anticipates that the proposed amendments to Rules 9-4 and 9-6 will require additional staff
time and resources in a number of areas.

The enforcement of the zero NOx standard is anticipated to result in increased staffing needs for
the Compliance and Enforcement Division. In order to process certifications for compliant
equipment and ensure point of sale compliance with the proposed ultra-low NOx requirements,
staff anticipates the need to allocate 0.5 full-time equivalent (FTE) starting in 2024. To ensure
compliance with the proposed zero NOx requirements, staff anticipates an ongoing need for one
additional FTE in the Compliance and Enforcement Division starting in 2027.

Additionally, implementation of the proposed rule amendments will require ongoing support
from Rules and Strategic Policy Division and Planning and Climate Protection Division staff to
facilitate and participate in the Implementation Working Group and prepare the Interim Reports.
Staff anticipates that the combined workload between these two divisions will amount annually
to one FTE starting in 2023.
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Respectfully submitted,

Philip M. Fine
Executive Officer/APCO

Prepared by: Jennifer Elwell / Eric Lara
Reviewed by: Elizabeth Yura / Victor Douglas
ATTACHMENTS:
1. Final Staff Report: Proposed Amendments to Building Appliance Rules-Regulation 9, Rule
4 and Rule 6

2. Appendix A: Draft Proposed Amendments to Rule 9-4 - Redlined Version
. Appendix B: Draft Proposed Amendments to Rule 9-6 - Redlined Version

4. Appendix C: Socioeconomic Impacts Analysis Report of Proposed Amendments to Rule 9-
4 and 9-6

5. Appendix D: Electric Infrastructure Impacts from Proposed Zero NOx Standards

6. Appendix E: Assessing Ambient Air Quality and Health Impacts from Natural Gas
Building Appliances in the Bay Area
7. Appendix F: Exposure and Equity Assessment of Natural Gas Appliances in the
San Francisco Bay Area
8. Appendix G: Draft Environment Impact Report - Prepared by Ascent Environmental
9. Appendix H: Appliance Rules Response to Comments
10. Appendix H: Attachment 2: All Comments
11. BAAQMD Rule Amendments: Final Environmental Impact Report
12. Draft Board Resolution for Proposed Amendments to Regulation 9-4 and 9-6
13. Resolution Attachment A: Draft Amendments Rule 9-4
14. Resolution Attachment B: Draft Amendments Rule 9-6

15. Resolution Attachment C: Draft CEQA Findings and Statement of Overriding
Considerations

(98]
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FINAL STAFF REPORT

PROPOSED AMENDMENTS TO BUILDING APPLIANCE RULES -
REGULATION 9, RULE 4: NITROGEN OXIDES FROM FAN TYPE
RESIDENTIAL CENTRAL FURNACES AND RULE 6: NITROGEN

OXIDES EMISSIONS FROM NATURAL GAS-FIRED BOILERS AND

WATER HEATERS

March 2023
Prepared By
Jennifer Elwell
Senior Air Quality Engineer
and

Eric Lara
Senior Air Quality Specialist
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I EXECUTIVE SUMMARY

The Bay Area Air Quality Management District (‘BAAQMD” or the “Air District”) staff is
proposing amendments to two Air District rules: Regulation 9, Rule 4: Nitrogen Oxides from
Fan Type Residential Central Furnaces (“‘Rule 9-4”) and Regulation 9, Rule 6: Nitrogen Oxides
Emissions from Natural Gas-Fired Boilers and Water Heaters (“Rule 9-6”) to support
improvements to regional ambient air quality and health outcomes. Rule 9-4 currently applies to
the natural gas-fired space-heating furnaces commonly found in single-family homes and Rule
9-6 applies to natural gas-fired water heaters commonly found in residential and commercial
applications. These sources generate a substantial portion of nitrogen oxides (NOx) emissions
from sources in the Bay Area.

Exposure to NOx and their atmospheric reaction products can greatly impact health. Breathing
air with a high concentration of NOx can irritate airways in the human respiratory system. Such
exposures over short periods can aggravate respiratory diseases, particularly asthma, leading
to respiratory symptoms (such as coughing, wheezing or difficulty breathing), hospital
admissions and visits to emergency rooms. Longer exposures to elevated concentrations of
NOx may contribute to the development of asthma and potentially increase susceptibility to
respiratory infections. People with asthma, as well as children and the elderly are generally at
greater risk for the health effects of NOx.
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Nitrogen oxides react with other chemicals in the air to form both fine particulate matter (PM,s)
and ozone (O3). Both of these pollutants are harmful when inhaled. The Bay Area does not
currently attain all state and national ambient air quality standards for particulate matter, and
further reductions of particulate matter emissions are needed for attainment and maintenance of
the standards. The District-wide health benefits of attaining and maintaining compliance with the
PM, s ambient air standards are significant. PM, 5 has been linked to a broad range of health
effects, including premature mortality, adverse respiratory health effects, cardiovascular
diseases, impacts to cognitive function, and cancer.’ The Air District's Advisory Council has
determined that PM is “the most important health risk driver in Bay Area air quality,” and that
reductions in PM levels are needed to achieve further clean air and public health benefits.?

The PM, 5 from gas-fired building appliances that impacts human health is composed of both
directly emitted PM, 5 (“primary PM, 5") and PM, 5 that later forms in the atmosphere from
chemical reactions with NOx (“secondary PM,5”). Reducing emissions of NOx from these
sources would specifically reduce total exposures to the secondary PM, s component.
Replacement of these sources with electric appliances (see below) would also reduce total
exposures to the primary component. Modeling indicates that both components
disproportionately impact residents of color throughout the nine Bay Area counties. Reducing
emissions of NOx from these sources will reduce the formation of and exposure to secondary
PM, thus improving health and saving lives, especially those most impacted by air pollution.

The proposed amendments to Rules 9-4 and 9-6 include the introduction of a zero NOx
emissions standard for natural gas-fired furnaces and water heaters sold and installed in the
Bay Area. Zero NOx space and water heating technologies currently exist, but they are limited
in availability and can be expensive to install in existing buildings. Equipment availability is
projected to increase, and costs are expected to decrease in the coming years. As such, staff is
proposing a longer-term compliance date of 2027 to 2031, dependent on equipment type, use
and size.

Other updates to the proposed rule amendments include the introduction of an ultra-low NOx
standard to Rule 9-4 starting in 2024 as well as additional updates to definitions, testing and
certification requirements and other clarifications. Both Rules 9-4 and 9-6 currently apply only to
new devices and only to natural gas-fired devices, and Air District staff is not proposing to
change these provisions of the rules. The proposed ultra-low and zero NOx standards would
apply to appliance retailers, wholesalers and installers and would affect Bay Area consumers at
the point in time when they install a new appliance or replace their existing furnaces and water
heaters. The proposed amendments include a commitment from District staff to re-evaluate the
availability and accessibility of zero NOx solutions in closer proximity to the compliance date
through an interim reporting process. The interim reports are intended to update the Air District
Board of Directors on relevant market changes and ensure equitable outcomes in the
implementation of the proposed standards.

District staff intends for this proposed future-effective rule standard to provide manufacturers,
suppliers, and consumers with a sufficient planning horizon for the proliferation of zero NOx
appliances into the market while realizing emissions reductions and positive health outcomes as
soon as practicable. While the proposed rule amendments do not specify emission control

TUS EPA, 2019. Integrated Science Assessment (ISA) for particulate matter (final report, Dec 2019). US
Environmental Protection Agency, Washington, DC. Publication No: EPA/600/R-19/188.

2 BAAQMD, 2020. Advisory Council Particulate Matter Reduction Strateqy Report. December. See also:
BAAQMD, 2017. Final 2017 Clean Air Plan: Spare the Air — Cool the Climate. April.
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methods to meet the zero NOx standards, the appliances currently available on the market that
do not emit NOx largely use electric heat pump technology. Natural gas-fired appliances could
also be designed to emit zero NOx in compliance with the proposed rules. However, because
electric heat pump technology is the only currently available technology that emits zero NOx in
alignment with the proposed rules, staff assumes for purposes of the analysis presented in this
Report that if the proposed rules are adopted, consumers will replace natural gas-fired
appliances with electric appliances upon rule implementation. The emissions benefits, costs
and potential environmental impacts analyzed throughout this Staff Report assume appliance
replacement with electric heat pump technology except where otherwise noted. Generally, this
assumption provides a “worst case” conservative estimate of emissions reductions, costs, and
environmental impacts of the proposed amendments for the Board and public’s consideration.

The proposed rule amendments are expected to have significant emissions benefits. This
includes NOx reductions, which are a direct impact of the proposed amendments to emission
standards, as well as a variety of co-benefits including reducing peak ozone levels, secondary
particulate matter formation, greenhouse gas emission reduction and health benefits from
reductions in secondary and primary particulate matter. Potential net NOx emissions reductions
that could result from full implementation of the proposed rule amendments are estimated to be
3,236 tons NOx per year.

In terms of health benefits, the proposed amendments will result in reductions in NOx emissions
and reductions in secondary PM, 5 across the Bay Area. These reductions in secondary PM, 5
avoid an estimated 23 to 52 deaths per year and about 71 new cases of asthma per year.
Reductions in total PM, 5 attributable to the targeted appliances, including reductions in primary
PM, s from adoption of electric appliances, would avoid an estimated 37 to 85 premature deaths
per year and about 110 new cases of asthma each year. The valuations of the health impacts
from total PM, s were estimated to be between 400 to 890 million U.S. dollars annually.

The proposed rule amendments may result in potentially significant environmental impacts.
There may be a significant impact on utility resources due to potential increases in electricity
demand from uptake of electric appliances in response to the proposed zero NOx emissions
standard, based on currently available zero NOx technology. The significance of these potential
impacts to electric generation and delivery demands were evaluated based on two reference
scenarios; the impacts vary depending on what actions the State takes to meet its climate goals.
Operation of electric appliances may also cause a significant noise impact in certain areas of
the Bay Area, as electric heat pump technology may require outdoor installation of condensing
units that make noise similar to air conditioning units. These potential impacts are discussed in
the Draft Environmental Impact Report associated with this Staff Report.

The proposed amendments may also result in socioeconomic impacts due to increased
consumer appliance replacement costs and resultant shifted spending patterns. The cost
effectiveness associated with the proposed rule amendments ranges from $54,100 per ton of
NOx reduced to $594,000 per ton of NOx reduced as multiple emissions standards are included
in the proposed rule amendments.

As discussed above and throughout this Report, the proposed amendments to Rule 9-4 and
Rule 9-6 are needed to ensure attainment and maintenance of ambient air quality standards for
ozone and particulate matter in the Bay Area. These emissions also result in PM exposures in
communities throughout the Bay Area, which can contribute to a number of adverse health
outcomes, including premature deaths. In addition, the health impact modeling described in this
report indicates that exposures associated with emissions from building appliances are not
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distributed equally amongst different communities and race/ethnicity groups. The proposed
amendments to Rule 9-4 and Rule 9-6 would achieve these needed reductions in emissions and
pollutant exposures throughout the Bay Area and would yield substantial health benefits in
these communities and throughout the jurisdiction of the Air District.

Based on evidence presented in this Staff Report, Air District staff believes that the proposed
amendments are necessary for achieving its goal to create a healthy breathing environment for
every Bay Area resident while protecting and improving public health, air quality and the global
climate. This Report presents potential impacts, including potentially significant environmental
impacts, for the Board of Director’s consideration in adoption of the amendments. Staff believes
that the air quality and public health benefits presented demonstrate the value and necessity of
the proposed rule amendments despite these potential impacts.

Air District staff recommends adoption of the proposed amendments to Rule 9-4 and Rule 9-6
and certification of the Final Environmental Impacts Report, and adoption of the accompanying
CEQA Findings and a Statement of Overriding Considerations. Air District staff released this
Staff Report and proposed amendments to Rules 9-4 and 9-6 for public review and comment on
December 20, 2022. This release opened a public comment period that ended on February 6.
2023, during which staff received over 500 comment letters representing a wide range of
perspectives. Over 400 of the correspondence expressed strong support for the adoption of the
proposed amendments. Other comments raised concerns including, but not limited to, the cost
of compliance, environmental impacts of the proposal, electric grid capacity and reliability, and
the possibility for emergency replacements.

Staff will present a final proposal to the Air District Board of Directors for their consideration at a
Public Hearing. At the Public Hearing, the Air District Board of Directors will consider the final
proposal and receive public input before taking action.

. BACKGROUND

The proposed rule amendments would be the first of their kind, introducing zero NOx
requirements for furnaces and water heaters installed in buildings. The appliances covered by
the proposed standards currently emit more NOx emissions than passenger vehicles in the Bay
Area. Through NOx reductions, the Bay Area will also see ozone and secondary particulate
matter formation reductions, which will assist in achieving ambient air quality standards and vital
health benefits. If electric appliances are installed upon implementation of the proposed rule
amendments, the proposal would indirectly achieve greenhouse gas and primary particulate
matter reductions as co-benefits.

Nitrogen oxides are compounds that are considered “criteria air pollutants” and which
contribute to the formation of other air pollutants such as fine particulate matter (PM,5) and
ozone (O3). Nitrogen oxides are formed during combustion processes. Nitrogen and oxygen
present in the ambient air react at the high temperatures of combustion to form nitric oxide (NO)
and nitrogen dioxide (NO,), collectively referred to as NOx. These compounds can further react

3 Criteria pollutants are particulate matter, photochemical oxidants (including ozone), carbon monoxide,
sulfur oxides, nitrogen oxides and lead. US EPA calls these pollutants “criteria” air pollutants because it
sets national ambient air quality standard (NAAQS) for them based on the criteria, which are
characterizations of the latest scientific information regarding their effects on health or welfare.
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in the ambient air with other compounds in the presence of sunlight to form other air pollutants.
Nitrogen oxides can form fine particulate matter (PM, 5) when reacting with either ammonia to
form ammonium nitrate (NH;NO3) or with sulfur dioxide to form ammonium sulfate ((NH4),SOy,).
Nitrogen oxides can also react with reactive organic gases (ROG) in the atmosphere to form
ozone.

Rule 9-4 currently imposes a NOx emission limit on centralized natural gas-fired furnaces that
are typically used in single-family homes and some multi-unit dwellings. Rule 9-6 currently sets
NOx emission standards for small boilers and water heaters, with existing standards varying
based on size and equipment application. Note that larger boilers used in industrial, institutional,
and large commercial scenarios are generally subject to Regulation 9, Rule 7: Nitrogen Oxides
and Carbon Monoxide from Industrial, Institutional and Commercial Boilers, Steam Generators
and Process Heaters (“Rule 9-7”). Equipment subject to Rule 9-7 is not impacted by this
proposed rule amendment package.

A. Industry Description

Proposed amendments to Rules 9-4 and 9-6 would impact natural gas-fired space and water
heating appliances. These include furnaces and water heaters used in single family homes,
multifamily residences such as apartment buildings, and commercial spaces such as retail and
office buildings. The Air District regulates these sources on an appliance point-of-sale basis,
requiring that equipment manufactured after the compliance date and sold or installed within the
geographical jurisdiction of the Air District meets the standards contained in the Rules. The
proposed amendments would apply to applicable appliances regardless of the type or age of the
building in which it will be used.

Appliances covered under the proposed rule amendments are manufactured by a large number
of corporations. Some of these companies focus on either space or water heating, while some
manufacture appliances for a variety of uses. Similarly, some manufacturers focus on one fuel
type, such as natural gas, while many manufacture both natural gas and electric-powered
devices. No manufacturing operations for space and water heating appliances take place in the
Bay Area. Manufacturers who wish to sell their appliances in the Bay Area must submit
compliance certifications for their appliances to the Air District under the current rules and the
proposed rule amendments.

Space and water heating appliances are obtained by property owners through either retail
locations or distributors that contract directly with construction firms or other installers.
Compliance with existing Rule 9-4 and 9-6 is, and will continue to be, enforced through
compliance visits at retail and other distribution locations to ensure that all appliances being
offered for sale within the Air District meet the standards of the Rules.

B. Regulatory History

The Air District has regulated NOx emissions from space and water heating appliances for
several decades. Rule 9-4 for furnaces was first adopted in 1983, with this version of the rule
still in place. Rule 9-6 was first adopted in 1992 and was most recently updated with more
stringent NOx emissions standards for certain equipment in 2007. All versions of these rules
have included a NOx emissions standard expressed as nanograms (ng) of NOx per joule of
useful heat delivered by the appliance. The Air District's 2017 Clean Air Plan identifies the
importance of nitrogen oxide emission reductions from residential space heating appliances in
measure SS30.

Proposed Amendments to Rules 9-4 and 9-6 Page 5 March 2023
Final Staff Report

Page 20 of 1403



Additionally, the South Coast Air Quality Management District (SCAQMD) and the San Joaquin
Valley Unified Air Pollution Control District (SJVUAPCD) have adopted their own regulations
that are similar in structure to Rules 9-4 and 9-6. SCAQMD Rule 1111 and SUVUAPCD Rule
4905, which are similar in applicability to Rule 9-4 for furnaces, have been updated within the
last 10 years and currently require a NOx emissions standard of 14 ng/J, the same near-term
standard that is included in the proposed amendments. Rule 9-6 for water heaters and small
boilers currently contain NOx emissions standards equivalent to those in SCAQMD Rules
1146.2 and 1121 and SJVUAPCD Rules 4308 and 4902 for similar equipment.

Outside of California Air Districts, local jurisdictions across the country have implemented
similar regulation of NOx emissions from building appliances. For example, the Texas
Commission on Environmental Quality implemented water heater NOx limits in 2000,* and the
Utah Department of Environmental Quality introduced them in 2015.5

C. Active Rule Development

In addition to historical rule development efforts, Air District staff has been tracking active rule
development efforts related to building appliances. In 2022, both the California Air Resources
Board (CARB) and SCAQMD have signaled their intent to initiate rule development efforts to
impose regulatory standards for building appliances.

In the SCAQMD Draft 2022 Air Quality Management Plan, the SCAQMD describes its intent to
initiate rule amendments (or possibly new rules) to introduce zero NOx emissions standards for
space and water heating appliances and potentially other classes of appliances.®

CARB is focused on regulating greenhouse gas emissions under its authority granted by
Assembly Bill 32. CARB is planning to phase out natural gas-fired appliances entirely, as a way
to reduce greenhouse gas emissions from these appliances. In the Draft 2022 Scoping Plan
Update, CARB lays out a plan for phasing out the installation of natural gas-fired appliances in
new buildings by 2029, existing residential buildings by 2035 and existing commercial buildings
by 2045.7 Although these regulations do not address NOx emissions directly, they will have a
NOx-reduction co-benefit by eliminating natural gas combustion as they move the state to all-
electric appliances.

Numerous municipalities in the Bay Area are instituting “reach codes” under which new
construction must be all electric or electric-ready. State building codes, effective in 2023, that
encourage the proliferation of zero emissions solutions, were passed by the California Energy
Commission in the summer of 2021. These standards have greatly increased the proliferation of
zero NOx electric solutions over the past five years, a trend that is only expected to accelerate.

Despite the differences in timelines and in regulatory focus of these efforts being explored by
SCAQMD, CARB and elsewhere, Air District staff sees these efforts as complementary to the
proposed rule amendments, particularly with District goals around affordability and accessibility

430 Tex. Admin. Code § 117.3200 to .3215

5 Utah Admin. Code R307-230-5

6 Draft 2022 Air Quality Management Plan. South Coast Air Quality Management District.
http://www.agmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2022-air-quality-
management-plan/combined-residential-and-commercial-buildings-appliance.pdf?sfvrsn=8

7 Draft 2022 Scoping Plan Update. May 10, 2022. https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-

draft-sp.pdf
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of zero NOx appliances to all consumers. Air District staff will continue to communicate with
other agencies on issues related to the proposed rule amendments. The interim reporting
process proposed as part of the rule amendments also allows Air District staff to continue to
track the progress of these projects and suggest any alignment strategies, as appropriate, for
consideration by the Air District's the Board of Directors. See Section III.C for more information
on the proposed interim reporting requirements and Section 1X.C for more information on the
implementation working group.

lll. PROPOSED RULE AMENDMENTS

Air District staff is presenting proposed amendments to Rules 9-4 and 9-6 in this Staff Report
that staff believes best represents significant achievable NOx emissions reductions from the
largest sources within the building sector. These proposed amendments include, for Rule 9-4,
introducing an “ultra-low” NOx standard with a compliance date in 2024, and for both Rules 9-4
and 9-6, setting a zero NOx standard with compliance dates ranging from 2027 to 2031 based
on equipment type, use and size. The details of these amendments are discussed below.

A. Proposed Amendments to Rule 9-4

Proposed amendments to Rule 9-4 are included in this report as Appendix A. The key changes
are summarized below.

1. Rule Title and Equipment Scope

Rule 9-4 is currently titled “Nitrogen Oxides from Fan-Type Residential Central Furnaces.” To
expand the applicability of this rule to a larger breadth of space heating appliances, the
proposed amendments would change the name to “Nitrogen Oxides from Natural Gas-Fired
Furnaces.” Existing requirements for residential fan-type furnaces will remain and additional
units not historically covered by the rule are only intended to be subject to the zero NOy
emission standard in proposed new Section 9-4-301.3. Staff differentiates this through the
addition of a definition for “Natural Gas-Fired Fan Type Central Furnace” and specifying where
the standards are more broadly applicable to space heating equipment that does not meet the
fan type central specifications. The proposed rule amendments also include a new applicability
section to clarify that the rule applies only to natural gas-fired furnaces.

2. Applicability

The proposed amendments include a section that addresses to whom this rule would apply.
Section 9-4-102 clarifies that the emissions standards of the rule would apply to any person who
sells, offers for sale, or installs natural gas-fired furnace in the Air District. The rule also has
requirements for manufacturers who intend to sell or distribute for sale or installation a natural
gas-fired furnace for use within the Air District. These manufacturers would be subject to
certification requirements that would demonstrate the furnaces for use within the Air District
meet the emissions standards in Section 9-4-301.

3. Definitions

For clarity and enforceability, proposed amendments include the addition of definitions for
British Thermal Unit (BTU), Heat Input, Natural Gas, Natural Gas-Fired Fan Type Central
Furnace, Natural Gas-Fired Furnace, and Nitrogen Oxides.
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4, Standards

The proposed amendments to Section 9-4-301 would clarify emissions standards, including
existing requirements for residential fan-type central furnaces in the current version of the Rule
(§ 9-4-301.1). Section 9-4-301.2 is added to introduce the “ultra-low NOX” requirement (14
ng/J) on January 1, 2024, to align with SCAQMD and SJVUAPCD emissions standards and
would begin to achieve NOx reductions and health benefits shortly after rule adoption. As
proposed, this requirement would only be applicable to fan-type central furnaces historically
covered by Rule 9-4, as defined in the proposed amendments.

The proposed rule amendments include the addition of new Section 9-4-301.3 to introduce the
zero NOx standard and expand the types of equipment subject to the standard. As proposed,
the zero NOx standard is proposed to take effect on January 1, 2029, and would apply to all
residential and commercial space heating appliances that meet the definition of a “Natural Gas-
Fired Furnace” under proposed Section 9-4-206. This includes wall heating and other direct-
vent units. This requirement would not be applicable to furnaces used in mobile homes. The
proposed standard is intended to result in significant regional NOx (and therefore ozone and
secondary PM) emission reductions in the long term. The standard is proposed to take effect in
2029 based on staff’s current understanding of available technology, accessibility, and
affordability of zero NOx units and planned industry technology development to reduce these
current barriers to an immediate effective date, as discussed in more detail in Section IV.D. The
standard would apply when appliances are replaced upon burnout; only appliances that meet
the new standard could be sold and installed in the Bay Area upon implementation.

5. Administrative Requirements

The proposed amendments include updates and clarifications to certification and calculation
methods. Staff intends for dual-fuel units that can demonstrate compliance with the applicable
NOx standard, on average, to be able to meet the standards and certification requirements of
these rule amendments. Rule 9-4 additionally requires the completion of a compliance
statement for recordkeeping purposes and the proposed amendments would add a provision to
this section to allow for the submission of compliance statements issued by SCAQMD for
equivalent emission standards.

The proposed amendments include the addition of an interim report to be brought to the Board
of Directors by the Air Pollution Control Officer (APCO) two years prior to the compliance date
for the zero NOx standard. Staff intends for this report to provide information to the Board and
the public about the accessibility of zero NOx appliances to Bay Area residents and to allow the
Board of Directors an opportunity to take any necessary action in response to this information.
Contents of this report would include information on technology development, market availability
of zero NOx space heating appliances, potential costs of compliance, infrastructure readiness,
and availability of incentive programs to decrease these costs.

6. Manual of Procedures

The proposed amendments include the addition of a Manual of Procedures (MOP) section to
add further clarity around equipment certification and determination of emissions through source
tests conducted in accordance with Environmental Protection Agency (EPA) reference methods.
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B. Proposed Amendments to Rule 9-6

Proposed amendments to Rule 9-6 are included in this report as Appendix B. The key changes
are summarized below.

1. Rule Applicability

The proposed amendments include a section that addresses to whom this rule would apply.
Section 9-6-102 clarifies that the rule would apply to any person who sells, offers for sale, or
installs natural gas-fired water heaters in the Air District. The rule also has requirements for
manufacturers who intend to sell or distribute for sale or installation a natural gas-fired water
heater for use within the Air District. These manufacturers would be subject to certification
requirements that would demonstrate the water heaters for use within the Air District meet the
emissions standards found in Section 9-6-301.

2. Standards

The proposed amendments to Rule 9-6 include the introduction of a zero NOx standard for
natural gas-fired residential and commercial water heaters and boilers. The proposed
compliance dates for these appliances are dependent on equipment size. Units under 75,000
BTU/hour (typically single-family residential) would be required to comply by 2027 and larger
units up to 2 million BTU/hour (typically used in multifamily and commercial buildings) would
have a 2031 compliance date as proposed. Based on staff’'s current understanding of available
zero NOx technologies and market development, staff anticipates that zero NOx solutions for
single-family residential applications will be available and affordable on a shorter timeframe than
larger boilers used in multifamily and commercial applications, as discussed in more detail in
Section IV.D. This includes the development of lower voltage heat-pump water heaters that will
lower cost barriers associated with potentially necessary electric upgrades. The standard would
apply when appliances are replaced upon burnout; only appliances that meet the new standard
could be sold and installed in the Bay Area upon implementation.

The proposed rule amendments also include updates throughout the standards section intended
to clarify and streamline the requirements as well as align with similar requirements in rules
issued by other air districts and those currently incorporated into to the State Implementation
Plan. This includes clarifications to how the equipment size standards are framed as well as a
focus on weight-based emissions of NOx over parts per million.

3. Administrative Requirements

Section 9-4-402 of the proposed amendments has been updated to simplify the certification
requirements and decrease the amount of APCO discretion allowed in the issuance of a
certification under the rule. The new language is intended to align more closely with that in Rule
9-4 and to allow for a more streamlined process of a manufacturer certified compliance
statement over an application.

As in Rule 9-4, proposed amendments to Rule 9-6 include an Interim Report to be brought to
the Board by the APCO at least two years prior to each of the compliance dates for the zero
NOy standards. Staff intends for these reports to provide information to the Board and the public
about the accessibility of zero NOx appliances to Bay Area residents and to allow the Board of
Directors an opportunity to take any necessary action in response to this information. Contents
of this report would include information on technology development, market availability of zero
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NOx water heating appliances, potential costs of compliance, infrastructure readiness, and
availability of incentive programs to decrease these costs.

4, Manual of Procedures

For clarity and consistency with the Air District's Manual of Procedures, references to Test
Method ST-13B have been removed from Section 9-6-601.2. As in Rule 9-4, EPA Reference
Method 7 should be used to measure emissions of nitrogen oxides from applicable equipment.
In order to align with rules present in the State Implementation Plan, reference to South Coast’s
1995 protocol has been removed in favor of approved EPA testing methodologies.

C. Interim Report and Implementation Working Group

As described above, the proposed amendments to Rules 9-4 and 9-6 include a requirement for
staff to report back to the Air District Board of Directors on key factors associated with
accessibility of technologies that are compliant with or do not conflict with the zero NOx
standards. These reports are required to take place no later than two years before compliance
dates. Therefore, the proposed schedule of zero NOx compliance and associated interim
reporting is shown in Table 3-1 below.

Table 31
Zero NOx Compliance and Interim Reporting Schedule

Rule Applicable Equipment Ultra-low NOx Zero NOx Interim Report
compliance Date | Compliance Date | Deadline
9-4 Natural gas-fired fan type Jan. 1, 2024 N/A N/A
central furnaces
9-6 Water heaters and boilers N/A Jan. 1, 2027 Jan. 1, 2025
below 75,000 BTU/hr
94 All natural gas-fired N/A Jan. 1, 2029 Jan. 1, 2027
furnaces (heat input rate less
than 175,000 BTU/hr)
9-6 Water heaters and boilers N/A Jan. 1, 2031 Jan. 1, 2029
between 75,000 and 2 million
BTU/hr

The content of the interim reports will additionally be informed by an Implementation Working
Group of external stakeholders that will be convened and led by Air District staff and facilitated
by a third-party consultant. The membership, intent and scope of the Implementation Working
Group and their contributions to the interim reporting process is discussed further in Section

IX.C.

IV.

TECHNOLOGY EVALUATION

As described above, the interim reporting process and Implementation Working Group provides
a mechanism for Air District Staff to report back to the Board on technology available to
consumers that aligns with the proposed rule amendments. This section serves to provide
information on the current state of technology availability, at the time of this report, as a
baseline. Other accessibility factors to be addressed in the Interim Reports are also addressed
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here including economic impacts (Section VI and Appendix C) and potential infrastructure
impacts (Appendix D).

A. Zero NOx Natural Gas Systems

No zero NOx natural gas furnace or water heater systems are currently available, and no
residential/commercial systems are being developed, to the knowledge of Air District staff. This
assumption and any technology development will be updated through the interim reporting
process to the Board of Directors and the Implementation Working Group. While not currently
utilized in residential and commercial building appliances, zero NOx burners have been
achieved in industrial settings using catalytic heat® and flameless, high air flow burners,® both of
which realize zero NOXx results by keeping the temperature of the combustion chamber below
that at which NOx is formed. Additionally, oxy-combustion in industrial natural gas turbines can
achieve zero NOx results by performing combustion without excess air."°

B. Zero NOx 240 Volt Electric Systems

There are currently a wide variety of zero NOXx electric heat pump water heaters' and heat
pump space conditioning (heating and cooling) systems? available on the market that operate
on a 240-volt circuit. These units begin at low capacities for small apartments and low water
usage but are widely commercially available at sizes equivalent to existing natural gas systems
on the market for installation in residential and commercial spaces. These appliances can also
be supplemented by additional equipment such as circuit sharing devices, smart panels,
residential solar,'® and thermal heat sharing devices'* to optimize operation with limited
amperage impact or during power outages. The potential costs associated with installing these
units, including potential costs associated with electric service upgrades are addressed in the
socioeconomic report for the proposed rule amendments, Appendix C.

C. Zero NOx Low Voltage Electric Systems

A key accessibility factor for installation of zero NOx furnaces and water heaters is the ability to
install a new appliance without the need for significant additional work. For example, the
installation of a 240V heat pump appliance may require electric service upgrades in older
homes. Market availability of 120V heat pump systems provides consumers the ability to install
heat pump appliances without this additional extra work and expense.

8Bruest Natural Gas Line Heaters. June 2020. https://bruestcatalyticheaters.com/wp-
content/uploads/2020/07/Bruest_Brochure  HOTCAT-Natural-Gas-Line-Heaters 6-16-20.pdf

9 Patent Number 9562683. Accessed October 2022. https://patents.justia.com/patent/9562683

10 Oxy-Fuel Turbines. Accessed November 2022. https://www.cleanenergysystems.com/oxy-fuel-turbines
" Energy Star Certified Water Heaters. Accessed November 2022.
https://www.energystar.gov/productfinder/product/certified-water-heaters/results

2 Energy Star Certified Central Heat Pumps. Accessed November 2022.
https://www.energystar.gov/productfinder/product/certified-central-heat-pumps/results

13 Peninsula Clean Energy. Design Guidelines for Home Electrification. Accessed March 2023.
https://www.peninsulacleanenergy.com/wp-content/uploads/2023/02/Design-guidelines-for-home-
electrification-v021023.pdf

14 Harvest Thermal. Product. Accessed March 2023. https://www.harvest-thermal.com/product
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Table 4-1, below, contains a subset of commercially available heat pump mini-split systems that
operate on a 120-volt or 15-amp circuit, which is common in older homes. Mini split systems
that are commonly operable on 120V circuits are sized between 9,000 and 12,000 BTU/hour,
which are designed to heat and cool up to 600 square feet. In larger spaces with limited electric
circuit capacity, it is typical to install multiple units and run them as needed when different
spaces are occupied. These smaller solutions also allow for temporary use while a larger
system is being permitted or installed, or, if desired by the building owner, while electric service
is being upgraded to the building to accommodate other new electric uses such as onsite solar
panels or electric vehicle charging.

Table 4-1
120V Heat Pump Mini Split Systems
Manufacturers Model Status

Pioneer WYTO12ALFIM19RL, Commercially available

WYTOO09ALFI19RL (and

others)
Hessaire H12E1 Commercially available
LG LS120HXV2, LS090HXV2 Commercially available
Mitsubishi MZ-JP12WA, MZ-JPOOWA Commercially available
Fujitsu 9RL2, 12RL2 Commercially available

General Electric

AS09CRA, AS12CRA

Commercially available

Senville

LETO series

Commercially available

MRCOOL

DIY-12-HP-115B

Commercially available

LBG Products

LBH12ATO, LBHO9ATO

Commercially available

AUX

Inverter series

Commercially available

Daizuki

DXTH12C416-20

Commercially available

Low voltage heat pump water heaters are also currently under development, with 4 companies
participating in a field study through the Advanced Water Heating Initiative 120-Volt Heat Pump
Water Heater Technology Validation and Commercialization program.' The 120V heat pump
water heater represents a solution for appliance installation in existing buildings without need for
other upgrades, which is especially important in emergency water heater replacement
scenarios. The Advanced Water Heating Initiative’s field study aims to provide data to
manufacturers and electricity providers to understand the operation of these units in practice
and build confidence in consumer satisfaction with their operation.

The first of these units recently became available on the consumer market, the Rheem ProTerra
Plug-In. This unit is a standard footprint tank water heater and requires minimal clearance or
additional venting. Nyle Water Heating Systems is also beginning to roll out consumer literature
on their E8 unit. The E8 is a split heat pump water heater meaning that it is a separate heating
unit that can be hooked up to an existing water heater tank, including tanks that were previously
heated by gas. Both units operate on a 120V or 15-amp circuit and include connectivity
features to assist in energy savings associated with time-of-use energy rates and other demand

5 Advanced Water Heating Initiative 120V Field Study, Accessed November 2022.
https://www.advancedwaterheatinginitiative.org/120v-field-study
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response services. Table 4-2 below summarizes the 120V heat pump water heater systems
included in the field study.

Table 4-2
Units in Advanced Water Heating Initiative 120V Field Study
Manufacturers Model Status

A.O. Smith TBD Active development/Field study
(Announced May 2021)

General Electric TBD Active development/Field study
(Announced May 2021)

Nyle Water Heating Systems E8 Soon to be released/Field study
complete

Rheem ProTerra (Plug-In) Commercially available beginning
September 2022

With the field study ongoing as well as additional regulatory activity, incentive funding and
market development in this space, Air District staff anticipates further development of compliant
options prior to the first zero NOx compliance date on January 1, 2027. This development will
be reported on in the first interim report to the Board of Directors by January 1, 2025.

D. Compliance Dates

Table 4-3 below outlines the zero NOx compliance dates included in the proposed rule
amendments.

Table 4-3
Proposed Zero NOx Compliance Dates

Date Rule Applicable Equipment
Jan. 1, 2027 | Rule 9-6 Water heaters and boilers below 75,000 BTU/hr
Jan. 1, 2029 | Rule 94 All commercial and residential furnaces
Jan. 1, 2031 | Rule 9-6 Water heaters and boilers between 75,000 and 2 million BTU/hr

Generally, while technology currently exists on the market that aligns with the proposed zero
NOx standards today, Air District staff has provided additional time before the proposed
compliance dates in order to increase accessibility and decrease costs of newly installed
appliances for consumers. Additional time allows for further technology development, market
saturation of zero NOx appliances and development of funding mechanisms such as those
provided through the Inflation Reduction Act. A larger discussion of these factors can be found
in Section VI.D (Economic Impacts: Funding and Incentives).

Water heaters and boilers sized 75,000 BTU/hr and below are typically installed in single family
residential and small commercial environments. As outlined above, there are a variety of zero
NOx appliances currently available on the market for this type of equipment, including the
Rheem 120V ProTerra model and other low voltage options that are concluding field testing.
For this reason, Air District staff reasonably expects that additional low voltage solutions will
reach the consumer market with sufficient supply for those customers that require them by
January 1, 2027.
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While low voltage systems exist for space heating on the market currently, they serve mostly
very small units or individual rooms. Additionally, unlike water heaters which can frequently be
replaced in the footprint of an existing natural gas appliance, heat pump space conditioning
equipment may require installation of a condenser or other equipment outdoors. In order to
provide the opportunity for development of additional or improved low voltage solutions as well
as to allow for local jurisdictions such as cities to consider adjusting their setback and permitting
requirements for outdoor installations, Air District staff has proposed a compliance date of
January 1, 2029, for zero NOx furnaces. Air District staff also plans to convene an ongoing
Implementation Working Group to further investigate a number of implementation topics,
including the status of technology development and availability, as well as actions/activities of
local jurisdictions that may pertain to the implementation of the proposed amendments (further
details on the Implementation Working Group can be found in Section IX.C. of this report).

Larger water heaters and boilers (75,000 to 2 million BTU/hr) have a proposed zero NOx
compliance date of January 1, 2031. This is due to the complexities of installations in
multifamily and larger commercial buildings typically served by these units. To the knowledge of
Air District staff, there is still technology development and field testing needed to bring compliant
appliances of this size to market. With initial rule drafts published in 2021 and anticipated rule
adoption in 2023, Air District staff believes that there is sufficient time for this technology
development to occur before 2031 while continuing to prioritize the emission reductions that will
be achieved from enacting the proposed rule amendments.

Through the interim reporting process included in Sections 9-4-405 and 9-6-404 of the proposed
amendments, Air District staff will report to the Board on technology developments and
availability. Staff expects that availability of zero NOx units will increase and that costs will
decrease over time. Should there be a gap in the market for any of the technology categories
above such that sufficient zero NOx technologies are no longer projected to be available to
meet the needs of the Bay Area, the Air District’'s Board of Directors may choose to consider
amending any of the compliance dates through a public rulemaking process.

V. EMISSIONS AND EMISSION REDUCTIONS

The following section describes the emissions and expected emission reductions associated
with the proposed rule amendments. First, the existing emissions context, based on the 2018
Air District emissions inventory, is presented. Next, the impacts of NOx emissions, including
ozone and secondary PM formation are discussed, followed by the emission control methods
expected to be used in response to the proposed rule amendments. Beginning in Section V.F,
emission reductions are discussed, beginning with NOx emission reductions, then potential
greenhouse gas co-benefits. This is followed by a discussion of particulate matter emission
reductions and the health benefits associated with these reductions.

A. Emissions Context

Table 5-1 below shows the total emissions from all-natural gas combustion in residential and
commercial buildings in the Bay Area, as 2018 annual emissions of carbon monoxide, nitrogen
oxides, sulfur oxides, reactive organic gases, and fine particulate matter. The rows in bold
indicate the equipment covered by the proposed amendments.
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Table 51
Bay Area Emissions from Commercial and Residential Natural Gas Combustion

2018 Annual Emissions (tons per year)

Description Cco NO, SO, ROG PM, 5
Commercial — space heating 237.8 552.8 3.6 28.8 45.2
Commercial — water heating 291.5 475.7 4.4 35.3 55.4
Commercial — other 237.8 552.8 3.6 28.8 45.2
Commercial subtotal 767.0 1,581.3 11.5 92.8 145.7
Residential — space heating 1,036.6 2,410.0 15.5 125.4 196.9
Residential — water heating 847.3 828.3 12.7 102.5 161.0
Residential — cooking 92.0 213.9 1.4 11.1 17.5
Residential — other 83.2 193.5 1.2 10.1 15.8
Residential subtotal 2,059.1 3,645.7 30.9 249.2 391.2
Grand Total? 2,826.1 5,266.9 42.4 342.0 536.9

a The grand total in each case may not match the column summation due to rounding.

Emissions from building appliances in the Bay Area are estimated based on aggregated natural
gas usage data from the California Energy Commission and appliance usage data from Pacific
Gas and Electric. These data, combined with data and assumptions regarding the age of
buildings and their equipment, are used to calculate emissions associated with the building

sector.

Note that for 2018, NOx emissions from these targeted appliances totaled 4,267 tons; however,
it is estimated that full implementation of existing Rule 9-6 will reduce NOx emissions from
commercial and residential water heating by 576 tons relative to 2018. That leaves 3,690 tons of
NOXx emissions to be addressed by the proposed rule amendments, which is used as the
baseline for emission reduction calculations in Section V.F. Additional details on emissions
reduction estimates and how emissions were treated in the modeling analyses are provided in

Appendix E.

For comparison, Figure 5-1 below shows the total 2018 emissions of nitrogen oxides from
natural gas combustion in residential and commercial buildings (5,267 tons) in context with

other sources of emissions of nitrogen oxides in the Bay Area.
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Figure 5-1
Source Contributions to Total 2018 NOx emissions in the Bay Area
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As seen above and in Figure 5-2 below, emissions of nitrogen oxides from commercial and
residential natural gas combustion account for roughly one third of nitrogen oxides emissions
from stationary sources in the Bay Area. As one of the largest single contributors to District-wide
NOx emissions from stationary sources, Air District staff sees the further regulation of emissions
from this sector as a key opportunity to minimize criteria pollutant emissions and achieve related
air quality and health benefits across the Bay Area. As stated in the California Air Resources
Board 2022 State Strategy for the State Implementation Plan (State SIP), “controlling ozone
precursors, in particular oxides of nitrogen (NOXx), is key to attaining the federal ozone
standards”.’® NOx reductions are also critical for reducing PM, which is discussed in more detail
in Section V.H.

Figure 5-2 below shows the breakdown of the total 2018 emissions of NOx solely from
stationary sources. While commercial and residential natural gas combustion accounted for 7.5
percent of overall NOx emissions in the Bay Area in 2018, this source category accounted for
31 percent of total NOx emissions from stationary sources which are within the Air District’s
regulatory authority.

16 California Air Resources Board. Proposed 2022 State Strategy for the State Implementation Plan
Strategy. https://ww2.arb.ca.gov/sites/default/files/2022-08/2022 State SIP_Strategy.pdf
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Figure 5-2
Total 2018 NOx Contributions from Stationary Sources in the Bay Area
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The buildings sector was identified as a significant Bay Area source of emissions in the Air
District’'s 2017 Clean Air Plan, with space and water heating appliances representing roughly
90 percent of the emissions from this sector. The Clean Air Plan identifies all feasible measures
that the Air District can take to achieve the ambient air quality standards, in furtherance of the
goal set forth in Health and Safety Code section 40914, and all feasible measures that the Air
District can take to mitigate the impact of pollution sources within the Bay Area on downwind
jurisdictions, as required by Health and Safety Code section 40912. Emissions from building
appliances were highlighted in measures SS30 (reduce NOx and carbon monoxide from
residential and commercial furnaces) and BL2 (explore potential Air District rulemaking options
to reduce all emissions from fossil fuel-based space and water heating systems for both
residential and commercial use). This rulemaking proposal is the first to address the 2017
Clean Air Plan’s measures SS30 and BL2.

The proposed rule amendments focus on emissions from natural gas-fired space and water
heating appliances in buildings. While space and water heating are not the only natural gas
consuming appliances in buildings, they do represent the vast majority of natural gas
consumption and therefore NOx emissions from the buildings sector. Space and water heaters
vent outdoors into the ambient air, impacting the local and regional air quality of the Bay Area,
which is the focus of the Air District. For comparative purposes, staff also considered
greenhouse gas (GHG) emissions associated with the relevant appliances and potential co-
benefit of GHG emission reductions. Figure 5-3, below, shows the emissions share by appliance
type for residential natural gas combustion.'” Represented by the blue and orange sections of
the charts, space and water heating represent roughly 90 percent of emissions from residential
natural gas combustion for both NOx and greenhouse gases as carbon dioxide equivalent.

7 Bay Area Air Quality Management District. 2019 Criteria Pollutant inventories.
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Figure 5-3
Residential Natural Gas Combustion Emissions by Equipment Type in 2019

District Residential Natural Gas District Residential Natural Gas
Combustion NOx Emissions Combustion GHG Emissions
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B. Nitrogen Oxide Emissions

The proposed rule amendments seek to significantly reduce NOx emissions from space and
water heating appliances. As shown above in Table 5-1, these appliances emitted 2,410 and
828 tons of NOx per year, respectively, at residential buildings in the Bay Area in 2018.

Nitrogen oxides are a key criteria pollutant as a precursor to ozone and secondary particulate
matter (PM) formation.'’® Secondary PM is formed from the conversion of NOx to ammonium
nitrate through atmospheric chemical reactions with ammonia. Particulate matter, a diverse
mixture of suspended particles and liquid droplets, is the air pollutant most harmful to the health
of Bay Area residents. The Bay Area is currently classified as non-attainment for PM, s under
California Ambient Air Quality Standards (CAAQS) and non-attainment (24-hour standard) and
unclassifiable (annual standard) under National Ambient Air Quality Standards (NAAQS) and
must strive to meet these standards as soon as possible. Exposure to fine PM, on either a
short-term or long-term basis, can cause a wide range of respiratory and cardiovascular health
effects, including strokes, heart attacks, and premature deaths. Because NOx compounds in the
atmosphere contribute to the formation of secondary PM, any NOx emissions reduction would
also result in PM, s reductions. Particulate matter emissions are discussed further in Sections
V.H and V.l of this report. Although most NOx emissions are quickly broken down in the
atmosphere, emissions of nitrogen oxides can be impactful in their own right, with the Agency

8 See 40 C.F.R. Part 50 (ambient air quality standards for ozone, carbon monoxide, and PM2.5). EPA
treats NOx as both an ozone and PM2.5 precursor
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for Toxic Substances and Disease Registry finding that “[e]xposure to high levels of nitrogen
oxides can damage the respiratory airways.”"®

C. Ozone Formation

Ozone is a regional pollutant for which the Bay Area is also currently in non-attainment under
NAAQS and CAAQS. The Air District must strive to meet these standards as soon as possible.
Emissions of reactive organic gases (ROG) and NOy throughout the Bay Area contribute to
ozone formation in downwind areas. Therefore, reductions in emissions of ROG and NOy are
needed throughout the region in order to decrease ozone levels. As the air temperature rises,
ground-level ozone forms at an accelerated rate. Ozone levels are usually highest on hot,
windless summer afternoons, especially in inland valleys. Exceedances of state or national
ozone standards in the Bay Area only occur on hot, relatively stagnant days. Because weather
conditions have a strong impact on ozone formation, ozone levels can vary significantly from
day-to-day or from one summer to the next. Longer and more severe heat waves expected as a
result of climate change may cause more ozone formation, resulting in more frequent
exceedances of ozone standards. Ozone, also a key ingredient in smog, is additionally linked to
direct health effects such as irritation and damage to lung tissue, worsening asthma, reduced
lung function, and worsening of chronic illnesses such as obstructive pulmonary disease.?’

The atmospheric chemistry of ozone formation depends on a large number of factors including
the concentration of multiple precursor pollutants (including nitrogen oxides) as well as weather
patterns. Thus, ozone concentrations and can vary widely on a local scale as well as a daily
scale. However, overall reductions of nitrogen oxides contribute to long term ozone reductions,
both in the Bay Area as well as in neighboring air basins. The California Air Resources Board
states in its 2022 State Implementation Plan (SIP) Strategy, adopted in September 2022, that
they are “exploring and proposing an unprecedented variety of new measures to reduce
emissions [to support attainment of the 70 ppb ozone standard] ...using all mechanisms
available. This level of action is needed to ensure federal air quality standards are attained and
to deliver on our commitments to protect public health...Controlling ozone precursors, in
particular oxides of nitrogen (NOXx), is key to attaining the federal ozone standards.”?' The
implementation of the proposed rule amendments is necessary to achieve and maintain the
ozone NAAQS and CAAQS standards in the region as well as necessary to support similar
state-wide emissions reduction efforts and to support attainment in areas downwind of the Bay
Area air basin. Staff has estimated that the proposed amendments would result in a mean
modeled decrease in 8-hour ozone of -0.021 ppb on peak ozone days in the Bay Area, as
detailed in Appendix E. The amendments may have further benefits on downwind air basins.
Staff recommends that the Air District submit the proposed amendments to the SIP if they are
adopted by the Board.

D. Ultra-low NOx Emission Control Methods

Emission control methods to meet the proposed 14 ng/J standard for Rule 9-4 are well
established and currently required by SCAQMD Rule 1111 and SJVUAPCD Rule 4905. These
ultra-low NOx burners reduce excess air in combustion by pre-mixing the fuel and air and
burning the mixture at a lower temperature than older equipment, thus reducing NOx emissions.

9 ASTDR, Nitrogen Oxides. https://www.atsdr.cdc.qov/toxfags/tfacts175.pdf

20 U.S. EPA (2019b). Policy Assessment for the Review of the National Ambient Air Quality Standards for
Particulate Matter, External Review Draft

21 California Air Resources Board. Proposed 2022 State Strategy for the State Implementation Plan.
https://ww2.arb.ca.gov/sites/default/files/2022-08/2022 State SIP_Strategy.pdf
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Potential complications identified in other jurisdictions, such as high altitude and cold weather
scenarios, are not applicable in the Bay Area. Staff intends for dual-fuel systems that are able
to demonstrate compliance with this new proposed standard to be eligible for certification.

E. Zero NOx Technologies for Space and Water Heating

Current emission control methods that align with the zero NOx emissions standard available on
the market consist mainly of electric resistance and electric heat pump systems. Air District
staff does not intend to mandate specific zero NOx technology solutions, but for the purpose of
this report, including emissions and cost estimates, currently available electric solutions are
used to form estimates and projections. While not currently available on the market, other
natural gas technologies, such as those with combustion occurring in the absence of nitrogen,
may also be able to meet the proposed standards and proposed certification requirements. The
use of electric appliances serves as a conservative estimate for NOx reductions due to the
additional NOx from natural gas-fired power plants for electricity generation taken into account
for estimates as described below.

F. Nitrogen Oxides Emissions Reductions

As the applicable rules function as appliance point-of-sale requirements, emission reductions
associated with the proposed rule amendments would occur over time in relation to the lifespan
of currently installed equipment. Staff estimated emissions reductions from the proposed
amendments as newer equipment is phased in over time due to equipment replacements. To
model these predicted emission reductions, staff made the following assumptions:

¢ While the proposed regulatory amendments would allow for natural gas-fired zero NOx
appliances, based on currently available technology, staff assumed that, upon burnout,
natural gas-fired appliances would be replaced with electric solutions when the proposed
zero NOx standards are in effect. As noted above, this results in a conservative analysis
of NOx reductions because other technologies that may be developed could avoid the
additional NOx from electricity generation.

e For electric replacements, it is assumed that the electricity provided is from the
community choice aggregator local to the customer, or direct from Pacific Gas and
Electric. The emissions associated with each of these electricity sources as well as their
contribution to projected Bay Area electric load is shown below in Table 5-2. The
resulting weighted average is 85 percent carbon and NOx-free electricity generation.
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Table 5-2

Bay Area Electricity Generation Resources

Solar, Wind | Hydro | Nuclear | Biomass | System | Bay Area
& Power | Usage??
Geothermal
Marin Clean Energy?? 53% 38% 1% 6% 2% 14%
Sonoma Clean Power? 38% 41% 1% 11% 9% 6%
East Bay Community 42% 16% 0% 1% 40% 17%
Energy?®
Peninsula Clean Energy?¢ 40% 51% 0% 9% 0% 9%
Silicon Valley Clean 36% 64% 0% 0% 0% 9%
Energy?’
SF Clean Power? 54% 39% 0% 0% 7% 8%
San Jose Clean Energy?® 50% 23% 23% 3% 1% 10%
PG&E3® 43% 6% 39% 4% 8% 27%

o Electricity generated from natural gas-fired power plants is assumed to result in NOx
emissions of 5 ppm by dry volume at 15% oxygen. This emission limit represents best
available control technology (BACT) for simple-cycle gas turbine power plants over 50
megawatts.3! This is a conservative estimate, as most Bay Area power plants are
required by Air District permit to meet a 2.5 ppm NOx limit.

o While some Bay Area residents are choosing to install zero NOx solutions at this time,
and this is expected to continue and increase over time, modeled emissions reductions
do not assume any voluntary uptake of zero NOx technology prior to the proposed
compliance dates because voluntary uptake is not expected to be significant.

22 \Values calculated via data from California Public Utilities Commission, Integrated Resource Plan.
https://www.cpuc.ca.gov/irp/

23 Marin Clean Energy, Light Green Plan. https://www.mcecleanenergy.org/60-renewable/. Accessed
November 2022.

24 Sonoma Clean Power, CleanStart Plan. https://sonomacleanpower.org/uploads/documents/Power-
Content-Label-2021-Web.pdf

25 East Bay Community Energy, Bright Choice Plan. https://ebce.org/our-power-mix/ .Accessed November
2022.

26 Peninsula Clean Energy, ECOplus Plan. https://www.peninsulacleanenergy.com/power-mix/. Accessed
November 2022.

27 Silicon Valley Clean Energy, SVP Residential Plan. https://www.siliconvalleypower.com/svp-and-
community/about-svp/power-content-label. Accessed November 2022.

28 SF Clean Power, Green Plan.
https://static1.squarespace.com/static/5a79fded4c326db242490272/t/632e3e4c508cf816fc26e5d8/16639
74989563/CleanPowerSF_Product+Content+Label+2022 Green_All+Languages.pdfhttps://static1.squar
espace.com/static/5a79fded4c326db242490272/t/632e3e4c508cf816fc26e5d8/1663974989563/CleanPo
werSF_Product+Content+Label+2022 Green_All+Languages.pdf

29 San Jose Clean Energy, GreenSource Plan. https://sanjosecleanenergy.org/wp-
content/uploads/2022/09/SJCE_2021-Power-Content-Label.pdf

30 Pacific Gas and Electric Power Mix via East Bay Community Energy. https://ebce.org/our-power-mix/.
Accessed November 2022.

31 California Air Resources Board, Stationary Source Division. Report to the Legislature: Gas-Fired Power
Plant NOx Emission Controls and Related Environmental Impacts. May 2004.
https://ww2.arb.ca.gov/sites/default/files/classic/research/apr/reports/I2069.pdf.
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https://static1.squarespace.com/static/5a79fded4c326db242490272/t/632e3e4c508cf816fc26e5d8/1663974989563/CleanPowerSF_Product+Content+Label+2022_Green_All+Languages.pdfhttps://static1.squarespace.com/static/5a79fded4c326db242490272/t/632e3e4c508cf816fc26e5d8/1663974989563/CleanPowerSF_Product+Content+Label+2022_Green_All+Languages.pdf
https://static1.squarespace.com/static/5a79fded4c326db242490272/t/632e3e4c508cf816fc26e5d8/1663974989563/CleanPowerSF_Product+Content+Label+2022_Green_All+Languages.pdfhttps://static1.squarespace.com/static/5a79fded4c326db242490272/t/632e3e4c508cf816fc26e5d8/1663974989563/CleanPowerSF_Product+Content+Label+2022_Green_All+Languages.pdf
https://static1.squarespace.com/static/5a79fded4c326db242490272/t/632e3e4c508cf816fc26e5d8/1663974989563/CleanPowerSF_Product+Content+Label+2022_Green_All+Languages.pdfhttps://static1.squarespace.com/static/5a79fded4c326db242490272/t/632e3e4c508cf816fc26e5d8/1663974989563/CleanPowerSF_Product+Content+Label+2022_Green_All+Languages.pdf
https://sanjosecleanenergy.org/wp-content/uploads/2022/09/SJCE_2021-Power-Content-Label.pdf
https://sanjosecleanenergy.org/wp-content/uploads/2022/09/SJCE_2021-Power-Content-Label.pdf
https://ebce.org/our-power-mix/
https://ww2.arb.ca.gov/sites/default/files/classic/research/apr/reports/l2069.pdf

o Commercial space and water heating is frequently achieved through the use of larger
boilers that are covered under the Air District's Regulation 9, Rule 7. Based on available
inventories, staff assumed that 50 percent of commercial space and water heating
baseline emissions would not be impacted by the proposed amendments to Rule 9-4
and Rule 9-6.

e As the proposed rule amendments would impact only direct emissions from two types of
building appliances and do not impact natural gas distribution, staff did not assume any
upstream emission reductions along the natural gas infrastructure. Although reduced
use of natural gas may result in less methane leakage, this reduced leakage is not
guaranteed because the technologies used to meet the proposed standards may rely on
the natural gas grid for energy and the proposed amendments do not impact the existing
natural gas distribution system.

o Water heaters were assumed to have an average lifespan of 13 years and space
heating equipment are assumed to have an average lifespan of 18 years.3?

Figure 5-3, below, shows the projected NOx emissions over time based on the assumptions
described above and the proposed amendments to Rules 9-4 and 9-6. The 2018 Air District
emissions inventory provides the baseline for this projection. Further detail on the development
of the emissions inventory can be found in the Draft EIR (Appendix G).

Figure 5-4
Projected NOx Emissions from Proposed Rule Amendments

Commercial and Residential Space and Water Heating
Projected NOx Emissions (tons/year)
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Initial reductions would be achieved by the introduction of the ultra-low NOy requirements (14
ng/J) for residential furnaces. For replacements under this standard between 2024 and 2029,

32 Environmental Energy and Economics. April 2019. “Residential Building Electrification In California:
Consumer economics, greenhouse gases and grid impacts”. Page 41.
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staff estimates a 65 percent reduction in NOx emissions on a per unit basis compared to
existing standards. Additional significant emission reductions would be achieved starting in
2027 with the zero NOx compliance date for small water heaters, and additionally in 2029 with
the zero NOx compliance date for all new space heating units.

Yearly emissions reductions would continue, including as zero NOx technology is introduced for
large water heaters in 2031 and units, including ultra-low NOx space heating units, are changed
out over the course of the average assumed appliance lifetimes.

Table 5-3, below, provides values for projected yearly emissions and projected reductions
versus the baseline emissions inventory for selected years as represented by the graph in
Figure 5-4.

Table 5-3
Projected NOx Emissions upon Implementation of Proposed Rule Amendments

Projected Yearly ';r:éiitt?gnN\gx

Year NOx Emissions Baseline :
(tons/year) (tons/year)
Baseline 3,690 -

2025 3,516 174
2030 2,816 874
2035 1,855 1,835
2040 930 2,761
2045 515 3,176
2046 454 3,236

These NOx emission reductions over time are significant, with an 88 percent reduction of
emissions from the baseline by the projected date of complete equipment changeout in 2046.
This date could be realized sooner with voluntary uptake and replacements before burnout both
prior to and throughout the compliance period. NOx emissions are a criteria pollutant of concern
for the Bay Area and impact overall regional air quality and ozone formation, as well as
secondary particulate matter (PM) formation. The significant NOx reduction expected from the
proposed amendments to the rules would result in meaningful local health benefits through
reduced PM formation. These reductions are discussed in Section V.G of this report as well as
Appendix E.

G. Greenhouse Gas Emissions Reductions

Staff additionally estimated potential greenhouse gas emission co-benefits that may result from
the proposed rule amendments. Figure 5-5, below, shows the potential GHG emissions
reductions over time based on the same set of assumptions listed at the beginning of this
section. These assumptions include the proliferation of electric technologies in the absence of
other new technology development but do not include potential greenhouse gas savings along
the natural gas infrastructure that could result from widespread electric appliance usage.
Should zero NOx natural gas-fired technologies be developed and adopted, consumers would
have the opportunity to choose between newly designed natural-gas fired and electric
appliances, and the projected greenhouse gas savings depicted below would overestimate
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potential GHG reduction co-benefits from the amendments. These estimates should thus be
seen as maximum potential co-benefit emissions reductions. For greenhouse gases, 2019
District emissions data serves as the baseline.

Figure 5-5
Potential GHG Emissions under Proposed Rule Amendments

Commercial and Residential Space and Water Heating
Potential GHG Emission Reductions (MMTCO2e/year)
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GHG co-benefits are achieved in a fashion similar to the emission reductions described for NOx.
Projected greenhouse gas co-benefits are based largely on the assumption of in-kind electric
replacements and low-carbon content power provided by Pacific Gas and Electric and the
community choice aggregators in the Bay Area as shown in Table 5-2 above. For natural gas
generated electricity, a correction factor is applied to account for GHG emission differences
between natural gas appliance and turbine combustion. Further details on and examples of this
calculation are provided in Appendix G.

Table 5-4, below, provides values for projected yearly emissions and potential reductions versus
the baseline emissions inventory for selected years as represented by the graph in Figure 5-5.
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Table 5-4
Potential GHG emissions under Proposed Rule Amendments

- Potential
Projected Yearly Reduction vs
Year GHG Emissions Baseline ’
LA SR, (MMTCO,elyr)
Baseline 6.56 -
2030 5.67 0.89
2035 410 2.46
2040 2.68 3.88
2046 1.75 4.81
H. Particulate Matter Emissions

Emissions of total fine particulate matter from residential and commercial natural gas
combustion is represented above in Table 5-1, with a total of 536.9 tons per year emitted in
2018. Fine particulate matter, or PM, 5, can be categorized as “primary” or “secondary”
particulates. Primary PM, s is directly emitted to the atmosphere, while secondary PM,5 is a
byproduct of chemical reactions of gaseous pollutants such as NO, and ammonia (NH5) in the
atmosphere. Secondary particulate matter formation is of significant relevance to these
proposed rule amendments due to the significant emissions of nitrogen oxides from this sector,
as discussed above. Secondary particulate matter emissions from this source are expected to
be reduced in line with NOx reductions achieved by the proposed rule amendments. Primary
particulate matter reductions are a potential co-benefit that would be achieved with consumer
installation of electric appliances, which aligns with but is not required by the proposed rule
amendments. Further analysis of particulate matter exposure and health impacts associated
with these sources is discussed in Section V.l below.

The Bay Area is currently designated as a non-attainment area for the annual PM, 5 and 24-hour
PM;, CAAQS and as unclassifiable under the annual PM, s NAAQS and non-attainment for the
24-hour PM, 5 NAAQS. The EPA is currently considering a new, more stringent PM, s ambient
air quality standard. Air District staff anticipates the need to submit a PM attainment plan in
response to this new standard once it is finalized. These proposed amendments will reduce
PM. s in the Bay Area and help move the Air District towards attainment of both the CAAQS and
NAAQS. Staff has estimated through modeling that the amendments may result in a mean
modeled decrease in 24-hour PM, 5 of -0.68 ug/m? when observations indicated 24-hour PM, 5
was at least 30 ug/m3, as detailed in Appendix E. The importance of zero NOx appliance
standards has been recognized by EPA. On October 5, 2022, citing this Bay Area rule
development proposal, EPA found that zero NOx appliance rules must be evaluated by the San
Joaquin Valley Air Pollution Control District in order to show full consideration of all methods of
emissions reductions for fine particulate matter. Air District staff thus recommends that the Air
District submit the proposed rule amendments to EPA for inclusion in the State Implementation
Plan. Staff plans to recommend submittal of all new rules or rule amendments passed by the
Board of Directors that reduce PM to be a part of the SIP moving forward, beginning with the
proposed rule amendments discussed in this report.
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l. Exposure and Health Impacts

The Air District evaluated ambient air quality and health impacts from natural gas fired furnaces
and water heaters in commercial and residential buildings in support of the proposed
amendments to Rules 9-4 and 9-6. Staff estimated contributions to ambient NOx levels from
the above sources, as well as the contributions to levels of particulate matter and ozone. Staff
also estimated the health impacts of simulated fine particulate matter. The results of this
analysis are summarized in this section but can be found in more detail in Appendix E.

The modeling analysis included two annual simulations for 2018:
e A base case simulation that included the Air District’s latest natural gas combustion
emissions estimates, and
o A control case simulation that removed emissions from commercial and residential
natural gas combustion emissions associated with space heating and water heating that
are covered by the proposed rule amendments. The emissions removed are
represented by those in bold in Table 5-1.

Differences between these two simulations provided an estimate of the air quality impacts of this
source sector. It is important to note, however, that the current version of Rule 9-6 is expected
to reduce 2018 NOx emissions from commercial and residential water heaters by 576 tons, with
proposed rule amendments targeting the remaining emissions from these appliances, as well as
all emissions from commercial and residential space heating. Impacts from the expected
emissions reductions from the current version of Rule 9-6 (576 tons) were excluded from the
health benefits analysis to ensure that the modeling-estimated health benefits account only for
NOXx emission reductions associated with the proposed rule amendments (3,690 tons). (See
Appendix E for details.)

It is important to clarify the bounds of this analysis and assumptions made as compared to other
emission estimates and impact findings throughout this report. The health modeling shows the
health impact associated with currently designed natural gas-fired space and water heating
appliances located in commercial and residential buildings that are covered by the proposed
rule amendments. Due to the nature of the rule amendments, with enforcement of the
standards at the point of sale of the equipment, the emission reductions and related health
benefits will be realized over the course of time as old equipment is replaced by new equipment
that meets the emissions standards in the amendments.

The study population of this analysis includes residents of the portions of the nine-county Bay
Area that are under the jurisdiction of the Air District (Figure 5-5). This population was estimated
to be approximately 7.7 million residents. A breakdown by county and race/ethnicity, using
categories supplied by BenMAP/PopGrid, is given in Table 5-5.
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Table 5-5
Modeled residential population

Asian Hispanic Black White (all)
Alameda 32.6% 24.3% 11.0% 32.1% 1,668,306
Contra Costa 18.5% 28.7% 9.2% 43.6% 1,180,605
Marin 7.4% 18.3% 32% 71.1% 266,439
Napa 8.5% 36.8% 2.3% 52.5% 147,553
San Francisco 34.6% 15.1% 52% 451% 866,833
San Mateo 31.5% 26.6% 27% 39.1% 797,428
Santa Clara 38.3% 27.7% 2.8% 31.2% 1,991,116
Solano 21.7% 27.8% 17.3% 33.2% 311,782
Sonoma 5.6% 30.5% 2.2% 61.7% 461,976
(all) 28.6% 25.6% 6.4% 39.4% 7,692,039

Note: Percentages are row-wise; they indicate shares of that county’s population.
Basis: BenMAP/PopGrid projection from 2010 to 2020.

The key findings of this analysis are that NOx emissions from the sources in question caused
production of secondary PM, s across most residential areas of the Bay Area with an annual
average contribution between about 0.04 microgram per cubic meter (ug/m?3)to 0.18 pg/m?3.
Emissions from this source sector also include primary, or directly emitted, PM, 5. The total
annual average contribution to PM, 5, including both primary and secondary PM, 5, across most
residential areas of the Bay Area varied between 0.10 pg/m3and 0.42 ug/m?3. Maps of emissions
reductions in NOx and primary PM, 5 can be seen in Figures 5-6 and 5-7 below.

Figure 5-6
Map of the NOx emissions difference between the modeled control and base cases
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Figure 5-7
Map of the PM, s emissions difference between the modeled control and base cases

The health benefits from reduced PM, 5 achieved by eliminating emissions from the natural gas-
fired appliances covered under the proposed rule amendments were estimated using the U.S.
EPA’s May 2021 version of the Environmental Benefits Mapping and Analysis Program —
Community Edition (BenMAP-CE), paired with three additional sets of health impact functions
deemed appropriate for use in the Bay Area. Further information about the methodology used
and constraints of this modeling can be found in Appendix E. Due to the nature of commercial
and residential buildings, these health benefits would be realized across the region, with
increased benefits in densely populated areas.

Table 5-6 provides a breakdown of these exposure assessments by the four racial/ethnic
groups listed in Table 5-5.
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Table 5-6

Modeled exposures (outdoor concentrations, weighted by 2020 Bay Area residential

population) under baseline and control scenarios

Baseline  Control Reduction
Total PM, 5 (ng/m3)
Asian/Pacific Islander 8.817 8.667 0.150 (1.7%)
Hispanic/Latino 8.826 8.687 0.139 (1.6%)
African-American/Black 8.670 8.536 0.134 (1.5%)
White 8.116 7.988 0.128 (1.6%)
(average) 8.534 8.397 0.138 (1.6%)
Primary PM, 5 (ng/m3)
Asian/Pacific Islander 4.496 4.437 0.059 (1.3%)
Hispanic/Latino 4.558 4,505 0.054 (1.2%)
African-American/Black 4.491 4.436 0.055 (1.2%)
White 4.140 4.091 0.050 (1.2%)
(average) 4.371 4.318 0.054 (1.2%)
Secondary PM, 5 (ug/m3)
Asian/Pacific Islander 4.321 4.230 0.091 (2.1%)
Hispanic/Latino 4.268 4,182 0.086 (2.0%)
African-American/Black 4.179 4.099 0.079 (1.9%)
White 3.976 3.898 0.079 (2.0%)
(average) 4.163 4.079 0.084 (2.0%)
NO, (ppb)
Asian/Pacific Islander 10.079 9.324 0.755 (7.5%)
Hispanic/Latino 9.958 9.268 0.690 (6.9%)
African-American/Black 10.930 10.212 0.718 (6.6%)
White 8.113 7.470 0.643 (7.9%)
(average) 9.328 8.636 0.692 (7.4%)

Note: Reductions are expressed relative to baseline exposures.

As depicted in Figure 5-8, if both NOx and primary PM, 5 emissions from the combustion of

natural gas by residential and commercial space and water heating appliances were eliminated,
modeling indicates that the largest reductions in PM, s exposure would accrue to the Bay Area’s

Asian/Pacific Islander population. This would be true in both absolute and relative terms (see
Table 5-6, column “Reduction”). Within individual counties (not shown; see Appendix F) the
greatest modeled reductions in PM, 5 exposure from the proposed rule amendments would
accrue either to Hispanic/Latino, African-American/Black, or Asian/Pacific Islander residents,

depending on the county.
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Figure 5-8
Modeled Total PM, s Impacts (annual average outdoor concentrations, weighted by
residential population) attributed to targeted emissions from space and water heating
appliances.

Note: Consistent with Table 5-6, this PM, 5 (Total) is the sum of PM, 5 (Primary) and PM, 5 (Secondary).

The total PM, 5 emissions from this sector result in an estimated 37 to 85 premature deaths per
year, with 23-52 attributable to secondary PM, s emissions (which are directly tied to NOx
emissions). These results can be seen in Table 5-7 below.

Table 5-7
Estimated benefits resulting from decreased PM, s levels due to an assumed case that
eliminates space and water heating natural gas combustion emissions in the Bay Area

Health Impact? Avoided Incidence, Per Year
Secondary PM, 5 Total PM, 5
Premature mortality
All causes® 23-52 37-85
Chronic/severe illness
Non-fatal acute myocardial infarction 2.6-24 4.2-39
(heart attack)

Hospital admission, neurological® 7.7 13
Incidence, out of hospital cardiac 0.45 0.73
arrest 1.5 2.4
Incidence, stroke 1.9 3.1
Incidence, lung cancer
Hospital admissions®
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Health Impact? Avoided Incidence, Per Year
Secondary PM, 5 Total PM, 5

Respiratory® 24 3.9
Cardiovascularf 3.0 4.9
ER visits
Respiratory? 13 20
Cardiovascular” 6.2 10
Other effects
Restricted activity days 24,000 39,000
Work loss days 4,100 6,700
Hay fever/allergic rhinitis 440 710
Asthma-related effects
Asthma symptoms/albuterol use 9,200 15,000
Onset of asthma 71 110

a Each health impact is associated with one or more unique International Classification of Diseases-9-Clinical
Modification (ICD-9-CM) code(s) (Medicode, 1996).

b Includes all ICD-9 codes.

¢ First hospital admission (cause-specific, to indicate onset of the chronic disease) for dementia, Alzheimer’s disease,
or Parkinson’s disease (ICD-9 codes 290, 331.0, or 332, respectively), and other neurological morbidities.

d Hospital admissions due to acute exposure to air pollution are assumed to pass through the emergency room;
however, the calculated value of hospital admissions does not account for the cost incurred in the emergency
room visit. This strategy avoids double-counting.

¢ Includes all respiratory diseases (ICD-9 codes 460-519).

fIncludes cardio-, cerebro-, and peripheral vascular diseases (ICD-9 codes 410, omitting 410.x2; 410-414; 426-427;
428; 429; 430—438; 440—-448).

9 Includes respiratory diseases (ICD-9 codes 480—486, 491, 492, 496, 460—465, 466, 477, 493, 786.07).

h Includes all cardiac outcomes (ICD-9 codes 390-549).

It is important to note that the secondary PM, 5 benefits represented above in the center column
would be achieved as a result of NOx emissions reductions. Therefore, the secondary PM, 5
benefits captured in this modeling represent the potential direct benefits of the emissions
standards set forth in the proposed rule amendments. The righthand column of Table 5-7
represents benefits from total PM, 5 emission reductions and therefore includes primary PM, 5
emissions from space and water heating appliances. While it is expected that, based on current
appliance availability, the amendments will lead to the proliferation of electric space and water
heating appliances, the development of natural gas-fired appliances that meet the proposed
standards is possible. If zero NOx natural gas-fired appliances are developed, these appliances
may, or may not, be designed to eliminate primary PM emissions. Thus, there still may be
primary PM, s emissions from these appliances and the additional benefits represented in the
Total PM, 5 column of Table 5-7 would not be fully realized, depending on how many consumers
choose electric versus natural gas-fired zero NOx appliances.

As discussed in Section VIII: Environmental Impacts and Appendix D, it is expected that all
incremental power generation needs will be met with renewable generation resources.
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VI. ECONOMIC IMPACTS

A. Cost Effectiveness

In this section staff presents cost effectiveness information for the Board and public’s
consideration. Cost effectiveness is calculated by dividing the annualized costs (amortized
capital costs and operating costs) by the total number of tons of emission reductions expected
each year:

Annualized Cost

Cost ef fectiveness = — -
ff Annual Emission Reduction

Air District staff reviewed available data on costs and cost estimation tools and methodologies
and developed cost estimates associated with compliance under the proposed amendments.
Based on these cost estimates, Air District staff estimated cost effectiveness for the proposed

amendments. Staff assumes replacement of currently designed natural gas-fired space and
water heating appliances with currently available electric heat pumps for purposes of this

analysis. Costs of potential natural gas-fired zero NOx appliances are unknown at this time.

Estimates of the net annual costs (including annualized equipment costs, rate savings, and
panel upgrades), annual emission reductions and cost effectiveness are shown on a per
equipment unit basis in Table 6-1.

Table 6-1
Per Unit Compliance Cost and Cost Effectiveness for Proposed Amendments
Net Annyalized Annual Annualized Annual
. . Panel Equipment Panel Cost
Equipment | Equipment - Rate NOXx .
. Upgrade | Compliance . Upgrade . Effectiveness
Cost ($) Compliance Savings Reductions p
Cost () Cost ($) Cost ($lyear) Cost (tonslyear) ($/ton)
($/year)® ($/year)c
Rule 9-4 Amendments for Space Heating
Ultra-low NOx
Standard $5,650 $550 $0 $45 $0 $0 0.0008 $54,100
Zero NOx $72,100 -
Standard $8,030 $2,900 $2,630 $241 ($150) $161 0.0013 $199.800
Rule 9-6 Amendments for Water Heating
Zero NOx $250,400 -
Standard $2,820 $850 $960 $88 ($45) $59 0.0002 $594.000
Notes:

a Net equipment compliance cost is estimated by calculating the difference in capital cost between equipment meeting the current standard and equipment meeting
the applicable proposed standard.
® Annualized equipment compliance cost is estimated by amortizing the net equipment compliance cost over the lifetime of the equipment.
¢ Annualized panel upgrade cost is estimated by amortizing the panel upgrade cost over the lifetime of the panel upgrade.
4 Ranges of cost effectiveness shown for the space heating and water heating zero-NOx standards represent the cost effectiveness for an equipment installation
that does not require a panel upgrade (low end of range) and an equipment installation that does require a panel upgrade (high end of range).

Further information and details on the development of the cost estimates are provided in the
following Section VI.C. The calculation of the NOx reductions is described in Section V.F. and
shown in Figure 5-4 and Table 5-3 of this Report. Further details on the calculation of
annualized net costs can be found in Appendix C. Note that cost estimates presented here are
March 2023
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in 2019 and 2018 year dollars, and do not account for potential cost changes since that time
due to recent inflation or other factors. Staff notes that between 2019 and 2022, the national
construction cost index has increased 7.9%.23 Staff expects that equipment and construction
costs associated with the proposed amendments will continue to change over time, with
equipment costs expected to decrease. It is speculative to extend the short-term trends of
2019-2022 out to the compliance dates which begin in 2027. Changes to associated costs and
therefore cost-effectiveness of the proposed amendments will be evaluated over time through
the Implementation Working Group (see Section IX.C) if the proposed rule amendments are
adopted. Staff does not believe it is appropriate to inflate the 2018-2019 cost data to current
dollars due to uncertainty related the representativeness and applicability of recent inflation
trends, particularly given the long-term compliance timelines under the proposed amendments.

For the zero NOx standards for space heating and water heating, a range of cost effectiveness
values are shown in Table 6-1 to reflect installations that may or may not require an electrical
panel upgrade; the low end of the range represents equipment installations where a panel
upgrade would not be required, while the high end of the range represents equipment
installations where a panel upgrade would be required. As shown in Table 6-1, the cost
effectiveness can vary widely depending on the need for electrical panel upgrades. As
discussed in the Technology Evaluation in Section IV of this report, staff anticipates that the
availability and continued development of low voltage zero NOx solutions for space heating and
water heating systems will be a key factor in the ability to install zero NOx equipment without
electric panel upgrades. In addition, staff plans to convene an ongoing Implementation Working
Group to investigate a number of implementation topics, including the accessibility and costs of
zero NOx technology (further details on the Implementation Working Group can be found in
Section IX.C. of this report). Staff anticipates that topics related to implementation costs will be a
focus of the group as the status of low voltage technology development and availability, as well
as financing and incentive programs, continues to evolve.

B. Incremental Cost Effectiveness

In this section, Staff presents incremental cost effectiveness information on other potential
regulatory options for the Board and public’s consideration. Incremental cost effectiveness is
calculated by 1) calculating the incremental difference in cost between the different regulatory
options, and 2) dividing the incremental difference in cost by the incremental difference in
emission reductions between each progressively more stringent regulation:

Annual cost (B) - Annual cost (A)
Emission reduction (B) - Emission reduction (A4)

Incremental cost ef fectiveness =

1. Proposed Amendments to Rule 9-4

Air District staff identified a potential regulatory option for comparison that is less stringent than
the proposed zero NOx standard for space heating equipment. This potential regulatory option
would be to only adopt an ultra-low NOx standard of 14 ng/J instead of a zero NOx standard.
(Note that the currently proposed amendments include the implementation of both an ultra-low
NOx standard in 2024 and a zero NOx standard in 2029; the purpose of this incremental cost
effectiveness analysis is to evaluate an ultra-low NOx standard as a less stringent regulatory
option for comparison with the proposed zero NOx standard.)

33 Engineering News Record 20 City Construction Cost Index. Annual averages 2019-2022. Accessed
February 2023.
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Air District staff estimated the incremental cost effectiveness of the proposed zero NOx
standard compared to this ultra-low NOx option. Estimates of the net annual costs (including
annualized equipment costs, rate savings, and panel upgrades), annual emission reductions,
and cost effectiveness are shown for both the zero NOx and ultra-low NOx standards in Table
6-1 above. Based on these values, the incremental cost effectiveness of the zero NOx standard
compared to the ultra-low NOx standard is estimated to range from $106,900 to $480,900 per
ton of additional NOx reduction. This range of incremental cost effectiveness is a result of the
range in costs associated with the zero NOx standard as described above and in Table 6-1.

2. Proposed Amendments to Rule 9-6

Air District staff did not identify a potential regulatory option for comparison that is less stringent
than the proposed zero NOx standard for water heating equipment. As discussed in Section
II.B., the existing NOx emission standards in Rule 9-6 are equivalent to those in SCAQMD
Rules 1146.2 and 1121 and SJVUAPCD Rules 4308 and 4902 for similar equipment, and there
have not been any lower, non-zero NOx emissions limits identified. Staff recognizes that
discussions and considerations regarding the potential for other lower NOx emission levels and
limits are ongoing, including considerations by the South Coast Air Quality Management District
in the development of its 2022 Air Quality Management Plan;3* however, the achievability,
feasibility, and costs associated with these emissions levels and types of devices are not
currently known and cannot be accurately estimated within the scope of the staff's analysis at
this time.

C. Socioeconomic Impacts

The Air District is required to assess and consider potential socioeconomic impacts when
adopting or amending regulations.3® Air District staff contracted with an independent consultant,
Applied Development Economics (ADE), to develop estimates of potential socioeconomic
impacts for the proposed amendments to Rule 9-4 and Rule 9-6. The analysis and findings are
summarized in this section, and the full report of the socioeconomic impact analysis is available
in Appendix C.

Because the proposed amendments to Rule 9-4 and Rule 9-6 will likely have the greatest
potential economic impact on residential consumers, the analysis is focused on consumer
spending behavior and how the potential added expenses from appliance upgrades might factor
into those spending patterns. In cases such as this, where the cost of compliance is borne by
individual property owners, equity considerations must be kept at the forefront. The impact of
these rule amendments on interest groups such as renters, affordable housing administrators,
and others must also be adequately considered. Staff has discussed equity and cost concerns
with stakeholders throughout the rule development process. Assuming no zero-NOXx natural
gas-fired solutions are developed and/or consumers choose to switch to electric appliances,
significant additional costs beyond the capital cost of equipment such as electric service or
panel updates could occur. However, improvements in available technology may lessen the
cost of equipment as well as related electric service upgrades. For example, heat pump water

34 South Coast AQMD. 2022 Air Quality Management Plan — Policy Brief — Residential and Commercial
Building Appliances. https://www.agmd.gov/docs/default-source/clean-air-plans/air-quality-management-
plans/2022-air-quality-management-plan/combined-residential-and-commercial-buildings-
appliance.pdf?sfvrsn=8

35 California Health and Safety Code, Section 40728.5
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heaters that are compatible with 120-volt electric systems are currently entering the market,
removing the need for upgrading electric service in older homes. While improvements in
technology availability and costs may continue to occur in the future, ADE’s analysis of
consumer costs is based on pricing and data for currently available technologies and
equipment. As described in Section IX.C of this report, potential socioeconomic impacts may be
further informed in the future by the Implementation Working Group and presented to the Board
through staff’s interim reporting process. However, this current socioeconomic impact analysis
represents the most current and best available information at the time of its preparation.

ADE began its analysis by looking at the income distribution patterns in the Bay Area to see
how the proposed rule amendments might impact households based on their income, poverty
status, and whether they are homeowners or renters. In order to identify household
characteristics and accompanying spending patterns, ADE used data from the U.S. Census
American Community Survey (ACS) and the Bureau of Labor Statistics Consumer Expenditure
Survey (CES). The ACS is an annual survey of households that is used to identify
socioeconomic characteristics by geographic area, and how they change on an annual basis.
Because the analysis focused on the nine Bay Area counties served by the Air District, all of the
data comes from the combined county-level data.

The CES data is an ongoing household survey of consumer spending administered by the
Bureau of Labor Statistics in order to calculate the Consumer Price Index (inflation rate). This
data includes spending information by category, including housing, transportation, retail goods,
services, and investments. For the socioeconomic analysis, the CES data is used to identify the
proportion of household spending that goes towards major appliance and household equipment
purchases. The data is cross-tabulated based on income range, homeownership status, and
other household characteristics. This provides a useful benchmark for comparing existing
household spending patterns with the potential cost of compliance for the Rule 9-4 and Rule 9-6
amendments. Note that when analyzing the degree to which socioeconomic impacts are
significant or not significant, the Air District has previously used thresholds related to the percent
change in return on equity (ROE) for an impacted industry (e.g., a threshold of costs exceeding
ten percent of a business’ return on equity). This type of threshold is not directly applicable to
the impacts on residential consumers, but a discussion comparing the compliance costs and
existing household spending patterns is provided below.

ADE’s report includes a comparable review of the incremental cost differences between existing
gas-fired appliances and electric units that, based on current market availability, are expected to
be the most common zero NOx appliance installation. For proposed Rule 9-4 amendments, an
incremental cost difference of $2,931 was used (installed costs of $8,027 compared to $5,096).
For proposed Rule 9-6 amendments, an incremental cost difference of $852 was used (installed
costs of $2,824 compared to $1,972). Additionally, installation costs for electrical panel
upgrades that may be necessary were estimated to be $4,256 for single family homes and
$2,744 for low-rise multi-family homes. The incremental installed cost and panel upgrade costs
were amortized over the equipment lifetime and combined with estimates of annual rate savings
to develop total annual net costs (as shown previously in Table 6-1). Further details on the
calculation of annualized net costs can be found in Appendix C.

It should be noted that these comparisons are based on existing costs using current
technologies and volumes of scale. The analysis does not make any assumptions about future
cost reductions, nor any rebate programs that often provide incentives for consumers to
upgrade to more efficient appliances. Potential future sources of funding and incentive
programs are discussed below. These issues are intended to be further evaluated as the
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market changes prior to the proposed zero NOx implementation dates through the
Implementation Working Group and interim reporting process, which are discussed in Section
IX.C of this report.

Detailed socioeconomic impacts of the proposed amendments can be found in the full report as
Appendix C. Overall, the level of potential impact will vary considerably by income range.
Existing household expenditures on major appliances and other household equipment accounts
for 1.1 percent to 5.7 percent of annual income, depending on the income range. The proposed
Rule 9-4 and Rule 9-6 amendments will potentially increase this by up to 1.0 percentage points
($252 per year) for space heaters and 0.4 percentage points ($102 per year) for water heaters
for the lowest income households. Additionally, shifts in consumer expenditures toward higher
appliance costs and away from other retail goods and services could result in potential job
losses in these sectors. During the highest impact implementation period (when both water
heaters and space heaters would be replaced), shifts in consumer spending could result in
potential annual losses of approximately 0.02 percent of jobs within the trade and services
sectors regionwide (286 losses annually compared to 1.5 million total trade and services jobs).

D. Funding and Incentives

There are a variety of funding and incentive sources that are currently available to Bay Area
residents who wish to install zero NOx emission heat pump furnace and water heater systems in
their homes and businesses. As discussed above, the socioeconomic impacts for the proposed
rule amendments were calculated without taking into account cost mitigations that may be
available from financing, rebate, or other incentive programs. This is because these programs
are currently small and are not consistently available to all consumers in the region. Through
federal and state legislation and budget planning processes, there are also plans to greatly
expand the funds and financing available and accessible over the course of the next decade.
Air District staff, along with the Implementation Working Group as discussed in Section IX.C,
intends to track the development of these programs and work with administrators and other
stakeholders to increase consumer awareness of and access to incentive funds. Table 6-2
summarizes significant funding sources that have recently been available to Bay Area residents.
Note that these funding sources may be limited to fully zero emission (electric) appliances and
may not provide funding for zero NOx emission natural gas-fired appliances if they are
developed.
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Table 6-2

Existing Funding Sources

2.04

Name of Funding | Amount Agency/ Area Type of applications

Source Funder

TECH $120 million | CEC California Jumpstart market for low

(Technology and emissions space and

Equipment for water heating

Clean Heating)3 technology/heat pumps
(over 4 years)

BUILD (Building $80 million | CEC California All electric new housing

Initiative for Low (new construction) (over

Emissions 4 years)

Development)®”

Equitable Building $622.4 million | CEC California Direct-install building

Decarbonization - retrofit program

low-income

installations3®

Equitable Building $300 million | CEC California Rebates for upgrades

Decarbonization - and replacement of fossil

consumer fuel equipment with

rebates®® electric

Self-Generation $84.7 million | CPUC California Demand-response

Incentive Program focused HPWH

(SGIP)*0 installations. Half of
funds reserved for low-
income customers

LIFT (Low-income $10.6 million | CPUC / Marin Whole building

Tenants and Marin Clean multifamily program -

Families) Program Energy energy efficiency and

fuel substitution in low-
income properties

36Borgeson, Merrian. CA Launches $200M in Programs to Reduce Building Emissions.
https://www.nrdc.org/experts/merrian-borgeson/ca-launches-200m-programs-reduce-building-emissions

37 1bid.

38 California State Budget 2022-2023. Accessed August 2022. https://www.ebudget.ca.qov/2022-

23/pdf/BudgetSummary/ClimateChange.pdf

39 1bid.

40 California Public Utilities Commission. CPUC Provides Additional Incentives and Framework for Electric
Heat Pump Water Heater Program. https://www.cpuc.ca.gov/news-and-updates/all-news/cpuc-provides-
additional-incentives-and-framework-for-electric-heat-pump-water-heater-program

41 California Public Utilities Commission. Fact Sheet: Heat Pump Water Heater Incentive Programs.
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/building-decarb/cpuc-

hpwh-and-electrification-fact-sheet q22020.pdf
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Name of Funding | Amount Agency/ Area Type of applications

Source Funder

Energy Efficiency $31 million | CPUC California Funds distributed for

and Fuel local installations of heat

Substitution pump water heaters,

Measures*? space conditioning and
dryers and induction
stoves

Energy Savings $735 million | CPUC PG&E Appliance replacements

Assistance (ESA) Territory and other energy savings

Program*3 for single family and
mobile homes (2021-
2026)

Energy Savings $263 million | CPUC PG&E Appliance replacements

Assistance (ESA) Territory and other energy savings

Program# for multifamily (2021-
2026)

Energy Savings $49 million | CPUC PG&E Studies, training,

Assistance (ESA) Territory workforce education and

Program#s training, marketing
education and outreach
(2021-2026)

Wood Smoke $2 million | BAAQMD Bay Area ghapge C?Ut'~322 vs;]ood

Program urning devices to heat
pumps

Some of the funding identified above, such as the TECH and BUILD programs have exhausted
their funding available in Pacific Gas and Electric territory, and therefore the Bay Area. Air
District staff anticipates the further expansion of these programs including more distributed
administration of these programs across all areas within the Air District’s jurisdiction.

In August 2022, the federal government finalized the Inflation Reduction Act (IRA) which
designates significant funds for a variety of programs related to reducing emissions related with
building appliances. Programs initiated in the IRA include direct rebate programs that will be
administrated through states as well as federal tax credits that are available now and will
continue through 2032. The IRA includes multiple programs that apply to space and water
heating appliances and other sources of energy usage in buildings. One significant program is
the allocation of $4.275 billion over 10 years for point-of-sale rebates to income-qualified
entities. These rebates allow for a maximum of $14,000 for the installation of new electric
space and water heating equipment and ancillary costs. This program is focused on low- and
middle-income entities in both single and multifamily residences, with 100 percent of project
costs covered where annual income is less than 80 percent of the area median income (AMI).
Fifty percent of project costs are covered when annual income is 80-150 percent of the AMI.
The IRA also extends and increases a blanket tax credit for the installation of compliant
appliances for all owners of their primary residence. Previously capped at $500, this tax credit

42 |pid.

43 California Public Utilities Commission. Decision 21-06-015.
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M387/K107/387107687.PDF
44 |bid.

45 |bid.
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will provide $2,000 per eligible homeowner annually through 2032. State administrative
agencies have up to two years to submit programmatic plans in order to receive IRA funds, at
which time more details on process and access will become available.

Through the Implementation Working Group and the interim reporting process, Air District staff
will continue to track and facilitate accessibility to funds, such as those described in this section,
to Bay Area residents. Air District staff will work to ensure necessary and relevant working
group membership, including staff from agencies responsible for disbursing state and federal
funds. Due to the continuing growth and interest in this space, staff expects the landscape of
funding and incentive programs to grow significantly over the next five to ten years and will
assess the impact of this growth on costs of compliance in interim reports to the Board of
Directors.

E. Valuation of Health Impacts

As previously discussed in Section V.l (Emissions and Emission Reductions; Exposure and
Health Impacts), Air District staff modeled the health impacts associated with current NOx
emissions from all space and water heating in residential and commercial buildings. The annual
avoided incidences of health impacts listed in Table 5-7 are further analyzed below in Table 6-3,
showing the potential valuation of these avoided incidences.

Table 6-3
Valuations of reductions in annual average PM, s concentrations due to an assumed case
that eliminates space and water heating natural gas combustion emissions in the Bay

Area
Health Impact? Total Valuation in 2020 U.S. Dollars,
Million Dollars Per Year
secondary PM, s Total PM, 5
Premature mortality
All causes® 230-530 380-870
Chronic/severe illness
Non-fatal acute myocardial 0.23-2.1 0.38-3.5
infarction (heart attack)
Hospital admission, neurological® 0.11 0.19
Incidence, out of hospital cardiac 0.019 0.03
arrest 0.059 0.096
Incidence, stroke 0.056 0.091
Incidence, lung cancer
Hospital admissions®
Respiratory® 0.028 0.045
Cardiovascularf 0.055 0.090
ER visits
Respiratory®9 0.013 0.021
Cardiovascular® 0.0084 0.014
Other effects
Restricted activity days 1.9 3.2
Work loss days 1.1 1.8
Hay fever/allergic rhinitis 0.31 0.52
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Health Impact? Total Valuation in 2020 U.S. Dollars,
Million Dollars Per Year
Secondary PM, 5 Total PM, 5

Asthma-related effects
Asthma symptoms/albuterol use 0.0037 0.0059
Onset of asthma 3.6 5.8
Sum
All health impacts included 240-540 400-890

a Each health impact is associated with one or more unique International Classification of Diseases-9-Clinical
Modification (ICD-9-CM) code(s) (Medicode, 1996).

b Includes all ICD-9 codes.

¢ First hospital admission (cause-specific, to indicate onset of the chronic disease) for dementia, Alzheimer’s disease,
or Parkinson’s disease (ICD-9 codes 290, 331.0, or 332, respectively), and other neurological morbidities.

d Hospital admissions due to acute exposure to air pollution are assumed to pass through the emergency room;
however, the calculated value of hospital admissions does not account for the cost incurred in the emergency
room visit. This strategy avoids double-counting.

¢ Includes all respiratory diseases (ICD-9 codes 460-519).

fIncludes cardio-, cerebro-, and peripheral vascular diseases (ICD-9 codes 410, omitting 410.x2; 410-414; 426-427,
428; 429; 430—438; 440—448).

9 Includes respiratory diseases (ICD-9 codes 480—486, 491, 492, 496, 460—465, 466, 477, 493, 786.07).

h Includes all cardiac outcomes (ICD-9 codes 390-549).

These valuations were determined using EPA’s May 2021 version BenMAP-CE paired with
three sets of health impact functions deemed appropriate for use in the Bay Area. Further
information about the methodology used and constraints of this modeling can be found in
Appendix E. BenMAP-CE was designed to estimate changes in human health due to changes
in air pollution levels and to estimate conventional valuations of these impacts (in 2020 U.S.
dollars). The valuation process considers the direct and indirect costs of illnesses as well as the
willingness to pay to avoid premature death. Direct costs include actual medical costs and lost
worker hours, while indirect costs reflect willingness to pay to avoid pain and suffering.

As previously discussed, the valuation of secondary PM, 5 reductions represented above in the
center column is associated with NOx emissions reductions. Therefore, the valuation of
secondary PM, 5 reductions captured in this modeling represent the potential direct benefits of
the emissions standards set forth in the proposed rule amendments. The righthand column of
Table 6-3 represents the valuation of total PM, 5 reductions and therefore includes primary PM, 5
emissions from space and water heating appliances. While it is expected that, based on
currently available zero NOx appliances, the amendments will result in the proliferation of
electric space and water heating appliances, the development of natural gas-fired appliances
that meet the proposed standards are possible. In that case, there still may be primary PM, 5
emissions from these appliances, depending on how they are designed, and the additional
savings represented in the Total PM, 5 column of Table 6-3 would not be fully realized.

Figure 6-1 below summarizes the health valuations shown in Table 6-3.
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Figure 6-1
Summary of Health Valuations

These health outcomes were also attributed to potential valuations, which are reported below in
Section VI.E (Economic Impacts; Valuation of Health Impacts) as well as in the full emissions
modeling analysis, Appendix E.

F. Air District Impacts

Staff anticipates that the proposed amendments to Rules 9-4 and 9-6 will require additional staff
time and resources.

The enforcement of the zero NOXx standard is anticipated to result in increased staffing needs
for the Compliance and Enforcement Division. While inspections to ensure continued
compliance are ongoing, general compliance with the existing requirements of Rule 9-4 and 9-6
has been established throughout the region. This is supported by the longevity of the existing
requirements as well as similar requirements throughout the state. As such, review of
certifications has been streamlined and point-of-sale enforcement is not currently resource-
intensive for the Air District.

In order to process certifications for compliant equipment and ensure point of sale compliance
with the proposed ultra-low NOx requirement in Section 9-4-301.2, staff anticipates the need to
allocate 0.5 FTE time to support the proposed rule amendments from January 1, 2024, through
January 1, 2027. This time also includes potential compliance and enforcement involvement in
the Implementation Working Group, addressing questions from retailers, distributors and other
stakeholders and pre-processing applications for appliances that are compliant with the zero
NOx standard.

Starting on January 1, 2027, which is the first zero NOx implementation date for small water
heaters, staff anticipates an ongoing need for one additional FTE in the Compliance and
Enforcement Division to ensure compliance with the requirements of Sections 9-6-301.3, 9-6-
301.5 and 9-6-303.5. This includes processing certifications for compliant equipment as well as
performing regular inspections at retailers and other appliance distribution locations.

Additionally, implementation of the proposed rule amendments will require ongoing support from
Rules and Strategic Policy and Planning and Climate Protection Divisions staff to facilitate and
participate in the Implementation Working Group as well as to draft and submit to the Board the
Interim Reports as required in Sections 9-4-405 and 9-6-404. Staff anticipates that the
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combined workload between these two divisions will amount annually to one FTE from January
1, 2023, to January 1, 2029.

There are no impacts to the Engineering Division of the Air District as equipment covered by
Rules 9-4 and 9-6 does not require an Air District permit to operate.

VIl. REGULATORY IMPACTS

Section 40727.2 of the California Health and Safety Code requires an air district, in adopting,
amending, or repealing an air district regulation, to identify existing federal and air district air
pollution control requirements for the equipment or source type affected by a proposed change
in air district rules. The air district must then note any differences between these existing
requirements and the requirements imposed by the proposed changes.

The proposed rule amendments impose changes to the pollution control requirements for
equipment historically subject to Rules 9-4 and 9-6. Air District staff is proposing a lower NOx
emission limit of 14 ng/joule in the near term for natural gas-fired fan type central furnaces. The
proposed rule amendments also include a zero NOx requirement with compliance dates ranging
from 2027 to 2031 for all-natural gas-fired furnaces and water heaters that are subject to the
rules.

Additionally, proposed amendments to Rule 9-4 would result in an expanded set of sources
being subject to these pollution control requirements. The proposed amendments expand the
applicability of the rule to devices used in non-residential settings as well as devices that are not
considered “fan-type central furnaces,” including wall furnaces, direct vent units and other
natural gas-fired space heating units.

There are currently no state or federal regulations addressing emissions of nitrogen oxides from
space and water heating appliances. In August 2022, the Sierra Club petitioned EPA to
regulate space and water heating appliances under section 111 of the federal Clean Air Act.46
That petition is currently pending EPA’s consideration. In the 2022 State SIP Strategy, the
California Air Resources Board signaled its intention to develop zero emission building
appliance rules with a draft 2030 implementation date. No draft rulemaking has yet been
proposed. The Air District’s proposed rule amendments specifically regulate NOx emissions
from furnaces and water heaters, while CARB has indicated that it will pursue zero emission
requirements for the same or similar sources. Air District staff sees the proposed rule
amendments as complementary to the plan laid out in the CARB SIP Strategy. With the state
showing its intent to regulate these sources in a similar manner, Air District staff expects market
growth, and therefore accessibility of zero NOx appliances, to accelerate.

46 Sierra Club, et al. Petition for Rulemaking to List Heating Appliances as a Source Category Under
Section 111(b)(1)(A) of the Clean Air Act and to Issue New Source Performance Standards for that
Category under Section 111(b)(1)(B).
https://www.sierraclub.org/sites/default/files/Sierra%20Club%20Heating%20Appliance%20Rulemaking %2
OPetition.pdf
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VIll. ENVIRONMENTAL IMPACTS

The California Environmental Quality Act (CEQA), Public Resources Code Section 21000 et
seq., require a government agency that undertakes or approves a discretionary project to
consider the potential impacts of that project on all environmental media. The Air District
contracts with an independent consultant to conduct a CEQA analysis of potential
environmental impacts for rule making projects.

A. Notice of Preparation and Initial Study

The Air District prepared a Notice of Preparation and Initial Study (NOP/IS) in anticipation of a
Draft Environmental Impact Report (DEIR) for proposed amendments to Rule 9-4 and Rule 9-6
and the NOP/IS was distributed to responsible agencies and interested parties for a 30-day
review on May 19, 2022. A notice of availability of this document was distributed and was
published on the Air District's website and in newspapers throughout the area of the Air
District’s jurisdiction. A CEQA scoping meeting was conducted on June 9, 2022, to solicit public
comment regarding the scope and content of the information to be included in the DEIR. The
NOP/IS initially identified the following environmental resources as being potentially significant,
requiring further analysis in the DEIR:

o Utilities and Service Systems,
e Air Quality, and
e Greenhouse Gas Emissions

Staff received eight written comments in response to this release, which are posted to the Air
District website. No verbal or written comments requested that the Air District expand the scope
of the planned DEIR.

B. Draft Environmental Impact Report

The Air District prepared a DEIR, which is included as Appendix G of this report, to address the
potential environmental impacts associated with the proposed amendments.

Impacts to air quality as well as greenhouse gas emissions and climate change were found to
be less than significant and beneficial. The potential emission reductions associated with the
proposed rule amendments are discussed in Section V of this Report as well as in the DEIR.

Impacts to utilities and service systems were found to be potentially significant. Air District staff
contracted with Energy and Environmental Economics (E3) to perform modeling to determine
potential additional electrical need associated with the proposed rule amendments. E3’s report
is incorporated here in Appendix D. E3 assumed, for purposes of determining the “worst case”
potential impact on the electric grid, that upon implementation of the proposed amendments all
currently installed natural gas-fired space and water heating appliances in the Bay Area would
be replaced with electric appliances upon burnout. E3 considered two potential baselines: a
more likely “High Policy” case pursuant to which California moves forward with rules and
regulations to meet its climate goals, including required heat pump adoption, and a “Low Policy”
case that represents business as usual, with no major policy changes supporting building
electrification and heat pump adoption other than currently existing incentives. Under the more
conservative Low Policy Reference Scenario evaluated by E3, the proposed rule amendments
would, over the long term, result in increased energy demand beyond the planned electric grid
capacity growth represented in this scenario. E3 estimated that the proposed zero NOx
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standards could result in 6.2 terrawatt-hours per year of additional electric load growth by 2050,
which would represent 2.2 percent of the total statewide electrical load by 2020 standards. The
E3 study estimates that this level of demand could be met by the development of approximately
2,180 MW of incremental utility-scale solar capacity, corresponding to 19,500 acres of direct
land use impacts. Almost all of this energy production is anticipated to occur outside of the Bay
Area, and a portion will likely be developed outside of California. Development of these potential
new energy resources is not part of the current project under review, but rather a potential
indirect impact of implementation of the proposed amendments. Selection, location,
development, review, and approval of any new energy resources is outside of BAAQMD'’s
jurisdiction and would be completed by other agencies. It is not possible to determine any
particular energy resource that would be developed to meet growing demand; that
determination is outside of BAAQMD'’s jurisdiction and is unknown and speculative at this

time. However, based on E3’s report, almost all of this energy production is anticipated to occur
outside of the Bay Area, and a portion of it will likely be developed outside California. The
potential construction and operational impacts associated with these energy facilities could be
potentially significant.

Following the release of the NOP and IS, Air District staff also determined that impacts related
to aesthetics and noise should also be further evaluated in the DEIR. As described in Appendix
G, aesthetics impacts were found to be less than significant, while noise impacts were found to
be potentially significant. The proposed amendments would result in the installation of
appliances and equipment, such as heat pump units, inside and outside of existing buildings.
While noise from these new appliances would vary depending on size, model, location, and use
type, this impact analysis conservatively evaluated the potential noise impacts from some of the
loudest commercial equipment that might be installed and found that these impacts may be
potentially significant. Lesser impacts may occur with smaller residential units and other
installation features, such as equipment enclosures or screenings, but it is likely that some
appliances would still exceed applicable standards in some locations and result in potentially
significant impacts.

Alternatives considered in the environmental analysis include a no project alternative (where the
proposed rule amendments are not adopted), an alternative with expedited compliance dates,
and an alternative with delayed compliance dates. The CEQA alternatives analysis is intended
to identify the alternative to minimize or avoid a project’s impact; as such, the alternative with
delayed compliance dates was identified as the "environmentally superior alternative” due to the
slight reduction of impacts on utilities and service systems compared to the proposed project. It
is important to note that this finding under CEQA is based on the minimization and avoidance of
environmental impacts, and the proposed project would result in a greater beneficial effect
related to air quality and climate change impacts due to emissions reductions occurring sooner.

C. Final Environmental Impact Report

Thirteen comment letters were received during the comment period that address issues raised
in the DEIR, and responses to those comments are included in the proposed Final EIR. No
revisions have been made to the content of the DEIR.

Prior to making a decision on the adoption of the proposed amendments to Rule 9-4 and Rule
9-6, the Air District’s Board of Directors must review and certify the Final EIR as providing
adequate information on the potential adverse environmental impacts of these actions. The
proposed Final EIR concludes that there are potentially significant impacts associated with
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utilities and service systems (energy resources) as relocation or construction of new or
expanded electric facilities may occur in response to the proposed rule amendments. These
facilities could result in adverse environmental impacts. The proposed Final EIR also concludes
that equipment used to comply with the proposed rule amendments could result in potentially
significant noise impacts from long-term operational noise. Because impacts to noise and
utilities and service systems remain potentially significant, the Board of Directors must also
adopt a Statement of Overriding Considerations in order to move forward with the adoption of
the proposed amendments to Rule 9-4 and Rule 9-6. While the potential utility resources and
noise impacts warrant close and careful consideration by the Board, Staff believes the air
pollution control and public health benefits of the proposed amendments described throughout
this Staff Report outweigh the potential adverse impacts related to utility systems and noise.

IX. RULE DEVELOPMENT / PUBLIC PARTICIPATION PROCESS

A. Public Participation during Rule Development Process

Air District staff initially received feedback from the public and the Air District Board of Directors
on approaches to addressing emissions from building appliances at a November 2020
presentation to the Climate Protection Committee. Staff presented initial rule development
concepts to the Stationary Source and Climate Impacts Committee and public stakeholders in
April 2021. The Board and public both expressed general support for staff's proposed concepts
and emphasized the need for swift action in this space but also noted the importance of
balancing complicating factors, such as equity and the availability of funding mechanisms for
incentives and subsidies.

Air District staff has reached out to and met with regulatory, community and industry experts in
the space and water heating and building sectors. This includes manufacturers, advocates,
community organizers, research organizations, utilities, labor representatives, community choice
aggregators, and other regulatory bodies such as Bay Area cities, SCAQMD, the California Air
Resources Board and the California Energy Commission. Staff has presented as requested at
existing industry working groups convened by groups such as the Building Decarbonization
Coalition and Stop Waste.

In addition, staff convened a stakeholder working group to discuss specific issues relating to
Rules 9-4 and 9-6 and drafting amendments. This working group included community and
environmental advocates, equipment manufacturers, local city staff and representatives from
the SCAQMD, the California Air Resources Board, the California Energy Commission and
Pacific Gas and Electric, among others. Air District staff has convened four meetings of this
group in Q2 and Q3 of 2021. These meetings consisted of:

o A "kickoff’ meeting to discuss general direction of the rule amendments and equity
concerns;

e Two meetings to discuss technical issues specifically related to space and water heating
issues, respectively;

¢ An equity focused working group meeting.

All meetings of the group were held as interactive webinars including discussion questions for

stakeholder response and use of Google Jamboards. Depending on interest in the specific
topic, these meetings were attended by approximately 20-40 stakeholders.
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On September 30, 2021, staff released draft amendments to Rules 9-4 and 9-6 as well as a
workshop report for public review. Staff then held a virtual public workshop on the evening of
October 7, 2021, to discuss and receive feedback on the draft amendments. The workshop was
attended by over 40 stakeholders and members of the public and staff received valuable
feedback for consideration. Staff additionally presented to the Stationary Source and Climate
Impacts committee on October 18, 2021, to discuss the draft amendments. The committee
directed staff to continue in the current direction of rulemaking, with additional considerations for
community and stakeholder involvement following potential rule amendment adoption. Staff
updated the Stationary Source and Climate Impacts Committee on November 15, 2021, on
public comments received and proposed an alternate schedule to allow for additional
stakeholder engagement, environmental review, and cost analysis. Staff presented to the
committee in April 2022 and provided updates on project timelines and recent work on this
effort.

Staff released the CEQA Notice of Preparation (NOP) of an Environmental Impact Report (EIR)
and Initial Study (IS) and held a scoping meeting in May 2022. Staff received eight written
comments in response to this release, which are posted to the Air District website. No
commenters requested that the Air District expand the scope of the planned DEIR. Staff
additionally updated to the Board of Directors and the public on the status and makeup of the
implementation working group and presented the health impacts modeling included in this Staff
Report, at the October 17, 2022, Stationary Source and Climate Impacts Committee meeting.
On February 15, 2023, the Air District Board of Directors discussed funding options for
retrofitting low-income homes with cleaner appliances with an emphasis on ensuring
accessibility for all consumers.

On December 20, 2022, Air District staff released an initial Staff Report, proposed amendments
to Rule 9-4 and Rule 9-6 and a draft Environmental Impact Report for public review and
comment. Staff accepted and responded to written comments and will present a final proposal
to the Air District Board of Directors for its consideration at a Public Hearing on March 15, 2023.
At the Public Hearing, the Air District Board of Directors will consider the final proposal and
receive public input before taking any action on the proposed amendments to Rule 9-4 and
Rule 9-6.

B. Considerations to Ensure Equitable Outcomes

The proposed rule amendments for both Rules 9-4 and 9-6 include the requirement that interim
reports be brought to the Board of Directors by the APCO no later than two years prior to the
three compliance dates for the zero NOy standards. During the 2021 working group meetings,
Air District staff discussed guiding principles and factors that should be included in this analysis
with stakeholders throughout the rule development process as well as specifically during the
most recent stakeholder working group meeting. The following guiding questions have served
Air District staff throughout the course of this rule amendment process:

e Who stands to benefit most from the implementation of this policy? Who may be
disproportionately burdened by this policy?

e Who is missing from this process and how can we ensure their concerns are
represented and addressed?

e What unintended consequences could result from these proposed amendments if they
were adopted as envisioned/intended? What steps can be taken to mitigate these
adverse impacts?
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e What additional barriers might prevent individuals in certain racial/ethnic/socioeconomic
groups from benefitting fully from this policy? Are their further ways to maximize
equitable outcomes?

o How will impacts and performance be documented and evaluated? What methodologies
will be used? How will results be used?

Staff will continue to consider these questions throughout the time frame between rule adoption
and the future effective date of the zero NOy standards. These questions will additionally serve
to guide the interim report included in the proposed amendments. Further, staff will report on
the status of the following factors at the time of the interim reports:

Access to economic benefits, including robust market availability and affordability;
Ease of installation and coordination with local requirements;

Assurance that policy promotes affordable housing and anti-displacement outcomes;
Access to health and safety benefits, including resiliency during climate events;
Potential infrastructure impacts associated with rule compliance.

C. Implementation Working Group

Staff plans to convene a formalized ongoing Implementation Working Group (IWG) to support
the proposed rule amendments after potential adoption and leading up to the proposed zero
NOx compliance dates. Air District staff have been working to form this implementation working
group along with a third-party facilitator.

The IWG, once formed, is intended to be an information-gathering body and to provide a forum
to discuss technical and community/equity aspects and issues pertaining to building appliance
rule amendments the Air District adopts. Although the IWG will not be a decision-making body,
IWG input will be considered in the implementation process, and feedback may be incorporated
into interim reporting materials as deemed appropriate by the Air District. The Air District will
retain its independent decision-making role in the interim reporting process.

The IWG is intended to consist of a variety of stakeholders with different areas of expertise in
reference to the implementation of the rule amendments. This may include community-based
organizations, environmental justice groups, advocacy, and subject matter expert organizations,
building technology experts, affordable and market rate housing developers and managers,
local and state government staff, funding and financing agencies, equipment manufacturers and
distributors, tenant representation organizations and labor organizations. The anticipated
makeup and specific organizations represented will be presented at the public hearing for
adoption of the proposed rule amendments. Implementation Working Group members will have
access to stipends for their work which will be administered, as appropriate, through the Air
District’s third-party facilitator.

Topics included in the scope of the IWG and that will be investigated through the course of their
work include the market availability of compliant technology, projected costs of purchasing and
installing compliant technology, incentive programs and other funding and financing available to
Bay Area residents, and potential challenges and opportunities for facilitating an equitable
implementation. Accessibility of compliant technology as well as funding and financing
programs to low-income residents and small businesses will be a focus of the Implementation
Working Group.
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The IWG will provide critical input and information to staff that staff will consider when preparing
interim reports for the Board. This input may include the following:
« Costs, technology/appliance availability, impacts to different stakeholder groups (e.g.,
renters, homeowners, small businesses, industry, local governments);
« Suggestions on new/enhanced funding/financing streams for lower income
households;
« Status of zero NOx technology/appliance development, costs, and economic
incentives;
« Potential barriers, including affordability for residents, and interventions needed to meet
the compliance deadlines in Air District Rules; and
« Potential adjustments or guardrails to the Rule implementation timeline so that
technology readiness, infrastructure readiness, available financing/investments, and cost
feasibility are aligned.

The IWG process will consist of a dual focused approach, which will allow the IWG to ensure
that both technical considerations as well as equity-based considerations are addressed. This
will be achieved through the creation of a technical subcommittee as well as a community/equity
subcommittee. The technical subcommittee will focus on appliance development and
availability, costs of implementation, and existing economic incentives. The community/equity
subcommittee will focus on affordability, equity, and incentives to address the needs and
challenges associated with the implementation of these rule amendments.

D. Overview of Comments Received

During the written comment period (December 20, 2022 through February 6, 2023), Air District
staff received letters from 565 commenters that represent a variety of stakeholders commenting
on the regulatory package. Commenters included a public utility, the California Air Resources
Board, local governments, equipment manufacturers, industry groups, environmental groups,
community organizations, and individual members of the public. 404 of the correspondence
expressed strong support for the adoption of the proposed amendments. Comments received
covered a wide range of topics, including support for the proposals, along with concerns
including, but not limited to, the cost of compliance, environmental impacts of the proposal,
electric grid capacity and reliability, possibility for emergency replacements, and the cost and
timeline associated with potentially needed electric panel upgrades.

The Response to Comments document in Appendix H provides a detailed listing of the
comments received, the commenters, and the Air District staff’'s response to the comments
received, including comments on the DEIR.

X. CONCLUSION/RECOMMENDATIONS

Pursuant to the California Health and Safety Code Section 40727, before adopting, amending,
or repealing a rule the Board of Directors must make findings of necessity, authority, clarity,
consistency, non-duplication, and reference. This section addresses each of these findings.

A. Necessity

As stated in California Health and Safety Code Section 40727(b)(1), “Necessity’ means that a
need exists for the regulation, or for its amendment or repeal, as demonstrated by the record of
the rulemaking authority.”
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The San Francisco Bay Area does not currently attain all state and national ambient air quality
standards for ozone or particulate matter, and further reductions of ozone precursor and
particulate matter emissions are needed for attainment and maintenance of the standards. The
proposed amendments to Rule 9-4 and Rule 9-6 would reduce nitrogen oxide and secondary
particulate matter emissions from space and water heating appliances which are a large area
source of these pollutants in the Bay Area. The proposed amendments to Rule 9-4 and Rule 9-
6 are needed to ensure attainment and maintenance of these ambient air quality standards and
to provide clean air and public health benefits.

Space and water heating appliances generate a substantial portion of NOx emissions from all
sources (including mobile) in the Bay Area, and these emissions contribute to the formation of
secondary particulate matter. These emissions result in PM exposures in communities
throughout the Bay Area, which can contribute to a number of adverse health outcomes,
including premature deaths. In addition, the health impact modeling described in this report
indicates that these exposures are not distributed equally amongst different communities and
race/ethnicity groups. The proposed amendments to Rule 9-4 and Rule 9-6 are needed to
achieve these reductions in emissions and pollutant exposures throughout the Bay Area and
would yield substantial health benefits in these communities and throughout the jurisdiction of
the Air District.

B. Authority

The California Health and Safety Code Section 40727(b)(2) states that “Authority’ means that a
provision of law or of a state or federal regulation permits or requires the regional agency to
adopt, amend, or repeal the regulation.”

The Air District has the authority to adopt these rule amendments under Sections 40000, 40001,
40702, and 40725 through 40728.5 of the California Health and Safety Code.

C. Clarity

The California Health and Safety Code Section 40727(b)(3) states that “Clarity’ means that the
regulation is written or displayed so that its meaning can be easily understood by the persons
directly affected by it.”

The proposed amendments to Rule 9-4 and 9-6 are written so that their meaning can be easily
understood by the persons directly affected by them. Further details in the Staff Report clarify
the proposals, delineate the affected industry, compliance options, and administrative
requirements for the industries and persons subject to this rule.

D. Consistency

The California Health and Safety Code Section 40727(b)(4) states that “Consistency’ means
that the regulation is in harmony with, and not in conflict with or contradictory to, existing
statutes, court decisions, or state or federal regulations.”

The proposed amendments to Rule 9-4 and Rule 9-6 are consistent with other Air District rules
and not in conflict with state or federal law.
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E. Non-Duplication

The California Health and Safety Code Section 40727(b)(5) states that “Nonduplication’ means
that a regulation does not impose the same requirements as an existing state or federal
regulation unless a district finds that the requirements are necessary or proper to execute the
powers and duties granted to, and imposed upon, a district.”

The proposed amendments to Rule 9-4 and Rule 9-6 are non-duplicative of other statutes,
rules, or regulations.

F. Reference

The California Health and Safety Code Section 40727(b)(6) states that “Reference’ means the
statute, court decision, or other provision of law that the district implements, interprets, or makes
specific by adopting, amending, or repealing a regulation.”

By adopting the proposed amendments to Rule 9-4 and Rule 9-6, the Air District Board of
Directors will be implementing, interpreting or making specific the provisions of California Health
and Safety Code Sections 40000, 40001, 40702 and 40727.

The proposed amendments to Rule 9-4 and Rule 9-6 have met all legal noticing requirements,
have been discussed with the regulated community and other interested parties, and reflect
consideration of the input and comments of many affected and interested stakeholders.

G. Recommendations

Staff prepared a Final EIR and Response to Comments for the Board’s consideration after
consideration of comments on the proposed amendments, DEIR, and the initial Staff Report.
Following a review of public comments, Air District staff recommends that the Air District Board
of Directors (1) certify the Final EIR and adopt of Statement of Overriding Considerations due to
the potentially significant noise and utility systems impacts of the proposed amendments; and
(2) adopt the proposed amendments to Regulation 9, Rule 4: Nitrogen Oxides from Fan Type
Residential Central Furnaces and Regulation 9, Rule 6: Nitrogen Oxides Emissions from Natural
Gas-Fired Boilers and Water Heaters.

Staff also recommends that the Air District submit the proposed rule amendments to EPA for

inclusion in the State Implementation Plan. This action will be brought before the Board of
Directors separately, if the Board adopts the proposed rule amendments.
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REGULATION 9
INORGANIC GASEOUS POLLUTANTS
RULE 4
NITROGEN OXIDES FROM_NATURAL GAS-FIRED FAN-TYPE RESIDENTHAL
CENTRAL FURNACES

INDEX

9-4-100 GENERAL

9-4-101 Description
9-4-102 Applicability

9-4-200 DEFINITIONS

9-4-201 FanType-Central-Furnace

9-4-2012 Annual Fuel Utilization Efficiency (AFUE)
9-4-202 BTU

9-4-203 Furnace

9-4-204 Heat Input

9-4-205 Natural Gas

9-4-206 Nitrogen Oxides (NOx)

9-4-2073 Useful Heat Delivered to the Heated Space

9-4-300 STANDARDS

9-4-301 Residential-Central-Natural Gas-Fired Ffurnace Emission Standards
9-4-302 Certified Furnaces

9-4-400 ADMINISTRATIVE REQUIREMENTS

9-4-401 Certification

9-4-402 Compliance Statement
9-4-403 Identification

9-4-404 Enforcement

9-4-405 Interim Report

9-4-500 MONITORING AND RECORDS (NOT INCLUDED)
9-4-600 MANUAL OF PROCEDURES (NOTINCLUDED)

9-4-601 Determination of Emissions

Bay Area Air Quality Management District PROPOSED: March 15, 2023
9-4-1
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REGULATION 9
INORGANIC GASEOUS POLLUTANTS

RULE 4
NITROGEN OXIDES FROM NATURAL GAS-FIRED FAN-TYRPE RESIDENTIAL
CENTRAL FURNACES

9-4-100 GENERAL

9-4-101 Description: This Rule limits emissions of nitrogen oxides from natural gas-fired fan
type-residential-central furnaces.

(Amended December 7, 1983)

9-4-102 Applicability: This Rule applies to any person who sells, installs, or offers for sale a
natural gas-fired furnace for use within the District (Section 9-4-300s Standards) and
any manufacturer who intends to sell or distribute for sale or installation a natural gas-
fired furnace for use within the District (Section 9-4-400s Administrative Requirements
and Section 9-4-600s Manual of Procedures).

9-4-200 DEFINITIONS

9-4-201

9-4-2012 Annual Fuel Utilization Efficiency_(AFUE): The efficiency as defined by Section
4.2.35 of the_ Code of Federal Regulations, Title 10, Part 430, Subpart B, Appendix N.

(Amended December 7, 1983)

9-4-202 BTU: British thermal unit or units.

9-4-203 Furnace: A product with a heat input rate less than 175,000 BTU/hr which is designed
to be a source of interior space heating.

203.1 Natural Gas-Fired Furnace: A furnace that utilizes single-phase, three-phase
or direct current in conjunction with natural gas.

203.2 Natural Gas-Fired Fan Type Central Furnace: A self-contained space
heater providing for circulation of heated air at pressures other than
atmospheric through ducts more than 25 cm (10 in) in length with a heat input
rate of less than 175,000 BTU/hr. This includes combination heating/cooling
units with natural gas heating and also an electric cooling rate less than 65,000
BTU/hr.

9-4-204 Heat Input: The heat of combustion based on the gross (higher) heating value of the
fuel, excluding the enthalpy of incoming combustion air.
9-4-205 Natural Gas: A mixture of gaseous hydrocarbons containing at least 80 percent

methane by volume as determined by ASTM Standard D1945, 2003.

9-4-206 Nitrogen Oxides (NO,): The sum of nitrogen oxide (NO) and nitrogen dioxide (NO,),
collectively expressed as nitrogen dioxide.
9-4-2073 Useful Heat Delivered to the Heated Space: The Annual Fuel utilization efficiency

(expressed as a fraction) multiplied by the heat input.
(Amended December 7, 1983)
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9-4-300

9-4-301

9-4-302

9-4-400

9-4-401

STANDARDS

Residential- Central-Natural Gas-Fired Furnace Emission Standards:—A-person

than-40-nanograms-of-oxides-of-nitrogen-expressed-as-NO,per-joule-of useful-heat
delivered-to-the-heated-space- A person shall not sell, install or offer for sale within the
District:

301.1 Any stationary residential natural gas-fired fan type central furnace
manufactured after January 1, 1984, that emits more than 40 nanograms of
nitrogen oxides expressed as NO, per joule of useful heat delivered to the

heated space.

301.2 Any natural gas-fired fan type central furnace manufactured after January 1,
2024, that emits more than 14 nanograms of nitrogen oxides expressed as
NO, per joule of useful heat delivered to the heated space.

301.3  Any natural gas-fired furnace manufactured after January 1, 2029, that emits
more than 0.0 nanograms of nitrogen oxides expressed as NO, per joule of
useful heat delivered to the heated space. This includes non-central
installations such as wall furnaces as well as units installed in non-residential

applications.

This section does not apply to furnaces used for mobile homes.
(Amended December 7, 1983)

Certified Furnaces: A person shall not sell, install or offer for sale within the District
furnaces subject to the requirements of Section 9-4-301 unless such furnaces are
certified in accordance with Sections 9-4-401, 402, 403, and 404.

(Amended and Renumbered December 7, 1983)

ADMINISTRATIVE REQUIREMENTS

Certification: The manufacturer shall have each appliance model tested in

accordance with the following:

401.1 Nitrogen oxides, carbon dioxide and oxygen measurements, test equipment,
and other required test procedures shall be in accordance wrth@xrde&ef

aaprevedﬂb%theﬁ%&w

401.2 Operation of the furnace shall be in accordance with the procedures specified
in Section 3.1 of the Code of Federal Regulations, Title 10, Part 430, Subpart
B, Appendix N.

401.3 Thefollowing-caleulation-One of the two formulas shown below shall be used

to determine the nanegrams emissions of NOx in units of nanograms per joule
of useful heat delivered to heated space:

3.655x 1010x p

(209-Y)XZXE
or
_ 4566 x 10*x P x U

HXCXE

N =
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9-4-402

9-4-403

9-4-404

9-4-405

= Nanegrams-Calculated mass emissions of NOy per unit of useful heat

(nanogramsernitted per joule of useful heat delivered to the heated
space).
P = Measured concentration of NOx in flue gas (Pparts per million ef-NOx
by volume).
= Measured concentration Percentage of O, in flue gas (percentage by
volume).

= Gross Hheating value of gas in(joules per cubic {meter)® at 0.0 degrees
Celcisus, 1 atm).
E = AFUE (percentage), as defined in Section 9-4-201.
= Velume—percent—Concentration of CO, in water-free flue gas for
stoichiometric combustion (percentage by volume).
H = Gross heating value of the fuel; (BTU/eu—ft per cubic foot, {60°F, 30-in
Hg.).
C = Measured velume-percent concentration of CO, in water-free-flue gas;
(percentage by volume)-assuming-complete-combustion-and-no-CO
present.

(Amended December 7, 1983)

Compliance Statement: The manufacturer shall submit to the APCO a_either of the

following:

402.1 A statement that each affected furnace the model-meets the standards set
forth in Section 301 of this Rule. The statement shall be signed and dated,
and shall attest to the accuracy of all information. The statement shall include
the brand name and model number as its appears on the furnace rating plate.;
and-be on-forms-provided-by the APCO. or

402.2 A valid South Coast Air Quality Management District (SCAQMD) certification
for SCAQMD Rule 1111 for furnaces demonstrating compliance with Section
9-4-301.2.

(Amended December 7, 1983)

Identification: The manufacturer shall display the model number of the furnace
complying with this rule on the shipping carton and rating plate.

Enforcement: The APCO may require the emission test results to be provided when
deemed necessary to verify compliance and may periodically conduct such tests as
are deemed necessary to iensure compliance.

Interim Report: At least two years prior to the compliance date listed in Section 9-4-

9-4-600

301.3, the APCO shall present to the Air District Board of Directors for consideration
at_a public meeting a report that includes the technology options currently (and
projected to be) available to be sold, installed or offered for sale that do not conflict
with the standard in Section 9-4-301.3; the projected costs of purchase and installation
of such technology, including any ancillary costs, as applicable; any incentive
programs available to reduce these costs; and infrastructure readiness associated with
rule compliance.

MANUAL OF PROCEDURES

9-4-601

Determination of Emissions: Furnaces subject to Sections 9-4-301 and 302 shall be

tested in accordance with the following provisions:

601.1 Each furnace model shall receive certification based on emission tests of a
randomly selected unit of that furnace model.

601.2 The measurement of nitrogen oxides emissions shall be conducted in
accordance US EPA Reference Method RM-7 (40 CFR Part 60, Appendix A,
Test Method 7E.
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601.3 The measurement of carbon dioxide shall be conducted in accordance with
the Manual of Procedures, Volume IV, Method ST-5 or US EPA Method 3A.

601.4 The measurement of oxygen shall be conducted in accordance with the
Manual of Procedures, Volume IV, Method ST-14 or US EPA Method 3A.
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REGULATION 9
INORGANIC GASEOUS POLLUTANTS
RULE 6
NITROGEN OXIDES EMISSIONS FROM
NATURAL GAS-FIRED BOILERS AND WATER HEATERS

INDEX

9-6-100 GENERAL

9-6-101 Description
9-4-102 Applicability
9-6-110 Exemptions

9-6-200 DEFINITIONS

9-6-201 Boilers and Water Heaters
9-6-202 BTU

9-6-203 Direct-Vent Water Heater
9-6-204 Heat Input

9-6-205 Heat Output

9-6-206 Instantaneous Water Heater
9-6-207 Mobile Home Water Heater
9-6-208 Natural Gas

9-6-209 NO, Emissions

9-6-210 Pool/Spa Heater

9-6-211 Power Direct-Vent Water Heater
9-6-212 Power-Vent Water Heater
9-6-213 Rated Heat Input Capacity
9-6-214 Storage Tank Water Heater

9-6-300 STANDARDS

9-6-301 Natural Gas-Fired Storage Tank Water Heaters with a Rated Heat Input Capacity of
75,000 BTU/Hour or Less

9-6-302 Certification of Boilers and Water Heaters

9-6-303 Natural Gas-Fired Boilers and Water Heaters with a Rated Heat Input Capacity of
75,001 to 2,000,000 BTU/Hour

9-6-304 Natural Gas-Fired Mobile Home Water Heaters

9-6-305 Natural Gas-Fired Pool/Spa Heaters

9-6-400 ADMINISTRATIVE REQUIREMENTS

9-6-401 Compliance with Emission Standards

9-6-402 Compliance Statement Application-for-Certification
9-6-403 Identification

9-6-404 Interim Report

9-6-500 MONITORING AND RECORDS (Not Included)
9-6-600 MANUAL OF PROCEDURES

9-6-601 Determination of Emissions

Bay Area Air Quality Management District PROPOSED: March 15, 2023
9-6-1

Page 75 of 1403



REGULATION 9
INORGANIC GASEOUS POLLUTANTS
RULE 6
NITROGEN OXIDES EMISSIONS FROM NATURAL GAS-FIRED WATER
HEATERS

(Adopted April 1, 1992)
9-6-100 GENERAL

9-6-101 Description: This rule limits the emissions of nitrogen oxides from natural gas-fired
water heaters and boilers.
(Amended November 7, 2007)

9-6-102 Applicability: This Rule applies to any person who sells, installs, or offers for sale a
natural gas-fired water heater for use within the District (Section 9-6-300s Standards)
and any manufacturer who intends to sell or distribute for sale or installation a natural
gas-fired water heater for use within the District (Section 9-6-400s Administrative
Requirements and Section 9-6-600s Manual of Procedures).

9-6-110 Exemptions: The requirements of Section 9-6-301 shall not apply to the following:

110.1 Natural gas-fired boilers and water heaters with a rated heat input capacity of
greater than 2,000,000 BTU/Hour.

110.2 Natural gas-fired water heaters used in recreational vehicles.

110.3 Water heaters using a fuel other than natural gas.

110.4 Natural gas-fired pool/spa heaters with less than 400,000 Btu/Hour rated heat
input capacity used exclusively to heat swimming pools, hot tubs or spas.

(Amended November 7, 2007)

9-6-200 DEFINITIONS

9-6-201 Boilers and Water Heaters: Any combustion equipment used to heat water or produce
steam and that is not exclusively used to produce electricity for sale. For the purposes
of this Rule, a boiler does not include any waste heat recovery boiler that is used to
recover sensible heat from the exhaust of a combustion turbine or any unfired waste
heat recovery boiler that is used to recover sensible from the exhaust of any
combustion equipment.

(Adopted November 7, 2007)

9-6-202 BTU: British thermal unit or units.
(Adopted November 7, 2007)
9-6-203 Direct-Vent Water Heater: A storage tank water heater with air intake and exhaust
ducts that use a gravity system to collect air from outside a building for combustion and
exhaust combustion byproducts to the outside of a building.
(Adopted November 7, 2007)

9-6-204 Heat Input: The heat of combustion released by fuels burned in a unit based on the
higher heating value of fuel. This does not include the enthalpy of incoming
combustion air.

(Adopted November 7, 2007)

9-6-205 Heat Output: The product obtained by multiplying the recovery efficiency, as defined
by Section 6.1.3 of the Code of Federal Regulation, Title 10, Part 430, Subpart B,

Appendix E, by the input rating of the water heater.
(Renumbered November 7, 2007)

Bay Area Air Quality Management District PROPOSED: March 15, 2023
9-6-2
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9-6-206

9-6-207

9-6-208

9-6-209

9-6-210

9-6-211

9-6-212

9-6-213

9-6-214

9-6-300

9-6-301

Instantaneous Water Heater: A device in which water is heated only when the water
flows through a heat exchanger.
(Adopted November 7, 2007)

Mobile Home Water Heater: A closed vessel manufactured exclusively for mobile
home use in which water is heated and is withdrawn for use external to the vessel at
pressures not exceeding 160 psig, including the apparatus by which heat is generated
and all controls and devices necessary to prevent water temperatures from exceeding
210°F (99°C).

(Adopted November 7, 2007)

Natural Gas: A mixture of gaseous hydrocarbons containing at least 80 percent
methane by volume as determined according to Standard Method ASTM D1945-64.
(Renumbered November 7, 2007)

NO, Emissions: The sum of nitric oxide and nitrogen dioxide in the flue gas,
collectively expressed as nitrogen dioxide.
(Adopted November 7, 2007)

Pool/Spa Heater: A device in which water is heated when pool or spa water circulates
through a heat exchanger.
(Adopted November 7, 2007)

Power Direct-Vent Water Heater: A storage tank water heater with an air intake duct
outside of a building with a blower installed to assist in the expulsion of exhaust gases.
(Adopted November 7, 2007)

Power-Vent Water Heater: A storage tank water heater with an air intake duct outside
of a building with a blower installed to assist in the expulsion of exhaust gases.
(Adopted November 7, 2007)

Rated Heat Input Capacity: The heat input capacity specified on the nameplate of the
combustion unit.
(Renumbered November 7, 2007)

Storage Tank Water Heater: A closed vessel, in which water is heated and is
withdrawn for use external to the vessel at pressures not exceeding 160 psig, including
the apparatus by which heat is generated and all controls and devices necessary to
prevent water temperatures from exceeding 210°F.

(Renumbered November 7, 2007)

STANDARDS

Natural Gas-Fired Storage Tank Water Heaters with a Rated Heat Input Capacity

of 75,000 BTU/Hour or Less:

301.1  No person shall sell, install, or offer for sale within the District any natural gas-
fired storage tank water heater, manufactured after July 1, 1992, with a rated
heat input capacity of 75,000 BTU/Hour or less, that emits more than 40
nanograms of nitrogen oxides (calculated as NO,) per joule of heat output.

301.2 No person shall sell, install, or offer for sale within the District any natural gas-
fired storage tank water heater less than or equal to 50 gallons capacity that
is manufactured after January 1, 2009, and that emits more than 10
nanograms of nitrogen oxides (calculated as NO;) per joule of heat output.
This subsection shall not apply to direct-vent, power-vent, power direct-vent
water storage tank heaters and water heaters used for mobile homes.
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301.3

301.4

301.5

No person shall sell, install, or offer for sale within the District any natural gas-
fired storage tank water heater greater than 50 gallons capacity that is
manufactured after January 1, 2010, and that emits more than 10 nanograms
of nitrogen oxides (calculated as NO,) per joule of heat output. This subsection
shall not apply to direct-vent, power-vent, power direct-vent storage tank water
heaters and water heaters used for mobile homes.

No person shall sell, install, or offer for sale within the District any natural gas-
fired storage tank water heater that is manufactured after January 1, 2011, and
that emits more than 10 nanograms of nitrogen oxides (calculated as NO,) per
joule of heat output. This subsection shall not apply to water heaters used for
mobile homes.

No person shall sell, install, or offer for sale within the District any natural gas-

fired storage tank water heater that is manufactured after January 1, 2027,
with a rated heat input rating of 75,000 BTU/hour or less, that emits more than
0 nanograms of nitrogen oxides (calculated as NO,) per joule of heat output.
This subsection shall not apply to mobile home water heaters.

(Amended November 7, 2007)

9-6-302 Certification of Boilers and Water Heaters: No person shall sell, install, or offer for
sale within the District any water heaters subject to Section 9-6-301, 303, 304, or 305
unless the water heater manufacturer brand name and model is certified in accordance
with Sections 9-6-401 and 402.

(Amended November 7, 2007)

9-6-303 Natural Gas-Fired Boilers and Water Heaters with a Rated Heat Input Capacity of
75,001 to 2,000,000 BTU/Hour:

303.1

303.2

303.3

303.4

303.5

No person shall sell, install, or offer for sale within the District any large natural
gas-fired boiler, storage tank water heater, or instantaneous water heater with
a rated heat input capacity from 75,001 to 400,000 BTU/Hour, inclusive,
manufactured after January 1, 2008, that emits more than 40 nanograms of
nitrogen oxides (calculated as NO,) per joule of heat output.

No person shall sell, install, or offer for sale within the District any large natural
gas-fired boiler, storage tank water heater, or instantaneous water heater with
a rated heat input capacity from 75,001 to 400,000 BTU/Hour, inclusive,
manufactured after January 1, 2013, that emits more than 14 nanograms of
nitrogen oxides (calculated as NO,) per joule of heat output.

No person shall sell, install, or offer for sale within the District any large natural
gas-fired boiler, storage tank water heater, or instantaneous water heater with
a rated heat input capacity from 400,001 to 2,000,000 BTU/Hour, inclusive,
manufactured after January 1, 2008, that emits more than 20 nanograms of
nitrogen oxides (calculated as NO,) per joule of heat output, or more than 30
ppm NO, at 3% O, dry.

No person shall sell, install, or offer for sale within the District any large natural
gas-fired boiler, storage tank water heater, or instantaneous water heater with
a rated heat input capacity from 400,001 to 2,000,000 BTU/Hour, inclusive,
manufactured after January 1, 2013, that emits more than 14 nanograms of
nitrogen oxides (calculated as NO) per joule of heat output, or more than 20
ppm NO, at 3% O, dry.

No person shall sell, install, or offer for sale within the District any large natural

gas-fired boiler, storage tank water heater, or instantaneous water heater with
a rated heat input capacity from 75,001 to 2,000,000 BTU/Hour, inclusive,
manufactured after January 1, 2031, that emits more than 0.0 nanograms of
nitrogen oxides (calculated as NO,) per joule of heat output.

(Adopted November 7, 2007)

9-6-304 Natural Gas-Fired Mobile Home Water Heaters: No person shall sell, install, or offer
for sale within the District any natural gas-fired mobile home water heater
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9-6-305

9-6-400

9-6-401

9-6-402

manufactured after January 1, 2008, that emits more than 40 nanograms of nitrogen
oxides (calculated as NO,) per joule of heat output.
(Adopted November 7, 2007)

Natural Gas-Fired Pool/Spa Heaters:

305.1 No person shall sell, install, or offer for sale within the District any natural gas-
fired pool/spa heater with an input rating from 400,001 to 2,000,000 BTU/Hour,
inclusive, manufactured after January 1, 2008, that emits more than 40
nanograms of nitrogen oxides (calculated as NO,) per joule of heat output, or
more than 55 ppm NO, at 3% O,, dry.

305.2 No person shall sell, install, or offer for sale within the District any natural gas-
fired pool/spa heater with an input rating from 400,001 to 2,000,000 BTU/Hour,
inclusive, manufactured after January 1, 2013, that emits more than 14
nanograms of nitrogen oxides (calculated as NO,) per joule of heat output, or
more than 20 ppm NO, at 3% O,, dry.

(Adopted November 7, 2007)

ADMINISTRATIVE REQUIREMENTS

Compliance with Emissions Standards: The manufacturer shall obtain confirmation
from an independent testing laboratory that each boiler or water heater model it intends
to sell or distribute for sale into the District that is subject to the requirements of
Sections 9-6-301, 303, 304, or 305 has been tested in accordance with the procedures
in Section 9-6-601.

(Amended November 7, 2007)

Compliance Statement: Application—forCertification:—The manufacturer shall

submit to the APCO either of the following:

402.1 The Each manufacturer shall submit an-application-a statement to the APCO
that each boiler or water heater model meets the emission standard set forth
in Section 9-6-301 or 9-6-303.-for-certification-of- theircompliant-boilerorwater
heater-meodel The compliance statement application must:

402.1.1 Provide the following general information: name and address of
manufacturer, brand name, trade name, model number and heat
input rating as it appears on the water heater rating plate.

.2 Provide a description of the model being certified

3 Include a complete certification source test report demonstrating

that the boiler or water heater model was tested in accordance with

procedures in Section 9-6-601 and a written statement that the
model complies with Section 9-6-301, 303, 304, or 305-and-is-tested

in-accordance with-procedures-in-Section-9-6-601.

402.1.4 Be submitted to the Bistrict APCO no more than 90 days after the
date of the emissions compliance test conducted in accordance with
Section 9-6-401.

402.1.5 Be submitted to the Bistrict APCO no less than 90 days before the
intention to sell or distribute a new water heater model within the
District, or no less than 90 days before the effective dates in Section
9-6- 301 303 304 305

manufacturer may shall shaII submit to the D+stnet APCO an approved South Coast
Air Quality Management District (SCAQMD) certification issued pursuant to
SCAQMD Rules 1121 and 1146.2 to demonstrate compliance that-complies

Bay Area Air Quality Management District PROPOSED: March 15, 2023

9-6-5

Page 79 of 1403



9-6-403

9-6-404

with Section 9-6-301.1 through 301.4, 303.1 through 303.4, 304, or 305. This
option does not apply to units demonstrating compliance with Sections 9-6-
301.5 and 303.5.

(Amended November 7, 2007)

Identification: The water heater manufacturer shall display the model number and the
certification status of a water heater complying with this rule on the shipping carton and
on the rating plate of each unit.

(Amended November 7, 2007)

Interim Report: At least two years prior to the compliance date listed in Sections 9-6-

9-6-600

9-6-601

301.5 and 303.5, the APCO shall present to the Air District Board of Directors for
consideration at a public meeting a report that includes the technology options currently
(and projected to be) available to be sold, installed or offered for sale that do not conflict
with the standard in Section 301.3; the projected costs of purchase and installation of
such technology, including any ancillary costs, as applicable; any incentive programs
available to reduce these costs; and infrastructure readiness associated with rule

compliance.

MANUAL OF PROCEDURES

Determination of Emissions: Emissions of oxides of nitrogen from water heaters
subject to Sect|on 9- 6 301, 303, 304, or 305 shaII be tested in aeeerdaaeewﬁh%he

4995—9Hn accordance W|th the foIIowmg prOV|S|ons

601.1 Each water heater model shall receive certification Cenfirmation—shall-be
based on emission tests of a randomly selected unit of that each water heater
model.

601.2 The measurement of nitrogen oxides emissions shall be conducted in
accordance with the-Manual-of Procedures; Volume-1V,-Method-ST-13B-or
EPA Reference Method 7, including 7A-7E.

601.3 Each tested water heater shall be operated in accordance with Section 2.4 of
American National Standards ANSI Z21.10.1-1990 at normal test pressure,
input rates, and with a five-foot exhaust stack installed during the nitrogen
oxides emissions tests.

601.4 The following procedure shall be used to calculate the NO, emission rate in
nanograms of NOy per joule of heat output:

_ 4.566x10* xPxU
HxCxE

Where:

N =NOy Emission Rate in nanograms of NO, emitted per joule of heat
output

P = Concentration of NO, in the flue gas in parts per million (volume)

U =Dry volume percent of CO, in flue gas necessary for stoichiometric
combustion

H = Gross heating value of the gas, BTU/ft® (at 60°F and 30"Hg)

C =Dry volume percent of CO; in flue gas

E = Recovery efficiency, percentage, as defined in Section 6.1.3 of the
Code of Federal Regulation, Title 10, Part 430, Subpart B, Appendix E.

(Amended November 7, 2007)
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1. INTRODUCTION

INTRODUCTION

The Bay Area Air Quality Management District (BAAQMD or Air District) has proposed amendments to
Regulation 9, Rule 4: Nitrogen Oxides from Fan Type Residential Central Furnaces (Rule 9-4); and
Regulation 9, Rule 6: Nitrogen Oxides Emissions from Natural Gas-Fired Boilers and Water Heaters
(Rule 9-6). Rule 9-4 primarily applies to gas-fired space-heating furnaces that are primarily found in
single-family residences, while Rule 9-6 applies to natural-gas-fired water heaters that have
residential and commercial applications. Larger commercial boilers are regulated under Rule 9-7, and
thus not applicable to the proposed amendments. The 2017 Clean Air Plan identified the importance of
reducing NOx emissions from residential space heaters.

Both Rule 9-4 and Rule 9-6 currently regulate nitrogen oxide (NOx) emissions, and set emission limits
for the applicable appliance categories governed by those rules. The proposed rule amendments seek
to significantly reduce NOx emissions, and natural gas-fired furnaces and water heaters constitute a
major source of those pollutants.

The proposed amendments to Rule 9-4 include a near-term reduction in the emission limit from 40
nanograms (ng) of NOx per joule to 14 ng/joule. Products meeting this standard are widely available
and can generally be fitted into existing installations without substantial upgrades.

However, over the longer-term the primary change that the Rule 9-4 and 9-6 amendments will
introduce is a zero-NOx emissions standard for both furnaces and water heaters. Currently, while
technologies exist that do not emit NOx, these technologies are largely electric appliances, rather than
natural gas-fired appliances. If natural gas-fired appliances that meet the zero-NOx standard are not
developed before it is implemented, retailers would be expected to sell, and consumers would be
expected to purchase and install, electric appliances that do not emit NOx. This would entail a broad
change to the market for those types of appliances, because while zero-NOx appliances are available
today, they have had limited market adoption. In addition, they can incur greater costs than existing
appliances because in addition to the higher appliance costs, the transition to those technologies may
also include necessary electric panel upgrades. Because the market has not yet seen the large-scale
introduction of appliances that would meet the zero-NOx emissions standard, BAAQMD is considering a
timeline that would see the introduction of this standard from 2027 to 2031.

Rule 9-4 and Rule 9-6 currently apply to new devices, and do not mandate retrofitting of existing
appliance installations. The proposed amendments do not change this part of the rules. While the
regulation applies to wholesalers, retailers, and installers, its potential impact will primarily affect
consumers at the time that they need to replace an existing natural gas-fired furnace or water heater
at the end of its useful life.
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REPORT ORGANIZATION

After this introduction, the report discusses the proposed rule amendments in Section 2. Section 3
describes the socioeconomic impact analysis methodology and data sources. Section 4 goes over the
population and economic trends within the nine-county San Francisco Bay Area, and provides context
for the BAAQMD rule amendments. Lastly, the socioeconomic impacts from the proposed rule

amendments are discussed in Section 5.

The report is prepared pursuant to Section 40728.5 of the California Health and Safety Code, which
requires an assessment of socioeconomic impacts of proposed air quality rules and amendments. The
findings in this report can assist BAAQMD in understanding the socioeconomic impacts of the proposed

requirements, and can assist staff in preparing refined versions of the rule amendments, if needed.
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2. BACKGROUND AND OVERVIEW
OF PROPOSED RULE 9-4 AND
RULE 9-6 AMENDMENTS

OVERVIEW

The proposed amendments to Rule 9-4 and Rule 9-6 aim to substantially reduce NOx emissions in the
Bay Area. Residential natural gas-fired furnaces and water heaters make up a substantial source for
these emissions. The types of appliances covered under Rule 9-4 and 9-6 are primarily installed in
residences. The proposed rule amendments would not mandate retroactive appliance upgrades, and

would only apply for new installations and replacement units.

The proposed amendments to Rule 9-4 would first introduce a new “ultra-low-NOx” requirement for
central furnaces in 2024.This would lower the allowable NOx emissions from 40 ng/joule to 14
ng/joule, and only apply to residential installations. This would align the BAAQMD with emission
standards already enforced by the SCAQMD in the Southern California region and SJVUAPCD in the
Central Valley region.

The Rule 9-4 amendments, as currently proposed, would introduce a zero-NOx standard to take effect

in 2029. This would apply to residential and commercial space heating appliances.

The Rule 9-6 amendments, as currently proposed, would introduce a zero-NOx standard to take effect
between 2027 - 2031. This would apply to residential and commercial water heating devices.

NATURAL GAS USE

Natural gas is the most frequently used heating fuel for Bay Area homes. The 2017 Clean Air Plan
found that natural gas appliances in residential buildings represent the primary source of NOx
emissions, with a greater tonnage of emissions than passenger vehicles. While other building
appliances can also consume natural gas and generate NOx emissions, about 89 percent of the
residential NOx emissions come from furnaces and water heaters.

The Bay Area is currently designated a non-attainment area for particulate matter and ozone pollution.
NOx emissions are considered a precursor to the formation of both secondary particulate matter and
ozone. Therefore, reductions in NOx levels can also help reduce particulate matter and ozone. While
the focus of Rule 9-4 and Rule 9-6 is NOx emissions reduction, natural gas-fired furnaces and water
heaters also represent 96 percent of the greenhouse gas (GHG) emissions originating from residential
buildings.

EMISSION CONTROL METHODS

The substantial NOx emission reductions entailed by the proposed rule amendments will largely occur
through a transition from currently designed natural gas-fired appliances to appliances that will have
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zero-NOx emissions at the source. Existing natural gas-fired appliances currently have a direct impact
on regional air quality because they vent the NOx emissions outside from point sources inside places

of residence.

Rule 9-4 includes an initial reduction in the allowable NOx emissions from furnaces from 40 ng/joule to
14 ng/joule. This mandate for ultra-low NOx emission furnaces would follow similar rules already
enacted by the SCAQMD and SJVUAPCD, and can be met using technologies and products that are

widely used and available in volume.

The proposed zero-NOx standard would begin to phase-in starting in 2027 for small water heaters and
2029 for space heating appliances. While the proposed rule amendments do not specify technologies
or emission control methods to meet the zero-NOx standard, the appliances currently available on the
market that do not emit NOx mainly consist of electric-powered appliances. The proposed rule
amendments would allow the use of natural gas and other technologies if appliances that meet the

zero-NOx standard become available.

Initial emission reductions projected by the Air District show that the mandate for ultra-low NOx
furnaces will result in a 65 percent reduction in per-unit NOx emissions as older units are replaced
between 2024 and 2029. The introduction of the zero-NOx standards will further reduce the NOx
emissions with an overall reduction of 95 percent by 2046, when complete equipment changeout is

reached.

Additional reductions in GHGs will also occur, as some natural gas-fired appliances will be replaced by
electric appliances. However, the overall reduction will vary depending on whether zero-NOx
appliances in future also include natural gas-fired units that are designed to meet this standard, and if
so, how many consumers choose to purchase those units versus electric appliances.
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3. METHODOLOGY

Because the proposed amendments to Rule 9-4 and Rule 9-6 will likely have the greatest potential
economic impact on residential consumers, the analysis is focused on consumer spending behavior
and how the potential added expenses from appliance upgrades might factor into those spending
patterns. Applied Development Economics (ADE) began this analysis by looking at the income
distribution patterns in the Bay Area to see how the proposed rule amendments might impact

households based on their income, poverty status, and whether they are homeowners or renters.

In order to identify household characteristics and accompanying spending patterns, ADE used data
from the U.S. Census American Community Survey (ACS) and the Bureau of Labor Statistics
Consumer Expenditure Survey (CES). The ACS is an annual survey of households that is used to
identify socioeconomic characteristics by geographic area, and how they change on an annual basis.
Because the analysis focused on the nine Bay Area counties served by the Air District, all of the data

comes from the combined county-level data.

The analysis used the one-year sample ACS data for 2019, because the 2020 ACS data had data
collection issues from the COVID-19 pandemic. The reported data for 2020 is considered experimental
by the Census Bureau, and might not be comparable to previous years. The median incomes used in
the analysis come directly from the ACS data. Because the Bay Area combines data from the nine
counties, the median income was estimated by proportionally weighting the number of households

within the income range where the midpoint of total households stands.

The CES data is an ongoing household survey of consumer spending administered by the Bureau of
Labor Statistics in order to calculate the Consumer Price Index (inflation rate). This data includes
spending information by category, including housing, transportation, retail goods, services, and
investments. For the socioeconomic analysis, the CES data is used to identify the proportion of
household spending that goes towards major appliance and household equipment purchases. The data
is cross-tabulated based on income range, homeownership status, and other household
characteristics. This provides a useful benchmark for comparing existing household spending patterns

with the potential cost of compliance for the Rule 9-4 and Rule 9-6 amendments.

Because the CES data is a national survey, some of the household spending patterns had to be scaled
to Bay Area household incomes, which are generally higher than the national averages. For the renter
and homeowner spending patterns, the analysis took the national averages and scaled the spending to

the Bay Area median incomes using the CES cross-tabulations by income range.

In order to determine potential impacts on household consumers, the analysis considers the costs of
zero-NOx upgrades for both water heaters and central space heaters. Because the only currently
available zero-NOx appliances are electric-powered, this analysis assumes for purposes of a
conservative “worst case” estimate of costs that consumers will purchase electric appliances as well as
incur additional ancillary installation costs (including potential electric panel upgrades) that would be

associated only with switching from natural gas-fired to electric appliances.
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Households already need to account for potential space heating and water heater replacement costs.
Because of this, the analysis focuses on the incremental difference in household costs that would
result from the proposed rule amendments. The Energy Information Administration uses an assumed
equipment lifetime of 13 years for water heaters and 18 years for space heating appliances, and those
benchmarks were used to annualize the compliance costs.

The compliance costs used in the analysis are primarily from a study completed in 2021 by Lawrence
Berkeley National Laboratory. The data from this study was used because it includes the project costs
for current gas-fired appliances, as well as electric appliances. This allows for a more comparable
review of the incremental cost differences between existing gas-fired appliances and zero-NOx
emission models that would be required under the Rule 9-4 and Rule 9-6 amendments. It should be
noted that these comparisons are based on existing costs using current technologies and volumes of
scale. The analysis does not make any assumptions about future cost reductions, nor any rebate
programs that may be available to provide incentives for consumers to upgrade appliances.
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4. ECONOMIC AND DEMOGRAPHIC
TRENDS

This section of the report discusses the larger context of the Air District region within which the
proposed Rule 9-4 and Rule 9-6 amendments would apply. This section includes a broad overview of
demographic and economic trends, and discussion of households potentially affected by the proposed
rule amendments.

REGIONAL POPULATION TRENDS

Table 4-1 tracks population growth in the nine-county San Francisco Bay Area between 2008 and
2021, including data for the year 2015. Between 2008 and 2015, the region grew by 0.6 per year,
compared to 0.3 percent for the state as a whole. Since 2015, the Bay Area region has had a lower
growth rate than the state. Overall, there are about 7,703,000 people in the region. At 1,934,200,
Santa Clara County has the most people, while Napa has the least, at 137,600. Contra Costa grew
the fastest between 2008 and 2021, at 0.7 percent a year, while Marin and Sonoma lost population.

Table 4-1: Population Trends: Bay Area Counties, Region, and California, 2008-2021

08-15 15-21 08-21

JURISDICTION 2015 CAGR CAGR CAGR
California 38,292,687 39,131,307 39,782,870 0.3% 0.3% 0.3%
SF Bay Area 7,375,678 7,671,279 7,703,016 0.6% 0.1% 0.3%

Alameda 1,556,657 1,632,599 1,656,591 0.7% 0.2% 0.5%
Contra Costa 1,060,435 1,128,405 1,153,854 0.9% 0.4% 0.7%
Marin 258,618 263,327 257,774 0.3% -0.4% 0.0%
Napa 137,571 141,607 137,637 0.4% -0.5% 0.0%
San Francisco 845,559 872,723 875,010 0.5% 0.0% 0.3%
San Mateo 745,858 767,921 765,245 0.4% -0.1% 0.2%
Santa Clara 1,857,621 1,931,565 1,934,171 0.6% 0.0% 0.3%
Solano 426,729 430,530 438,527 0.1% 0.3% 0.2%
Sonoma 486,630 502,602 484,207 0.5% -0.6% 0.0%

Source: ADE, Inc., based on California Dept. of Finance E-5 Reports (note: CAGR = compound annual growth rate)

REGIONAL ECONOMIC TRENDS

Data in Table 4-2 describe the larger economic context within which officials are contemplating the
proposed amendments to Rules 9-4 and 9-6. Employers in the region employ 3.7 million workers.
The number of jobs in the region grew annually by 1.3 percent between 2008 and 2015, the period
that included the Great Recession. This was almost twice the rate of job growth statewide during this
period. Since 2015, the region’s job growth showed no growth, as the COVID-19 pandemic had a
devastating impact on the leisure and hospitality sectors. By comparison, the state had a modest 0.2
percent job growth.
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The economic sectors in Table 4-2 are sorted by the share of total employment in 2020. The top-five
sectors in the Bay Area in terms of total number of workers are Professional and Business Services
(NAICS 54-55) (745,400 workers); Educational and Health Services (NAICS 61-62) (575,300
workers); Trade, Transportation and Utilities (523,500 workers); Government (443,600 workers),
which also includes public sector health and education jobs; and Manufacturing (NAICS 31-33)
(352,700).

Table 4-2: San Francisco Bay Area Employment Trends By Sector: 2008 - 2020

2020

2020 CA

SFBA
% OF % OF CAGR*
INDUSTRY SECTOR 2015 2020 TOTAL TOTAL 08-15

Total, All Industries 3,377,300 | 3,692,400 | 3,693,500 | 100.0% | 100.0% | 1.3% | 0.0% | 0.7% | 0.2%

5456 ELosfiisessKs)nsaelr?/?c%s 593,200 | 699,300 | 745,400 | 20.2% | 15.9% | 2.4% | 1.3% | 1.5% | 0.9%

61.62 E‘;‘;ft?]t'ggra\'nz‘gg 455,600 | 550,500 | 575,300 | 15.6% | 16.2% | 2.7% | 0.9% | 5.1% | 2.2%

42, 44- | Trade,

45, 48- | Transportation, and 552,400 | 566,300 | 523,500 | 14.2% | 17.6% | 0.4% | -1.6% | 0.4% | -0.1%
49, 22 | Utilities

Government 478,400 | 466,200 | 443,600 | 12.0% | 14.7% | -0.4% | -1.0% | -0.5% | 0.3%

31-33 | Manufacturing 342,900 | 334,300 | 352,700 | 9.5% | 7.7% | -0.4% | 1.1% | -1.4% | -0.3%

1172 h?:;irtzli';d 336,300 | 405,700 | 297,400 | 8.1% | 9.1% | 2.7% | -6.0% | 2.2% | -4.0%

51 | Information 118,100 | 166,000 | 240,100 | 6.5% | 3.2% | 5.0% | 7.7% | 0.4% | 1.8%

11'251’ Zr?éuéilniteri%l:irgrfs 199,600 | 194,200 | 219,900 6.0% 7.8% | -0.4% | 2.5% | -0.3% | 1.8%

- i i iviti , y N . 0 . (o] -U. 0 . (o] -U. (o] - (o]

52-53 | Financial Activities 188,100 | 187,400 | 191,600 |  5.2% 5.0% | -0.1% | 0.4% | -0.9% | 0.6%

81 | Other Services 112,900 | 122,900 | 104,000 | 2.8% | 2.8% | 1.2% | -3.3% | -5.1% | -2.4%

Source: Applied Development Economics, based on State of California, Employment Development Department Labor Market

Information Division, “Quarterly Census of Employment and Wages” *Note: CAGR = compound annual growth rate; **Note: Public

sector education and public sector health included in government.

The fastest job growth rates since 2015 have been in Information Services, which includes many

internet businesses, followed by Natural Resources and Construction; Professional and Business

Services; and Educational and Health Services.

The table demonstrates the advanced nature of the regional economy, as over 26 percent of all jobs

are in the combined Professional, Business, and Information services categories, compared to 19.1

percent for the state.

In addition, manufacturing in the Bay Area grew at an average annual rate of

1.1 percent between 2015 and 2020, while the sector declined by 0.3 percent during this period

statewide. This is due in large part to the many technology-driven industries that are concentrated in

that category in the Bay Area.

TRENDS FOR HOUSEHOLDS SUBJECT TO PROPOSED RULE
AMENDMENTS

INCOME DISTRIBUTION

As shown in Table 4-3, the income distribution for the nine Bay Area counties shows a very high

proportion of households (25.4 percent) with an annual income above $200,000. San Francisco, San

Mateo, and Santa Clara counties each have over 30 percent of households in this high-income range.
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over $200,000 in annual income.

Solano (10.1 percent) and Sonoma (13.3 percent) have the lowest concentration of households with

Table 4-3: Income Distribution for Bay Area Region and Counties, 2019

HOUSEHOLDS BY INCOME RANGE

Estimated

HOUSEHOLDS BY INCOME RANGE

PERCENT OF TOTAL

PERCENT OF TOTAL

BAY AREA
REGION

SAN
FRANCISCO
COUNTY

BAY AREA
REGION

SAN

FRANCISCO
COUNTY

ALAMEDA
COUNTY

SAN
MATEO
COUNTY

ALAMEDA
COUNTY

SAN
MATEO
COUNTY

CONTRA
COSTA
COUNTY

SANTA
CLARA
COUNTY

CONTRA
COSTA
COUNTY

SANTA
CLARA
COUNTY

MARIN
COUNTY

SOLANO
COUNTY

MARIN
COUNTY

S{e]W:\\[e]
COUNTY

NAPA
COUNTY

Total Households 2,733,300 574,700 393,700 105,100 48,800
Less than $15,000 172,700 43,500 24,300 6,200 3,200
$15,000 to $29,999 178,300 41,800 23,900 7,400 2,900
$30,000 to $39,999 127,100 25,100 20,700 5,700 2,300
$40,000 to $49,999 125,600 25,800 17,100 5,800 3,900
$50,000 to $69,999 256,700 53,900 38,200 8,800 5,600
$70,000 to $99,999 360,400 74,100 59,000 13,800 8,200
$100,000 to $149,999 481,400 109,400 74,400 16,800 8,500
$150,000 to $199,999 336,700 73,500 47,900 10,600 5,500
$200,000 and more 698,900 127,600 88,200 30,000 8,700
Median Income (Bay Area $115,400 | $108,300 | $107,100 | $110,800 | $92,800

SONOMA
COUNTY

Total Households 368,100 263,800 640,400 151,100 | 187,700
Less than $15,000 33,300 11,100 30,700 9,800 10,600
$15,000 to $29,999 26,800 15,400 35,700 11,400 13,100
$30,000 to $39,999 13,900 10,600 28,400 9,200 11,200
$40,000 to $49,999 13,700 11,300 24,300 9,900 13,700
$50,000 to $69,999 29,600 21,200 55,500 19,100 24,800
$70,000 to $99,999 37,600 28,900 74,800 28,500 35,600
$100,000 to $149,999 54,900 44,700 105,900 30,900 35,800
$150,000 to $199,999 43,700 33,600 85,000 16,400 20,500
$200,000 and more 112,400 88,100 203,400 15,200 25,300
Median Income $123,900 | $138,500 | $133,100 $86,700 | $87,800

NAPA
COUNTY

Less than $15,000 6.3% 7.4% 6.1% 5.9% 6.7%
$15,000 to $29,999 6.5% 7.1% 6.0% 7.0% 5.9%
$30,000 to $39,999 4.6% 4.3% 5.2% 5.4% 4.7%
$40,000 to $49,999 4.6% 4.4% 4.3% 5.5% 8.2%
$50,000 to $69,999 9.3% 9.2% 9.6% 8.4% 11.6%
$70,000 to $99,999 13.1% 12.7% 14.8% 13.1% 17.0%
$100,000 to $149,999 17.5% 18.7% 18.6% 15.9% 17.8%
$150,000 to $199,999 12.2% 12.6% 12.0% 10.0% 11.4%
$200,000 and more 25.4% 21.8% 22.1% 28.5% 18.1%

SONOMA
COUNTY

Less than $15,000 9.1% 4.2% 4.8% 6.5% 5.6%
$15,000 to $29,999 7.3% 5.8% 5.5% 7.6% 6.9%
$30,000 to $39,999 3.8% 4.0% 4.4% 6.1% 5.9%
$40,000 to $49,999 3.8% 4.3% 3.8% 6.6% 7.2%
$50,000 to $69,999 8.1% 8.0% 8.6% 12.7% 13.0%
$70,000 to $99,999 10.3% 10.9% 11.6% 18.9% 18.7%
$100,000 to $149,999 15.0% 16.9% 16.5% 20.5% 18.8%
$150,000 to $199,999 11.9% 12.7% 13.2% 10.9% 10.7%
$200,000 and more 30.7% 33.3% 31.6% 10.1% 13.3%

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample.
Note: Median income for the Bay Area is a computed average using the combined household counts for the nine
Bay Area counties.
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In the lower range, about 12.8 percent of Bay Area households have an annual income below

$30,000. San Francisco (16.4 percent) has the highest concentration of households in this lower

income range, while San Mateo (10.0 percent) and Santa Clara (10.3 percent) counties have the

lowest concentration.

Using data from the ACS, the nine-county Bay Area region had an estimated median household
income of approximately $115,400 in 2019 (Table 4-4). San Mateo ($138,500) and Santa Clara
($133,100) counties had the highest median incomes, while Sonoma ($86,700) and Solano ($87,800)
had the lowest.

INCOME GROWTH BY HOUSING TENURE

Since 2010, the Bay Area has had relatively modest household growth, increasing from 2.61 million
households in 2010 to 2.73 million households in 2019 (Table 4-4). However, during this time, the
income levels have increased significantly in real dollar terms, as shown in Table 4-4. In 2019, the

estimated median income for Bay Area households was $115,400. This represents a compounded

annual growth rate (CAGR) of 4.7 percent compared to 2015 ($96,100), and 3.3 percent compared to

2010 ($86,300). The median income for renter households grew at a faster rate than for homeowners,
with 5.5 percent CAGR between 2015 and 2019, and a 5.1 percent CAGR between 2010 and 2019.
The median income for homeowners grew at a CAGR of 3.2 percent going back to 2015 and a 2.3
percent CAGR from 2010 to 2019.

INCOME BY HOUSING
TENURE

Total Households
Less than $5,000
$5,000 to $9,999
$10,000 to $14,999
$15,000 to $19,999
$20,000 to $24,999
$25,000 to $34,999
$35,000 to $49,999
$50,000 to $74,999
$75,000 to $99,999
$100,000 to
$149,999
$150,000 or more
Estimated Median
Income (2019
Dollars)

Table 4-4: San Francisco Bay Area Household Income Growth by Housing Tenure

TOTAL BAY
AREA
HOUSEHOLDS
(2019)

2,733,300
56,300
34,500
81,800
55,400
61,300
127,000
186,500
320,900
295,000
480,600

1,034,100
$115,400

OWNER-
OCCUPIED

(2019)
1,515,100
18,000
10,100
18,900
20,400
23,700
52,400
77,900
148,700
148,800
278,000

718,400
$142,900

RENTER-
OCCUPIED

(2019)
1,218,200
38,300
24,500
62,900
35,000
37,600
74,600
108,700
172,200
146,200
202,600

315,700
$84,500

TOTAL BAY
AREA
HOUSEHOLDS
(2015)

2,664,600
59,100
54,900
97,600
78,100
89,200
162,100
242,200
372,100
313,200
467,200

729,000
$96,100

OWNER-
OCCUPIED

(2015)
1,466,100
18,900
14,100
23,000
27,600
33,300
63,800
105,200
180,200
169,900
292,400

537,600
$125,800

RENTER-
OCCUPIED

(2015)
1,198,500
40,300
40,800
74,500
50,500
55,900
98,400
136,900
191,900
143,300
174,700

191,400
$68,300

TOTAL BAY
AREA
HOUSEHOLDS
(2010)

2,606,300
68,400
61,200
111,200
96,800
107,300
185,300
282,100
414,000
324,200
449,000

507,000
$86,300

OWNER-
OCCUPIED

(2010)
1,459,900
18,600
14,900
28,000
31,300
37,700
74,600
122,200
215,400
194,700
310,000

412,600
$116,100

RENTER-
OCCUPIED

(2010)
1,146,400
49,800
46,300
83,200
65,500
69,700
110,700
159,900
198,500
129,500
139,000

94,300
$54,200

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample.
Note: Median income for the Bay Area is a computed average using the combined household counts for the nine Bay Area counties.

INCOME DESIGNATIONS

The U.S. Department of Housing and Urban Development (HUD) designates an upper limit for different

income classifications. These thresholds are based on the percentage of the median household income

for a particular geographic region. The base income definitions include low-income (80 percent of

median income), very low-income (50 percent of median income), and extremely low-income (30
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percent of median income). The upper limits are adjusted based on regional housing costs and other

factors.

For the nine-county Bay Area region, there are six different metro areas as shown below.! Each of

these metro areas has a different definition for low, very low, and extremely low income.

®  Oakland-Fremont, CA HUD Metro FMR Area (Alameda and Contra Costa)

®  San Francisco, CA HUD Metro FMR Area (San Francisco, San Mateo, and Marin)

u Napa, CA MSA (Napa County)

®  San Jose-Sunnyvale-Santa Clara, CA HUD Metro FMR Area (Santa Clara County)

"  Vallejo-Fairfield CA MSA (Solano County)

®  Santa Rosa, CA MSA (Sonoma County)

In 2021, the upper limit of what HUD classified as low-income for a family of four in the Bay Area

ranged from $77,600 in Solano County to $146,350 in San Francisco, San Mateo, and Marin counties.

The incomes considered very low for a family of four ranged from $48,550 to $91,350, while the
extremely low-income limit ranged from $29,150 to $54,800, as shown in Table 4-5.

Table 4-5: Income Designations by County, 2019 to 2021

INCOME LEVELS BY

COUNTY FOR FAMILY OF
FOUR

Alameda County
Contra Costa County
Marin County
Napa County
San Francisco County
San Mateo County
Santa Clara County
Solano County
Sonoma County

2021
Low
INCOME
(80%)
$109,600
$109,600
$146,350

$90,050
$146,350
$146,350
$117,750
$77,600
$93,050

2021 2021
VERY LOW | EXTREMELY
INCOME Low
(50%) INCOME
$68,500 $41,100
$68,500 $41,100
$91,350 $54,800
$56,850 $34,100
$91,350 $54,800
$91,350 $54,800
$82,850 $49,700
$48,550 $29,150
$58,150 $34,900

2019 2019
Low VERY Low
INCOME INCOME
(80%) (50%)
$98,550 $61,650
$98,550 $61,650
$129,150 $80,600
$79,500 $50,200
$129,150 $80,600
$129,150 $80,600
$103,900 $73,150
$68,550 $42,850
$86,400 $54,000

2019
EXTREMELY
Low
INCOME
$37,150
$37,150
$48,350
$30,100
$48,350
$48,350
$43,900
$25,750
$32,400

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample.

1 The metropolitan statistical area (MSA) definitions are maintained by the Office of Management and Budget
(OMB). However, HUD will use a custom geographic area for purposes of calculating the fair market rent used to

adjust the income group definitions.
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POVERTY

In 2019, the Bay Area had a combined 79,100 families living in poverty (Table 4-6). This represents
4.4 percent of the total families in the Bay Area (this does not include non-family households that
comprised 35 percent of the total Bay Area households), as shown in Table 4-6. Compared to 2010
and 2015, the proportion of families living under the federal poverty line has gone down.

Table 4-6: San Francisco Bay Area Families with Income Below Poverty Level, 2010 to 2019

INCOME INCOME INCOME
BELOW PERCENT BELOW PERCENT BELOW PERCENT
POVERTY BELOW POVERTY BELOW POVERTY BELOW
FAMILIES LEVEL POVERTY FAMILIES LEVEL POVERTY FAMILIES LEVEL POVERTY
BAY AREA COUNTY (2019) (2019) LEVEL (2015) (2015) LEVEL (2010) (2010) LEVEL
Bay Area Region 1,790,600 79,100 4.4% | 1,792,900 119,200 6.6% | 1,669,800 123,100 7.4%
Alameda 381,900 20,300 5.3% 383,300 28,700 7.5% 350,200 32,400 9.3%
Contra Costa 283,800 15,800 5.6% 280,500 21,100 7.5% 261,700 17,700 6.8%
Marin 64,600 2,400 3.7% 66,100 2,800 4.2% 64,700 3,400 5.3%
Napa 31,600 1,500 4. 7% 33,100 2,400 7.3% 32,600 3,200 9.8%
San Francisco 167,900 8,200 4.9% 164,200 11,800 7.2% 149,600 11,400 7.6%
San Mateo 180,900 5,700 3.2% 185,700 9,400 5.1% 171,200 7,500 4.4%
Santa Clara 452,200 14,800 3.3% 456,200 24,500 5.4% 424,900 29,100 6.8%
Solano 105,500 6,600 6.3% 103,100 9,900 9.6% 99,100 9,400 9.5%
Sonoma 122,300 3,800 3.1% 120,800 8,500 7.0% 115,900 9,000 7.8%

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample.

As shown in Table 4-7, the federal poverty thresholds will vary depending on the size of the
household/family, ranging from $12,490 for a single-resident household/family to $43,430 for a
family/household of eight residents in 2019. This increased to a range of $12,880 (one person) to
$44,660 (eight persons) in 2021. A family of four had a poverty line of $26,500 in 2021 and $25,750
in 2019.

Table 4-7: Federal Poverty Levels by Number of Persons in Family or Household,
2019 to 2021

2021 2019
PERSONS IN FEDERAL FEDERAL

FAMILY OR POVERTY POVERTY
HOUSEHOLD = GUIDELINES = GUIDELINES
$12,880 $12,490
$17,420 $16,910
3 $21,960 $21,330
4 $26,500 $25,750
5
6

$31,040 $30,170
$35,580 $34,590
$40,120 $39,010
8 $44,660 $43,430
Source: Applied Development Economics, based

on U.S. Department of Health and Human Services
“Poverty Guidelines Computations Page.”

RENTERS

In the Bay Area, renters represent about 44.6 percent of all households, as shown in Table 4-8. This
ranges from a low of 33.9 percent in Napa County to a high of 62.9 percent in San Francisco. No other
county has renters as a majority of all households. In 2019, the median income for renters ranged
from a low of about $63,400 in Sonoma County to a high of more than $105,300 in San Francisco

County.
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Table 4-8: San Francisco Bay Area Households by Housing Tenure, 2019

HOUSING TENURE BY
COUNTY
Bay Area Region
Alameda
Contra Costa
Marin
Napa
San Francisco
San Mateo
Santa Clara
Solano
Sonoma

MEDIAN INCOME BY
HOUSING TENURE AND
COUNTY
Bay Area Region

(Estimated)
Alameda

Contra Costa
Marin

Napa

San Francisco
San Mateo
Santa Clara
Solano
Sonoma

RENTERS AS
HOUSEHOLDS =~ HOUSEHOLDS PERCENT OF
TOTAL (OWNER- (RENTER- TOTAL

HOUSEHOLDS OCCUPIED OCCUPIED) HOUSEHOLDS
2,733,300 1,515,100 1,218,200 44.6%
574,700 304,700 270,000 47.0%
393,700 257,500 136,100 34.6%
105,100 65,200 39,900 38.0%
48,800 32,300 16,500 33.9%
368,100 136,700 231,400 62.9%
263,800 156,300 107,500 40.7%
640,400 351,800 288,600 45.1%
151,100 94,000 57,100 37.8%
187,700 116,600 71,000 37.8%

MEDIAN MEDIAN RENTER
I\[ele] Y INCOME [I\[ele] VIWANS
MEDIAN (OWNER- (GEN=E PERCENT OF

INCOME (ALL OCCUPIED OCCUPIED OVERALL
HOUSEHOLDS) = HOUSEHOLDS) = HOUSEHOLDS) = MEDIAN INC.
$115,400 $142,900 $84,500 73.2%
$108,300 $145,100 $76,500 70.6%
$107,100 $130,800 $72,700 67.9%
$110,800 $146,800 $73,700 66.5%
$92,800 $110,700 $73,200 78.9%
$123,900 $151,700 $105,300 85.0%
$138,500 $164,800 $101,200 73.1%
$133,100 $167,100 $97,300 73.1%
$86,700 $102,000 $64,200 74.0%
$87,800 $106,800 $63,400 72.2%

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample.

Table 4-9 shows that the median monthly rent in the Bay Area ranged from just over $1,700 in Solano

County to a high of nearly $2,500 in San Mateo County in 2019. The median housing costs as a

percentage of median monthly household income ranges from 22.3 percent in San Francisco to 34.4

percent in Marin County. Dedicating 30 percent or more of income towards housing is considered

“cost-burdened.” This indicates that median housing costs for renters in Alameda, Contra Costa,

Marin, Napa, Solano, and Sonoma counties are already considered cost-burdened for average wage

earners. Median housing costs for renters in San Mateo (29.8 percent) and Santa Clara (29.5 percent)

are just below the threshold for cost-burdened.

Applied Development Economics |Page 13

Page 99 of 1403



Table 4-9: Housing Costs as Percentage of Income for San Francisco Bay Area Counties,

2019
MEDIAN MEDIAN

HOUSING MONTHLY MONTHLY HousING MEDIAN MEDIAN HOUSING

MEDIAN MEDIAN COSTS AS HOUSEHOLD HOUSING CosTs As MONTHLY MONTHLY COoSTS As

MONTHLY MONTHLY PERCENT INCOME CosTs PERCENT =~ HOUSEHOLD | HOUSING PERCENT

HOUSEHOLD | HOUSING OF (OWNER- (OWNER- OF INCOME CosTs OF

COUNTY INCOME CosTS INCOME OcCcUPIED) = OCCUPIED) INCOME (RENTER) (RENTER) INCOME
Alameda $9,000 $2,160 24.0% $12,100 $2,470 20.4% $6,400 $1,980 30.9%
Contra Costa $8,900 $2,100 23.6% $10,900 $2,250 20.6% $6,100 $1,950 32.0%
Marin $9,200 $2,400 26.1% $12,200 $2,830 23.2% $6,100 $2,100 34.4%
Napa $7,700 $1,840 23.9% $9,200 $1,850 20.1% $6,100 $1,840 30.2%
San Francisco $10,300 $2,150 20.9% $12,600 $2,700 21.4% $8,800 $1,960 22.3%
San Mateo $11,500 $2,590 22.5% $13,700 $2,730 19.9% $8,400 $2,500 29.8%
Santa Clara $11,100 $2,480 22.3% $13,900 $2,640 19.0% $8,100 $2,390 29.5%
Solano $7,200 $1,780 24.7% $8,500 $1,860 21.9% $5,400 $1,720 31.9%
Sonoma $7,300 $1,840 25.2% $8,900 $1,930 21.7% $5,300 $1,760 33.2%

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample.

HEATING FUEL SOURCE

For heating fuel, about a two-thirds majority of Bay Area households use utility-provided gas, as
shown in Table 4-10. However, owner-occupied housing units have a higher utilization of utility gas for
home heating, with 76.5 percent. Households in rental housing have a lower proportion of utility gas
utilization at 53.5 percent. About 18.5 percent of owner-occupied housing units use electricity for
home heating, compared to 40.6 percent of renter-occupied units. This likely reflects the generally
higher utilization of electric space heating in multifamily housing units and apartments.

Table 4-10: Source of Heating Fuel for San Francisco Bay Area Households, 2019

BAY AREA PERCENT
HEATING FUEL SOURCE HOUSEHOLDS | OF TOTAL

Total Households 2,733,300
Utility Gas 1,809,900 66.2%
Electricity 775,100 28.4%
Solar Energy 23,700 0.9%
No Fuel Used 50,500 1.8%
All Other Heating Fuels 74,100 2.7%

Owner-Occupied Housing Units 1,510,800
Utility Gas 1,156,100 76.5%
Electricity 278,800 18.5%
Solar Energy 20,500 1.4%
No Fuel Used 8,600 0.6%
All Other Heating Fuels 46,900 3.1%

Renter-Occupied Housing Units 1,222,500
Utility Gas 653,800 53.5%
Electricity 496,300 40.6%
Solar Energy 3,300 0.3%
No Fuel Used 41,900 3.4%
All Other Heating Fuels 27,200 2.2%

Source: Applied Development Economics, based on U.S. Census American Community
Survey, One-Year Sample.
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5. SOCIOECONOMIC IMPACT
ANALYSIS OF PROPOSED RULE
9-4 AND RULE 9-6 AMENDMENTS

COSTS OF RULE COMPLIANCE

This section of the report analyzes the socioeconomic impacts resulting from implementation of the
Rule 9-4 and 9-6 amendments. This analysis assumes, based on technology available today and to
provide a conservative estimate of potential costs, that compliance with the proposed rule
amendments will see costs incurred primarily through gas-to-electric conversions of existing water
heaters and space heaters by end users and accompanying ancillary costs. Because the proposed rule
amendments do not require retrofitting of existing appliances, the costs of compliance will only take
effect at the time that the appliances require replacement or when the consumer chooses to upgrade.

The costs of compliance do not affect consumers that already use electric appliances for water heating
and/or space heating, since those appliances already comply with the zero-NOx emissions standard.
Because these appliances are typically already installed in housing units and require periodic
replacement, the cost of compliance used in the analysis assumes that the cost of compliance
represents the cost difference between purchase and installation of a currently designed natural gas-
powered appliance and an electrical one. The analysis does not make any assumptions about future
zero-NOx appliance cost reductions and rebate program availability.

In addition to the direct costs to consumers to purchase and install new equipment, there are a
number of indirect cost and revenue impacts from the proposed rule amendments.

u Heat pump water heaters are cheaper to operate in terms of monthly household energy bills.
The same is true for air source heat pumps that heat and cool indoor air as compared to a
building with a natural gas fired furnace and a traditional air conditioning system. Note that in
cases where an air source heat pump may introduce new cooling functionality (i.e., an
installation in a household without existing air conditioning), consumers may elect to increase
their heat pump usage for these new functions. However, this analysis only focuses on the
usage of this new equipment that is comparable to the existing usage of the equipment being
replaced.

u Despite the potential energy cost savings, the net cost to consumers will shift their spending
away from other retail goods and services, which may result in incremental loss of jobs in
those sectors.

®"  The wholesale appliance distributors and construction trades will see an increase in the cost of
doing business for the higher priced appliances, but this will be offset by higher prices to
consumers for the equipment.
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u Manufacturers of the equipment, of which there are none of the Bay Area, will have to invest
in new technologies and manufacturing processes to supply the new equipment to the Bay
Area market. If the manufacturers choose not to make investments in the new designs, they
will lose market share from the Bay Area.

u PG&E will likely need to invest in increased electricity generation, transmission and distribution
to meet the increased demand for electricity from the new appliances. This may result in
higher electricity rates for consumers.

In the discussion below, the direct consumer costs and the effects of the first two bullet points above
are addressed quantitatively for households at various income levels and also in aggregate across the
Bay Area region. Impacts to the supply chain for the new appliances are addressed qualitatively. In
terms of impacts to the electric grid, the discussion presents estimated costs for PG&E under two
background scenarios. However, it is not clear at this time if or how the costs may affect consumer
electricity rates. Air District staff may report on rate changes as part of its Implementation Working
Group and interim reporting process to the Board of Directors.

RULE 9-4 COST OF COMPLIANCE

For Rule 9-4, the analyzed cost of compliance will largely stem from the difference between a gas-fired
furnace and an electric heat pump. According to a 2021 study from Lawrence Berkeley National
Laboratory, the median installed cost for a gas-fired furnace is about $5,100, while the median cost
for an electric heat pump is $8,000, as shown in Table 5-1.2 This cost includes the cost of the
appliance unit and the installation, but not potential electric service upgrades which are discussed
later. The cost does not factor in any rebates or performance differences. The difference between the
cost of a gas-fired furnace compared to an electric heat pump is approximately $2,900 and this

represents the major portion of the cost of compliance used in this socioeconomic analysis.

However, heat pump units can also incorporate cooling functionality similar to a central air
conditioning unit. So, the costs are not always directly comparable strictly as a gas-fired furnace
replacement. In addition, the appliance costs can vary considerably depending on the performance
characteristics of the particular model chosen by the consumer (and in the gas-fired appliances,
whether the unit is a standard or Ultra-low NOx emission model). In general, electric heat pumps

operate with a lower heating capacity than comparably priced gas-fired furnaces.

2 |ess, Brennan, lain Walker, Nuria Casquero-Modrego, and Leo Rainier; Lawrence Berkeley National Laboratory,
Building Technologies & Urban Systems Division; The Cost of Decarbonization and Energy Upgrade Retrofits for US
Homes; 2021; pp.70-81.
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Table 5-1: Comparison of Project Costs for Electric Heat Pump and Gas Furnace

LAWRENCE BERKELEY NATIONAL LAB

STUDY MEDIAN COSTS BY SPACE HEATER

TYPE PROJECT COSTS
Electric Heat Pump $8,027
Gas Furnace $5,096
Gas Furnace + Central AC (Existing) $12,000 to $24,000
Packaged Terminal Heat Pump $7,000 to $8,000
Minisplit Heat Pump $18,000 to $20,000
Ducted Split Heat Pump $9,000 to $17,000

Source: Lawrence Berkeley National Laboratory, and Energy and Environmental Economics, Inc.

When comparing the cost scenarios for a gas-fired furnace and an electric heat pump, a 2019 study
from Energy and Environmental Economics, Inc. (E3) combined the costs for a gas furnace with a
central air conditioning unit, and used that combined project to compare against the cost of electric
heat pumps that combines both functions.® Using that comparison, the study used a cost assumption
ranging from $12,000 to $24,000 for the furnace/central air conditioning system. The heat pump
would cost between $7,000 and $20,000, depending on the type of heat pump and its level of
performance. Under this scenario, where the installation accounts for both heating and cooling

functions, the heat pump installation would cost less in many cases.

In the short-term, there is also a cost difference between the standard gas-fired furnaces and those
gas-fired models that meet the ultra-low NOx emission standard. In a brief comparison of retail pricing
for models with equivalent performance, the ultra-low NOx emission models generally cost between
$400 and $700 more.* This cost difference would apply from 2024 until the zero-NOx emissions
standard takes effect. Note that for the purposes of the socioeconomic impact analysis, the compliance
cost associated with the zero-NOx standard reflects the highest potential cost and socioeconomic
impacts from the proposed amendments to Rule 9-4. Therefore, the costs associated with the zero-
NOx standard are used in the subsequent impact analysis (see “Compliance Costs Used in Impact
Analysis” section below).

RULE 9-6 COST OF COMPLIANCE

For water heaters under Rule 9-6, costs for compliance for the proposed rule amendments are highly
variable when comparing different options. In addition, the compliance costs have to consider the full
cost of both the appliance and the installation. For example, according to a study from Lawrence
Berkeley National Laboratory, the lowest cost water heater option is an electric tank water heater,
while the most expensive options are tankless gas-fired water heaters. However, the resistive electric
tank water heaters are generally small capacity units for point-of-use rather than whole-home

installations, compared to the more common 50 to 80-gallon gas-fired tank water heaters. Tankless

3 Energy and Environmental Economics, Inc.; Residential Building Electrification in California; April 2019; pp.29-31.
Note: While the dollar values referenced in this study have likely increased with inflation since 2019, they are
presented here for comparison only. The socioeconomic impact analysis is based on the more recent LBL figures.

4 Retail pricing data for space heating and water heater appliances was collected by BAAQMD staff in 2020 and
2022. This pricing only reflects the unit costs and does not include any rebate programs that might offset the costs
of upgrading to a lower emission option.
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water heaters allow for on-demand water heating; and while they use less natural gas, the models
currently available do not meet the zero-NOx emission standard.

The zero-NOx option that is available today and is most comparable to the commonly used gas-fired
water tank heaters would be an electric heat pump attached to a similarly sized water tank. As shown
in Table 5-2, the median cost of a conventional natural gas-fired tank water heater is about $1,970.

By comparison, the LBNL study indicates that an electric heat pump water heater has a median cost of
about $2,820, with the cost difference of around $850 representing the cost of compliance used in the
socioeconomic analysis. It should be noted that the electric heat pump water heater costs in this
dataset could also include some direct replacements of existing electric heat pump water heater units
rather than gas-to-electric conversions.

Other cost data from the Sacramento Municipal Utilities District (SMUD) shows a cost range of
approximately $4,150 to $4,400 for gas-to-electric conversions to heat pump water heaters between
2018 and 2020. The data includes the cost for the appliance unit as well as installation and other
costs. These cost averages are higher than the median costs from the LBNL study. However, the
SMUD gas-to-electric water heater conversion costs were balanced out by a rebate program for gas-

to-electric conversions that reduced the consumer costs by up to $3,000.

Table 5-2: Comparison of Project Costs for Water Heaters by Type

LAWRENCE BERKELEY NATIONAL LAB STUDY

MEDIAN COSTS BY WATER HEATER TYPE PROJECT COSTS
Tankless Gas $4,004
Electric Heat Pump $2,824
Storage Gas Power Vent $1,972

Storage Electric $888

SMUD AVERAGE COST DATA FOR GAS-TO-
ELECTRIC HEAT PUMP WATER HEATER

CONVERSION PROJECT COSTS
50-Gallon $4,155
65/80-Gallon $4,374
Gas-Fired Water Heater (Existing) $2,000 to $2,600
Tankless Gas Water Heater $3,700 to $5,700
Electric Heat Pump $3,000 to $4,700

Source: Lawrence Berkeley National Laboratory, Sacramento Municipal Utilities
District, and Energy and Environmental Economics, Inc.

THE NEED FOR ELECTRIC PANEL UPGRADES

In older homes, if both the HVAC and water heater systems are converted from gas to electric at the
same time, it is possible that the electric panel in the home will also need to be upgraded. The E3
study assumed this would happen in homes built in 1978 or earlier and that the cost would be $4,256
for single family homes and $2,744 for low-rise multi-family homes. The census provides data on
housing units constructed in 1979 or earlier, which includes about 65 percent of all units in the Bay
Area (Table 5-3).
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Table 5-3: Age of Housing Units by County, 2015-2020 Average

OCCUPIED BUILT IN

HousING 1979 or
COUNTY UNITS EARLIER PERCENT
Alameda 573,174 387,959 67.7%
Contra Costa 398,299 220,707 55.4%
Marin 104,900 80,534 76.8%
Napa 48,484 28,550 58.9%
San Francisco 362,141 288,834 79.8%
San Mateo 263,351 198,374 75.3%
Santa Clara 635,314 399,737 62.9%
Solano 151,191 71,043 47.0%
Sonoma 188,958 100,572 53.2%
TOTAL 2,725,812 1,776,310 65.2%

Source: ACS, 5 Year Sample, 2015-2020.

COMPLIANCE COSTS USED IN IMPACT ANALYSIS

The combined cost of equipment to comply with both Rule 9-4 and 9-6 is estimated at $10,851, of
which $8,027 is for space heating and $2,824 is for water heating. This is about $3,783 more
expensive than equivalent gas powered appliances. In addition, older homes would need to upgrade
their electric service, at a cost of $4,256 for single family units and $2,744 for multi-family units. It is
likely these costs can be financed, but that may not always be possible.

The replacement schedule for a water heater is typically 13 years, while the replacement schedule for
a space heating appliance is 18 years.> We also assume electric panels have a lifespan of 30 years.
Since households do not all replace heating appliances at the same time and the proposed rule
amendments do not apply until the time that the appliances are replaced, this means that the
aggregate cost of compliance across all households will be spread out over time. In order to annualize
the costs per household, we have applied a capital recovery factor pursuant to Best Available Control
Technology (BACT) guidelines.®

Using this approach, the annualized cost of compliance used in the socioeconomic analysis comes out
to $241 for space heaters and $88 for water heaters when looking at gas-to-electric conversions, as
shown in Table 5-4. This added cost only applies to those households that currently use gas as the
fuel source for powering the appliances.

The annualized costs of installation of electric panels are $261 for single family homes and $168 for
multi-family homes, with a weighted average for all units of $220. These figures are used in the
analysis of impacts to average households and contribute to the total compliance costs of $402 for
space heaters and $147 for water heaters (Table 5-4). Further below in the analysis of aggregate

5 Environmental Energy and Economics, Inc.; p.41.

6 (https://www.baagmd.gov/~/media/files/engineering/bact-tbact-workshop/bact-tbact-policy-and-
implementation/policy-and-implementation-procedure.pdf?la=en). The calculation uses a discount rate of 4.5%.
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regionwide costs, we also adjust for the fact that only 65 percent of households are likely to need a
panel upgrade.

Table 5-4: Average Annualized Installed Costs for Space Heating
Appliances and Water Heaters

ANNUALIZED INSTALLED ANNUALIZED ELECTRIC ToOTAL COST
Cost ELECTRIC DIFFERENCE PANEL DIFFERENCE

Space Heating $419 $660 $241 $161 $402
Water Heater $204 $292 $88 $59 $147

Source: Lawrence Berkeley National Laboratory

Notes: The annualized costs represent the median costs for space heating appliance and water heater installations,
assuming an 18-year lifespan for a space heating appliance and a 13-year lifespan for a water heater. The gas option for
water heaters is a gas-fired tank water heater, while the electric options for both space heating and water heaters are
electric heat pumps.

The costs presented in this table do not account for potential savings associated with funding or
financing programs, which are growing in availability and accessibility to Bay Area consumers.

Current programs are discussed in the Staff Report to which this analysis is an Appendix. Additionally,
Air District staff will track the development of these programs through their Implementation Working

Group and interim reporting process.

RATE SAVINGS DUE TO ELECTRIC CONVERSION

In addition to differences in the appliance costs, another key potential difference is with the potential
utility costs. In shifting from utility gas-powered appliances to electrical models, the power source and
associated utility costs also change. The E3 study found that an all-electric home would likely see
significant utility cost savings when compared to homes that use a combination of natural gas and
electricity to power household appliances.

For HVAC gas-to-electric conversions, the E3 study found that converting to an electric heat pump
would potentially result in an average annual savings of about $600 in utility bills. It should be noted
that this cost savings considers the combined effect of converting to an electric heat pump system
that replaces both a gas-fired furnace and a central air conditioning, which would not be a direct result
of the proposed rule amendments, but could present an indirect benefit. In addition to replacing the
natural gas usage for space heating, electric heat pumps would also reduce electricity usage for
cooling compared to a central air conditioning unit. The utility bill savings could be substantial when
considering the 18-year service life for these HVAC appliances.” Note that in cases where an air source
heat pump may introduce new cooling functionality (i.e., an installation in a household without
existing air conditioning), consumers may elect to increase their heat pump usage for these new
functions. However, this analysis only focuses on the usage of this new equipment that is comparable
to the existing usage of the equipment being replaced.

Also, the cost savings can vary considerably depending on the utility service pricing. For example, the
E3 study projected that households in the SMUD utility service area would save up to $600 in utility

7 Environmental Energy and Economics, Inc.; pp. 59-60.
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costs by converting to an HVAC heat pump, while households in other utility service territories were
projected to save up to $400 annually. Households in Bay Area utility service areas would see savings
of between $100 and $400 for single-family homes and $10 to $90 for multi-family homes. The study
also indicated that if gas rates increase faster than electric rates over the long-term, then that would
further increase the utility cost savings. Since 2019 when the E3 analysis was done, PG&E has raised
both electric and gas rates, but gas rates have had higher percentage increases. For purposes of this
analysis, we have assumed an average rate savings of $250 for single family homes and $50 per year
for multi-family homes, which is lower than the maximum possible but acknowledges the uncertainty
of the changing utility rate environment.

For water heaters, the E3 study indicated that retrofitting a heat pump water heater into a home that
currently uses a gas-fired tank water heater would generate utility cost savings. For Bay Area single-
family homes, replacing a gas-fired tank model with a heat pump water heater could result in annual
utility cost savings of about $50 for single family homes and $40 for multi-family units.

Based on this analysis, the combined rate savings would range from $300 for single family homes to
$90 for multi-family units. It has been reported recently that the average PG&E residential customer
bill is $166 per month, or $1,992 per year.® The rate savings from the electric appliances would
represent 4.5 to 15 percent of the average bill.

ADJUSTMENT TO COST OF COMPLIANCE

In analyzing the cost impacts to individual households, we have deducted the average rate savings
from the average costs in Table 5-4 above. The cost of compliance for space heaters of $402 is
reduced by $150 [($250 + $50)/2], equaling $252. The cost for water heaters of $147 is reduced by
average rates savings of $45, to equal $102.

IMPACT OF AVERAGE COSTS ON HOUSEHOLDS

As discussed in Section 4, the income distribution in the San Francisco Bay Area is concentrated
towards households earning over $100,000 annually, with over one-quarter of households earning
over $200,000. As shown on Table 4-3, the overall median income for Bay Area households is
approximately $115,400. However, with 79,100 families living below the poverty line, and nearly 13
percent of households earning less than $30,000 annually, the incremental costs have a
disproportionately higher potential impact on more economically vulnerable populations.

EXPENDITURES AND COSTS BY INCOME GROUP

Data from the Consumer Expenditure Survey (CES), which is administered by the Bureau of Labor
Statistics (BLS) to track cost-of-living data and estimate the Consumer Price Index (CPI), shows that
expenditures do not change at the same rate as income.

As shown in Table 5-5, lower income households will still have to make expenditures to maintain a
household, and those expenditures can exceed the household income, as defined by the Census. For

8 George Avalos, “PG&E Monthly Bills are Set to Jump Again This Year, Jolting Customers.” San Jose Mercury News,
February 10, 2022.
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example, households that earn less than $15,000 annually make an average of $25,240 in
expenditures annually. The expenditures include housing, food, transportation, and all other expenses.
Some of these expenses are potentially covered by public assistance or other non-income sources,
such as debt or family support. By comparison, those households earning between $150,000 and
$199,999 annually make an average of $107,900 in annual expenditures.

The expense category that covers water heaters and space heating appliances combines major
appliances and miscellaneous household equipment. The average expenditures in this category will
range from $430 for households earning less than $15,000 to $3,700 for households earning more
than $200,000.

Spending for major appliances/household equipment ranges from 5.7 percent of the total annual
income for households earning less than $15,000 to 1.1 percent for households earning more than
$200,000. However, when looking at the major appliance/ miscellaneous household equipment
spending as a percentage of the actual expenditures (rather than income), the trends are very similar
from income group to income group. Overall, the spending in this category ranges from 1.8 to 2.3
percent of total annual expenditures.

Table 5-5: Total Household Expenditures and Appliance/Household Equipment Expenditure
by Income Group, 2019

ANNUAL HOUSEHOLD

BAY AREA
PERCENT OF

TOTAL

AVERAGE
HOUSEHOLD

INCOME

ANNUAL
HOUSEHOLD
EXPENDITURE

APPLIANCE
AND
HOUSEHOLD
EQUIPMENT
EXPENDITURE

APPLIANCE
AND
HOUSEHOLD
EQuIP.
PERCENT OF

INCOME

HOUSEHOLDS (CES) ((¢1=25) ((&=5) INCOME

APPLIANCE AND
HOUSEHOLD
EQUIPMENT
PERCENT OF

EXPENDITURE

Less than $15,000 6.3% $7,600 $25,200 $430 5.7% 1.7%
$15,000 to $29,999 6.5% $22,200 $34,000 $710 3.2% 2.1%
$30,000 to $39,999 4.6% $34,800 $40,400 $750 2.2% 1.9%
$40,000 to $49,999 4.6% $44,800 $47,600 $920 2.0% 1.9%
$50,000 to $69,999 9.4% $59,300 $54,900 $1,200 2.0% 2.2%
$70,000 to $99,999 13.2% $83,600 $67,100 $1,300 1.6% 1.9%
$100,000 to $149,999 17.6% $121,400 $86,000 $1,800 1.5% 2.1%
$150,000 to $199,999 12.3% $171,100 $107,900 $2,100 1.3% 2.0%
$200,000 and more 25.5% $343,500 $161,100 $3,700 1.1% 2.3%
Overall Total 2,754,400

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample, and U.S. Bureau
of Labor Statistics Consumer Expenditure Survey (CES).

As shown in Table 5-6, under the proposed Rule 9-4 amendments, the annualized cost difference for
converting to a zero-NOXx space heating with a gas-to-electric conversion of $252 represents nearly a
60 percent increase in such costs for the lowest income households. This represents 3.3 percent of
annual income and 1.0 percent of annual expenditures for households earning less than $15,000
annually. For households earning the median income of $115,000, the increased expenditures
represent a 13.8 percent increase in appliance expenditures, but only a 0.3 percent increase in total
expenditures and 0.2 percent of total income.
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Under the proposed Rule 9-6 amendments, the annualized cost difference of $102 to convert a natural

gas-fired water heater to a zero-NOx appliance would increase appliance expenditures for the lowest

income households by about 23 percent, and represent 1.3 percent of total income. At the median

income level, the compliance cost would increase appliance expenditures by less than five percent and

represent 0.1 percent of annual income.

Table 5-6: Incremental Costs for Gas-to-Electric Heating Appliance Conversion as

ANNUAL HOUSEHOLD
INCOME

Percentage of Annual Income and Expenditures

ANNUALIZED GAS-TO-ELECTRIC COST INCREASE
OF $252 FOR SPACE HEATING

INCREMENTAL
PERCENT OF
APPLIANCE

EXPENDITURES

INCREMENTAL
PERCENT OF
INCOME

INCREMENTAL
PERCENT OF
EXPENDITURE

ANNUALIZED GAS-TO-ELECTRIC COST INCREASE
OF $102 FOR WATER HEATER

INCREMENTAL
PERCENT OF
APPLIANCE

EXPENDITURES

INCREMENTAL
PERCENT OF
INCOME

Less than $15,000 58.0% 3.3% 1.0% 23.4% 1.3% 0.4%
$15,000 to $29,999 35.5% 1.1% 0.7% 14.3% 0.5% 0.3%
$30,000 to $39,999 33.7% 0.7% 0.6% 13.6% 0.3% 0.3%
$40,000 to $49,999 27.5% 0.6% 0.5% 11.1% 0.2% 0.2%
$50,000 to $69,999 21.3% 0.4% 0.5% 8.6% 0.2% 0.2%
$70,000 to $99,999 19.4% 0.3% 0.4% 7.8% 0.1% 0.2%
$100,000 to $149,999 13.8% 0.2% 0.3% 5.6% 0.1% 0.1%
$150,000 to $199,999 11.8% 0.1% 0.2% 4.8% 0.1% 0.1%
$200,000 and more 6.8% 0.1% 0.2% 2.7% 0.0% 0.1%

INCREMENTAL
PERCENT OF
EXPENDITURE

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample, and U.S. Bureau
of Labor Statistics Consumer Expenditure Survey (CES).

EXPENDITURES AND COSTS BY HOUSING TENURE

One potential cost difference comes between homeowners and renters. Presumably, the cost of
compliance would fall upon the property owner. If the property owner rents the housing unit to a
renter, then presumably at least some portion of the appliance upgrade costs will be passed along to
the tenant through rent increases.

Reviewing the CES data, owner-occupied housing units will generally see a higher proportion of overall
expenditures go towards major appliance/other household equipment expenses than renter-occupied
units. While the overall median income for Bay Area households is approximately $115,400, the
estimated median income for Bay Area households living in owner-occupied housing units was about
$142,000 in 2019, compared to $84,400 for Bay Area households residing in rental units. Normalizing
the expenditures to the median household income for Bay Area households, the total expenditures for

owner-occupied households average about $95,500, and $67,500 for renters.

The annual major appliance/miscellaneous household equipment expenditures average out to $2,200
for a median income owner-occupied housing unit, and $900 for a median income renter-occupied
housing unit. For homeowners, this represents 1.5 percent of total household income, and 1.0 percent
of total income for renters (Table 5-7). This would indicate that many of these expenses are paid for

by the property owners of rental housing, and recouped through rent payments.
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Table 5-7: Total Household Expenditures and Appliance/Household Equipment Expenditure
by Housing Tenure, 2019

ANNUAL ANNUAL
APPLIANCE APPLIANCE APPLIANCE APPLIANCE

BAY AREA AND HH AND HH AND HH AND HH

MEDIAN ANNUAL EQuiIP EQuipP EQuIP. EQuIP.
[N[efe] V= EXPENDITURE EXPENDITURE | EXPENDITURE = PERCENT OF PERCENT OF
HOUSING TENURE (ESTIMATED) (ESTIMATED) (ESTIMATED) (ADJUSTED) INCOME EXPENDITURE
All Housing Units $115,400 $82,900 $63,200 $1,700 1.5% 2.1%
Owner Occupied $142,900 $95,500 $73,200 $2,200 1.5% 2.3%
Renter Occupied $84,400 $67,500 $63,200 $900 1.0% 1.3%

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample, and U.S. Bureau
of Labor Statistics Consumer Expenditure Survey (CES).

In Table 5-8, the annualized cost increase is differentiated by housing tenure. The $252 annualized
cost of compliance for space heating represents 0.2 percent of the median income for all Bay Area
households. The $271 cost for owner-occupied single-family homes is also 0.2 percent of income for
those households while the $229 cost for renter occupied multi-family homes is 0.3 percent of income
for typical renter households.® The costs for the water heater conversion, ranging from $92 for renters
to $109 for home owners, is 0.1 percent of income for both groups.

Table 5-8: Incremental Costs for Gas-to-Electric Heating Appliance Conversion as
Percentage of Annual Income and Expenditures

ANNUALIZED
ANNUALIZED GAS-TO-
GAS-TO- ELECTRIC INCREMENTAL INCREMENTAL
ELECTRIC Cost INCREMENTAL INCREMENTAL PERCENT OF PERCENT OF
CosT INCREASE PERCENT OF PERCENT OF INCOME EXPENDITURE
INCREASE (WATER INCOME EXPENDITURE (WATER (WATER
HOUSING TENURE (HVAC) HEATER) (HVAC) (HVAC) HEATER) HEATER)
All Housing Units $252 $102 0.2% 0.3% 0.1% 0.1%
Owner Occupied $271 $109 0.2% 0.3% 0.1% 0.1%
Renter Occupied $229 $92 0.3% 0.3% 0.1% 0.2%

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample, and U.S. Bureau
of Labor Statistics Consumer Expenditure Survey (CES).

Renters typically do not directly absorb the costs for central furnace and/or water heater
replacements. Rather, these expenses are often made by the property owners. Applying the same
upgrade schedule assumption for homeowners to rental properties, the incremental cost difference
averages out to $19.04 for central heating and $7.69 for water heaters when calculated on a monthly
basis. These costs can be potentially passed along to tenants in the form of rent increases. As shown
in Table 5-9, the cost differences for a gas-to-electric conversion with central heating represent
between 0.8 percent to 1.1 percent of the median monthly rents in the Bay Area counties, under the

9 The homeowner and renter costs reflect single family vs. multi-family costs, with the utility rate savings prorated
from the regionwide average.
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proposed Rule 9-4 amendments. Under the proposed Rule 9-6 amendments, a gas-to-electric
conversion for water heaters would represent between 0.3 to 0.4 percent of the median monthly rent.

Table 5-9: Incremental Costs for Gas-to-Electric Heating Appliance Conversion as
Percentage of Monthly Median Rents by County

INCREMENTAL
MEDIAN INCREMENTAL INCREMENTAL PERCENT OF

HOUSEHOLD MEDIAN INCREMENTAL MONTHLY PERCENT OF MONTHLY
INCOME MONTHLY MONTHLY CosT (WATER MONTHLY RENT (WATER

LOCATION (RENTERS) RENT CosTt (HVAC) HEATER) RENT (HVAC) HEATER)
Alameda County $76,500 $2,000 $19.04 $7.69 1.0% 0.4%
Contra Costa County $72,700 $1,900 $19.04 $7.69 1.0% 0.4%
Marin County $73,700 $2,100 $19.04 $7.69 0.9% 0.4%
Napa County $73,200 $1,800 $19.04 $7.69 1.0% 0.4%
San Francisco County $105,300 $2,000 $19.04 $7.69 1.0% 0.4%
San Mateo County $101,200 $2,500 $19.04 $7.69 0.8% 0.3%
Santa Clara County $97,300 $2,400 $19.04 $7.69 0.8% 0.3%
Solano County $64,200 $1,700 $19.04 $7.69 1.1% 0.4%
Sonoma County $63,400 $1,800 $19.04 $7.69 1.1% 0.4%

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample, and U.S. Bureau
of Labor Statistics Consumer Expenditure Survey (CES).

EXPENDITURES AND COSTS BY POVERTY STATUS

The poverty line will vary by family/household size. As indicated in Section 4, about 79,100 families in
the Bay Area were below the poverty line (not including non-family households). For a family of four,
an annual household income of $25,750 represented the federal poverty threshold in 2019 (Table 5-
10). At that income level, the marginal annualized expenditure increase (based on renter costs) from
the proposed Rule 9-4 amendments would be 0.9 percent of total income and 0.6 percent of total
expenditures for a household at that income level, as shown in Table 5-11. Increased expenses for
water heaters from the proposed Rule 9-6 amendments would total about 0.4 percent of total income
and 0.3 percent of total expenditures for a family of four at the federal poverty threshold. The
combined annual expenditure increase from both rule amendments would, as a worst case, constitute

a 45 percent increase in average appliance expenditures for these households.

Table 5-10: Total Household Expenditures and Appliance/Household Equipment Expenditure
for Families at Poverty Level, 2019

ANNUAL APPLIANCE APPLIANCE
ANNUAL APPLIANCE AND HH AND HH

EXPENDITURE AND HH EQuiP. EQuiP.
POVERTY LEVEL = (EXTRAPOLATED EQuip PERCENT OF PERCENT OF
INCOME FROM CES) EXPENDITURE INCOME EXPENDITURE

Federal Poverty Level
for Family of Four
(2019) $25,750 $35,810 $710 2.8% 2.0%

Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample, and U.S. Bureau
of Labor Statistics Consumer Expenditure Survey (CES), and U.S. Department of Health and Human Services “Poverty Guidelines
Computations Page.”
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Table 5-11: Incremental Costs for Gas-to-Electric Heating Appliance Conversion as
Percentage of Annual Income and Expenditures for Families at Poverty Level

ANNUALIZED
ANNUALIZED GAS-TO-
GAS-TO- ELECTRIC INCREMENTAL INCREMENTAL

ELECTRIC CosT INCREMENTAL INCREMENTAL PERCENT OF PERCENT OF
CosTt INCREASE PERCENT OF PERCENT OF INCOME EXPENDITURE

INCREASE (WATER INCOME EXPENDITURE (WATER (WATER

(HVAC) HEATER) ((\7®) (HVAC) HEATER) HEATER)

Federal Poverty

Level for Family

of Four (2019) $229 $92 0.9% 0.6% 0.4% 0.3%
Source: Applied Development Economics, based on U.S. Census American Community Survey, One-Year Sample, and U.S. Bureau
of Labor Statistics Consumer Expenditure Survey (CES), and U.S. Department of Health and Human Services “Poverty Guidelines
Computations Page.”

IMPACTS OF SHIFTS IN CONSUMER SPENDING

The higher net costs for space and water heating will have the effect of shifting discretionary
household spending away from other retail products and services, including items such as food
service, personal services, education, social assistance and recreation and amusement expenditures.
Lower expenditures in these categories could lead to reduced job growth from businesses providing
the products and services, a number of whom may be small businesses. In order to estimate the
magnitude of these jobs changes, it is necessary to estimate the aggregate expenditures that the
proposed rule amendments would entail in the Bay Area region for space and water heating. The
following section discusses the estimates of total affected households and related compliance cost net

expenditures.

Table 4-10 earlier in the report shows the source of space heating fuel for households in the Bay Area.
For Rule 9-4, we assume that households that use electricity or solar for heating are already in
compliance with the rule and would not need to convert their HYAC systems. Therefore, households
subject to costs for Rule 9-4 would be those currently using Utility Gas or Other Fuels for heating,
which would be 79.6 percent of owner-occupied homes and 55.7 percent of renter-occupied homes. In
contrast, for lack of other data, we assume all households would need to convert their water heaters
to electric. This is a conservative assumption that could potentially overestimate the true costs of

compliance for the Rule 9-6 amendments.

Table 5-12 below reproduces data from Table 4-8 showing the distribution of owner and renter-
occupied housing by county. Based on the useful life of HYAC systems of 18 years, we assume 5.6%
(1/18) of affected households will convert their HVAC systems per year. Combining the data from
Table 4-1 and Table 5-12, with the cost data in the previous section, Table 5-13 shows the estimated
annual aggregate costs for Rule 9-4 (excluding electric panel upgrades) of $25.2 million.
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Table 5-12: Distribution of Owner Occupied and Renter Occupied
Households in the Bay Area, 2019

RENTERS AS
HouseHOLDS HOUSEHOLDS  PERCENT OF
ToTAL (OWNER- (RENTER- ToTAL

COUNTY HouseHOLDS OCCUPIED OCCUPIED) HouseHOLDS
Bay Area Region 2,733,300 1,515,100 1,218,200 44.6%
Alameda 574,700 304,700 270,000 47.0%
Contra Costa 393,700 257,500 136,100 34.6%
Marin 105,100 65,200 39,900 38.0%
Napa 48,800 32,300 16,500 33.9%
San Francisco 368,100 136,700 231,400 62.9%
San Mateo 263,800 156,300 107,500 40.7%
Santa Clara 640,400 351,800 288,600 45.1%
Solano 151,100 94,000 57,100 37.8%
Sonoma 187,700 116,600 71,000 37.8%

Source: ACS 1 Year estimates, 2019.

Table 5-13: Aggregate Cost Estimates for HVAC Conversion by County

OWNER RENTER
OccuPIlED  OCCUPIED
SUBJECT SUBJECT HVAC
TO HVAC TO HVAC CONVERSION
COUNTY RULE RULE ToTAL ANNUALIZED = CoOST ($MIL)
Bay Area Region 1,206,424 678,549 | 1,884,973 104,721 $25.24
Alameda 242,623 150,405 393,027 21,835 $5.26
Contra Costa 205,039 75,815 280,854 15,603 $3.76
Marin 51,917 22,227 74,143 4,119 $0.99
Napa 25,719 9,191 34,911 1,939 $0.47
San Francisco 108,850 128,903 237,752 13,208 $3.18
San Mateo 124,457 59,883 184,340 10,241 $2.47
Santa Clara 280,127 160,766 440,893 24,494 $5.90
Solano 74,849 31,808 106,657 5,925 $1.43
Sonoma 92,845 39,551 132,396 7,355 $1.77

Source: ADE, Inc.

As noted above, we assume all households would require a water heater conversion. With a useful life
of 13 years, we estimate 7.7% of households (1/13) would convert annually. Table 5-14 shows the

resulting annualized cost impacts for water heater conversion ($18.5 million).
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COUNTY
Bay Area Region
Alameda
Contra Costa
Marin
Napa
San Francisco
San Mateo
Santa Clara
Solano
Sonoma

ToTAL

HOUSEHOLDS

2,733,300

574,700
393,700
105,100

48,800
368,100
263,800
640,400
151,100
187,700

ANNUAL

HOUSEHOLDS

SUBJECT TO
WATER
HEATER

RULE

210,254
44,208
30,285

8,085

3,754
28,315
20,292
49,262
11,623
14,438

Table 5-14: Compliance Cost Impacts for Water Heater Conversions

WATER

HEATER
CONVERSION

CosT

($miIL.)
$18.50
$3.89
$2.66
$0.71
$0.33
$2.49
$1.79
$4.33
$1.02
$1.27

Source: ADE, Inc.

Following the E3 analysis, electric panel upgrades are assumed to be needed for all houses built before

1980 and which require both an HVAC and water heater conversion. Table 5-4 above shows the

census estimate of housing built in 1979 or earlier by county in the Bay Area.

For purposes of this analysis, we apply the percentages in Table 5-4 to both single family and multi-

family housing subject to HVAC conversion. The resulting number of units and electric panel upgrade
costs are shown in Table 5-15 ($15.98 million).

COUNTY
Bay Area Region
Alameda
Contra Costa
Marin
Napa
San Francisco
San Mateo
Santa Clara
Solano
Sonoma

Table 5-15: Electric Panel Upgrade Costs by County

ANNUAL SINGLE
FAMILY UNITS
SUBJECT TO
ELECTRIC PANEL
UPGRADE

46,616
10,383
7,095
2,427
908
3,878
5,487
10,830
2,332
3,277

CosT ($MIL)
$12.18
$2.71
$1.85
$0.63
$0.24
$1.01
$1.43
$2.83
$0.61
$0.86

ANNUAL MULTI-
FAMILY UNITS
SUBJECT TO
ELECTRIC PANEL
UPGRADE

22,559
4,775
1,788

799
254
6,373
2,311
4,893
566
799

CosT ($MIL)
$3.80
$0.80
$0.30
$0.13
$0.04
$1.07
$0.39
$0.82
$0.10
$0.13

TOTAL ELECTRIC

PANEL COSTS

($MIL)
$15.98
$3.52
$2.15
$0.77
$0.28
$2.09
$1.82
$3.65
$0.70
$0.99

Source: ADE, Inc.
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UTILITY RATE SAVINGS

As discussed above on pp. 20-21, households that convert from gas powered appliances to electric
appliances may experience lower monthly utility rate costs for space and water heating. Based on the
data in Table 4-10 above, we have estimated how many households would make this conversion.
Applying the annual utility rate savings by type of unit and type of appliance conversion from the
discussion above to the numbers of units making the conversion annually, suggests that nearly $30
million in annual costs for rule compliance would be offset by lower utility bills for space and water
heating (Table 5-16).

Table 5-16: Estimated Utility Rate Savings from Conversion to Electric Appliances

($Millions)
SINGLE FAMILY MULTI-FAMILY SINGLE FAMILY MULTI-FAMILY TOTAL
RATE SAVINGS FOR = RATE SAVINGS = RATE SAVINGS FOR = RATE SAVINGS FOR RATE

COUNTY HVAC FOR HVAC WATER HEATER WATER HEATER SAVINGS
Rates Savings
per Unit -$250 -$50 -$50 -$40
Bay Area Region -$18.33 -$1.66 -$6.38 -$3.31 | -$29.68
Alameda -$3.83 -$0.35 -$1.33 -$0.70 -$6.22
Contra Costa -$3.20 -$0.16 -$1.11 -$0.32 -$4.80
Marin -$0.79 -$0.05 -$0.27 -$0.10 -$1.22
Napa -$0.39 -$0.02 -$0.13 -$0.04 -$0.58
San Francisco -$1.22 -$0.40 -$0.42 -$0.79 -$2.83
San Mateo -$1.82 -$0.15 -$0.63 -$0.31 -$2.91
Santa Clara -$4.30 -$0.39 -$1.50 -$0.77 -$6.96
Solano -$1.24 -$0.06 -$0.43 -$0.12 -$1.85
Sonoma -$1.54 -$0.08 -$0.54 -$0.15 -$2.30

Source: ADE, Inc.

TOTAL ANNUALIZED COMPLIANCE COSTS

The annualized compliance costs and rate savings are summarized in Table 5-17. The aggregate cost
analysis is divided into three time periods: 1) the 2027-2028 period when households begin
converting their water heaters, 2) the subsequent eleven years (2029 through 2039) when households
are converting both their water heaters and their HVAC systems, and 3) the seven years (2040-2046)
when the remaining households are converting their HVAC systems. During the initial period, total
annualized net compliance costs would be nearly $9 million per year, and they increase to about $30
million during the middle period. In the third period, total net annualized costs are about $21 million
across the region (although presumably some households would be replacing their water heaters for a
second time under a normal lifecycle). These net costs subtract the estimated rate savings from the

compliance costs in each period.
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Table 5-17: Total Net Annual Costs by Time Period ($Millions)

NET ANNUAL NET ANNUAL
COSTS FOR CoMBINED NET COSTS FOR
WATER HEATERS | ANNUAL COSTS HVAC 2040-
COUNTY 2027-2028 2029 - 2039 2046

Bay Area Region $8.81 $30.04 $21.23
Alameda $1.85 $6.45 $4.59
Contra Costa $1.23 $3.78 $2.55
Marin $0.33 $1.25 $0.92
Napa $0.15 $0.49 $0.34
San Francisco $1.27 $4.93 $3.66
San Mateo $0.85 $3.16 $2.32
Santa Clara $2.06 $6.93 $4.87
Solano $0.47 $1.30 $0.83
Sonoma $0.59 $1.74 $1.15

Source: ADE, Inc.
During the 2029-2039 period when both water heaters and space heaters are being replaced, the shift
in consumer spending could lead to a direct loss of 196 jobs in retail, personal services, entertainment
and education across the entire region (Table 5-18). Economic multiplier effects could increase the
total job loss to 286 jobs. As shown in Table 4-2 above, the Bay Area had nearly 3.7 million total jobs
in 2020, of which 1.5 million are in sectors whose market could be affected by these shifts in
consumer spending. The potential job losses shown in Table 5-18 are about 2 one-hundredths of a
percent of jobs within the trade and services sectors directly affected.

Table 5-18: Potential Job Losses Due to Shifted Consumer Spending

2027-2028 2029-39 2040-46
INDIRECT INDIRECT INDIRECT

DIRECT & TOTAL DIRECT & TOTAL DIRECT & TOTAL

LOCATION EFFECT INDUCED EFFECT EFFECT  INDUCED  EFFECT EFFECT INDUCED  EFFECT

Bay Area 58 26 84 196 90 286 139 63 202

Alameda County 12 6 18 42 19 61 30 14 44

Contra Costa County 8 4 12 25 11 36 17 8 24
Marin County 2 1 3 4 12
Napa County 1 0 5

San Francisco County 8 4 12 32 15 47 24 11 35

San Mateo County 6 3 8 21 9 30 15 7 22

Santa Clara County 13 6 20 45 21 66 32 15 46

Solano County 3 1 4 8 4 12 5 2 8

Sonoma County 4 2 6 11 5 17 8 3 11

Source: ADE, Inc.; data from IMPLAN input-output model
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UTILITY COSTS

In order to meet the potential increased demand for electricity under the likely scenario that
households will choose to replace gas fired appliances with electric appliances to meet the zero-NOXx
standards, PG&E will need to expand its electricity generation, distribution and transmission
infrastructure. BAAQMD commissioned E3, Inc. to analyze the electric grid impacts associated with the
widespread adoption of heat pumps to comply with the proposed amendments to Rules 9-4 and 9-6.
E3 determined that over the next 28 years PG&E would need to spend $100 million on transmission
capacity increases and $384 million to upgrade its distribution capacity. In addition, 2,180 MW of
utility scale solar generation capacity would need to be added along with 680 MW of new battery

storage, at a combined cost of $1.95 billion.

PG&E and other statewide power providers are planning major expansions of electrical capacity over
the next 20-30 years. The CA Independent System Operator (CAISO) is planning $11 billion in
transmission capacity projects over the next 20 years, which covers 80 percent of the entire state
service area, and PG&E is planning to spend $400 million per year on distribution projects. The
incremental costs for capacity increases associated with the amendments to Rules 9-4 and 9-6
represent about 2.4 percent of transmission investments prorated within PG&E’s service area and 3.2

percent of PG&E planned distribution capacity projects.

E3 has modeled a scenario in which the state’s utilities make major investments in electric system
capacity to meet the needs of the full range of climate change policies (high policy scenario), vs. a
scenario in which such investments are not forthcoming and the added capacity needed to support the
amendments to Rules 9-4 and 9-6 stand alone for the Bay Area (low policy scenario). In addition, the
overall investments are discounted to net present value for the scenarios. The results indicate that
under the high policy scenario, the net effect of the proposed rule amendments would be a 2021 NPV
of $243 million, while under the low policy scenario the NPV of incremental costs would be about $1
billion. It is not clear to what extent these costs fit within PG&E’s existing rate structure and what
impact to rates may occur in the future, although utilities across California are planning for
significantly increased electric uptake in the coming years. It is possible that these investments will
result in some future rate increases, which would reduce the cost savings to households from
converting to all electric appliances. However, these planned investments are spread out over a large
base of rate-payers and electric rate increases associated with infrastructure build-out may be
outpaced by natural gas rate increases associated with maintaining existing infrastructure for a
shrinking rate base. Air District staff may report on rate changes as part of its Implementation

Working Group and interim reporting process to the Board of Directors.

IMPACT FINDINGS

For consumers, the level of potential impact will vary considerably by income range. For most
households in the Bay Area, the added costs combined from both rule amendments would increase
average annual appliance costs by about 25 percent or less, but this represents less than 0.3 percent
of annual income. However, for families below the poverty line, the costs represent a 45 percent

increase in annual appliance expenditures and 1.3 percent of annual income.
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Also, the analysis assumes that households can finance the conversion and would experience the cost
impact over time. However, if emergency replacements are needed due to existing equipment failure,
or if financing is not available at the time replacements need to occur, the upfront capital cost of the
conversion could be a significant burden to many households.

Potential impacts to renters from the proposed rule amendments are particularly complex and will
continue to be evaluated throughout the implementation timeline including during a working group
process. Renters generally have a lower average annual income and a greater cost burden associated
with housing expenses than homeowners. While renters are not directly impacted by the upfront costs
of heating appliance expenses, there is the potential for pass through costs, evictions as the result of
renovations, and rent increases due to capital improvements. Air District staff intends to gather
further information on these potential impacts through the Implementation Working Group, and will
continue to evaluate and report on these impacts as part of the first interim report to the Board of
Directors, as required in the proposed rule amendments.

The analysis did not account for any rebate programs; however, programs for electric appliance
conversions are commonplace and can help to mitigate potential impacts from the added cost of gas-
to-electric conversions, particularly if targeted to lower income households. As the market for zero-
NOx appliances increases, there are also potential future economies of scale and technological
advances that could also lower costs.

The shift in consumer expenditures toward higher appliance costs and away from other retail goods
and services would have a measurable but not significant effect on jobs in those sectors. However
many retail and personal services businesses are classified as small businesses and could experience
some reduction in sales, estimated at a maximum of $30 million per year across the entire Bay Area
during the initial conversion period between 2027 and 2046.

There would be some disruption and increased costs in the space and water heater supply chain,
including wholesalers and construction trades who sell and install the equipment in new and existing
homes. Workers in both sectors would require additional training on the new equipment and would
face higher costs for inventory for the more expensive appliance units. However, these costs would
ultimately be passed on to consumers. A study for space heating conversion by the South Coast Air
Quality Management District concluded that there would be job gains in the wholesale sector, but

these would be offset by job losses in the construction and real estate sectors.1°

In addition, manufacturers of the appliances, which are located outside the Bay Area, would need to
increase production of compliant units and would see a reduction in demand for currently designed
gas-fired units. This could involve costs for additional product development, retooling production lines,
retraining personnel and possibly reconfiguring supply chains. Incurring these costs to supply the Bay
Area market alone may not make financial sense for some companies and they may lose market share

10 South Coast Air Quality Management District, Socioeconomic Report For Proposed Amended Rule 1111C0NOx

Emissions from Natural-Gas-Fired, Fan-Type Central Furnaces, October 2009. P. 6.
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as a result. However, if the overall market for these appliances expands nationally and globally, these
product development costs would be recouped over time.

The proposed amendments would increase the demand for electricity, requiring infrastructure
expansions from PG&E. The Air District has commissioned studies that suggest the cost for these
expansions would range from $243 million to $1 billion (net present value 2021 dollars). These costs
would likely have some impact on future electricity rates, which is undetermined at this time.
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Bay Area Air Quality Management District Executive Summary

1. Executive Summary

The Bay Area Air Quality Management District (BAAQMD) is evaluating proposed zero NOx standards for
residential and commercial space and water heating devices. Today, the only technologies that meet zero
NOx standards for these end uses are electric devices, although gas-fired technologies that meet zero NOx
standards could be developed in the future. For the purposes of this study, E3 has assumed that electric
heat pump devices are used to comply with the proposed standards. E3 has analyzed the potential electric
load increases from space heating, water heating, and air conditioning as well as the associated electric
grid impacts. This analysis will be used to support an assessment of the potential conservative (upper end)
impacts of the proposed standards on electric infrastructure under the California Environmental Quality
Act (CEQA). If gas-fired technologies are developed that meet the proposed zero NOx standards and these
devices are adopted by some customers, the overall impacts on electric infrastructure would be smaller
than estimated here.

All potential electric grid impacts were evaluated relative to two reference scenarios: a Low Policy
Reference, which assumes no major state policy changes in support of building electrification, and a High
Policy Reference, which assumes major state policy support for building electrification by the 2030s.

There are two broad results from this study:

+ The potential electric grid impacts of the proposed zero NOx standards are highly dependent on
what other policies California enacts around building electrification to meet the state’s climate
goals.

+ Relative to the Low Policy Reference, the zero NOx standards would result in incremental load
impacts, capacity impacts, and infrastructure needs by 2050.

+ Relative to the High Policy Reference, the zero NOx standards would result in load, capacity,
and infrastructure impacts occurring earlier than would otherwise be expected, but there
would be very small net impacts by 2050.

+ The largest potential impacts of the proposed standards would be from increased electric loads and
the associated need for additional zero-carbon generation, assumed in this study to be utility-scale
solar, to meet these electric loads.

+ There would also be some incremental peak loads, leading to additional impacts for
generation capacity, transmission capacity, and distribution capacity.

Table 1 summarizes the potential electric grid impacts that were determined in this study. While the
distribution capacity impacts described in the table would occur within the BAAQMD’s geographic region,
the transmission capacity impacts may occur outside the Bay Area and the utility-scale solar and battery
storage impacts would be spread across California and the Western United States.

Electric Infrastructure Impacts from Proposed Zero NOx Standards 4
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Bay Area Air Quality Management District Executive Summary

Table 1: Summary of potential 2050 electric grid impacts of proposed zero NOx standards

Impact relative to Impact relative to

Low Policy Reference High Policy Reference
Utility-scale solar 2,180 MW new solar by 2050 70 MW new solar by 2050
to serve electric loads + accelerated build in 2030s & 2040s
4-hour battery storage 680 MW new batteries by 2050 <10 MW new batteries by 2050
for generation capacity + accelerated build in 2030s & 2040s
Transmission Capacity 460 MW impact by 2050 < 10 MW impact by 2050

+ accelerated build in 2030s & 2040s

Distribution Capacity 420 MW impact by 2050 < 10 MW impact by 2050
+ accelerated build in 2030s & 2040s
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2.Background

The BAAQMD is evaluating amendments to rules 9-4 and 9-6, which govern nitrogen oxide (NOXx)
emissions from residential and commercial space and water heating systems. The proposed
amendments would introduce zero NOx standards for devices covered under these rules. Today, the
only technologies that meet zero NOx standards for these end uses are electric space and water heating
devices. In the future, gas-fired technologies that meet the proposed standards could be developed. In
this study, to determine potential conservative (upper end) impacts on electric infrastructure, it is
assumed that gas space heating and water heating devices would be replaced by electric heat pump
devices upon burnout.

The following rule changes were proposed:
+ Rule 9-4 governs emissions from gas-fired furnaces.

+ BAAQMD proposes zero NOx standards for all residential and commercial gas-fired furnaces,
applicable on January 1, 2029.

+ Rule 9-6 governs emissions from gas-fired water heaters and boilers with heat input capacity less
than 2,000,000 Btu/hr.

+ BAAQMD proposes zero NOx standards for water heaters and boilers with heat input capacity
less than 75,000 Btu/hr, applicable on January 1, 2027.

+ BAAQMD proposes zero NOx standards for water heaters and boilers with heat input capacity
between 75,000 Btu/hr and 2,000,000 Btu/hr, applicable on January 1, 2031.

In this study, E3 has analyzed the electric grid impacts of the proposed standards, assuming that covered
gas devices would be replaced by electric heat pumps at device retirement. A widespread shift to
electric heat pumps would result in electric load growth, requiring new infrastructure to support these
loads.

Electric grid impacts have been considered in four categories:

+ Electric load: generation resources to serve new electric loads, not necessarily during peak hours

+ Generation capacity: resources to serve new electricity needs at times of peak demand

+ Transmission capacity: new electric transmission infrastructure to deliver electricity from
generators to the distribution system, associated with new peak loads

+ Distribution capacity: new electric distribution infrastructure to deliver electricity from the
transmission system to retail customers, associated with new peak loads

Electric Infrastructure Impacts from Proposed Zero NOx Standards 6
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3. Heat Pump Adoption Scenarios

Technology Assumptions

This modeling assumed a baseline gas technology for each end use: residential space heating, residential
water heating, commercial space heating, and commercial water heating. The modeling also includes
assumptions regarding the heat pumps that would replace gas devices under the proposed zero NOx
standards. Details on the technology assumptions are provided in the section Appendix: Detailed
Methodology.

Zero NOx Standard Dates and Coverage

Table 2 illustrates key modeling assumptions regarding the proposed zero NOx standards. The
implementation dates for the proposed standards are based on the proposed rule amendments, as
described above in the section Background. Coverage reflects the share of natural gas usage assumed to
be covered by the amendments. This analysis assumes that 50% of commercial water heating would be
served by large water heaters with capacity greater than 2 MMBtu/hr and thus would not be covered
under these standards.

Table 2: Zero NOx standard implementation dates and assumed coverage

End use Zero NOx standard implementation date Coverage (%)
Residential Space Heating Jan 1, 2029 100%
Residential Water Heating Jan 1, 2027 100%
Commercial Space Heating Jan 1, 2029 100%
Commercial Water Heating Jan 1, 2031 50%

Sensitivities were also performed considering implementing the standards in 2026 or in 2035. Results of
these sensitivities are included in the section Appendix: Sensitivities on Implementation Year.

Reference Scenarios and Proposed Standards Scenario

The impact of the proposed zero NOx standard should be evaluated relative to a reference scenario in
which the proposed standards were not implemented. Absent the zero NOx standards, some level of heat
pump adoption would nevertheless occur, driven by economics, customer preferences, and/or other
policy changes. E3 measured the impact of the proposed zero NOx standards as the incremental impact
on electric load, infrastructure development, and land use above what would otherwise have occurred.
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Reference Scenarios

Due to uncertainty regarding future state policies to support building electrification, there is a wide range
of plausible heat pump adoption levels absent the proposed zero NOx standards. To reflect this
uncertainty, this study considered two reference scenarios of heat pump adoption for space and water
heating. Both scenarios come from the California Air Resource Board (CARB) 2022 Draft Scoping Plan
Update.?

+ The Low Policy Reference assumes heat pump adoption consistent with the 2022 Draft Scoping Plan
BAU Reference Scenario. This case represents a business-as-usual (BAU) future in which California
does not meet its 2030 or 2045 greenhouse gas (GHG) emissions targets. Regarding heat pumps, this
case reflects existing and planned levels of incentives for heat pumps and no major policy changes
supporting building electrification, resulting in relatively low heat pump adoption through 2045.

+ The High Policy Reference assumes heat pump adoption consistent with the 2022 Draft Scoping
Plan Proposed Scenario.? This case reflects major policy changes to decarbonize all sectors of
California’s economy aligned with achieving the state’s GHG emissions targets. State-level policies
drive a fast pace of heat pump adoption in the High Policy Reference.

While the Low Policy Reference sees significant levels of gas devices sold through 2045, the High Policy
Reference reflects the goal that “all new appliances sold in California would be zero-emission by 2035 for
installation in residential buildings and by 2045 for installation in commercial buildings.” More details on
these sales targets, including policy considerations, are provided in the Scoping Plan Appendix on Building
Decarbonization.?

Proposed Zero NOx Standards Scenario

Heat pump adoption under the proposed standards was assumed to follow the Low Policy Reference until
the implementation year for the relevant zero NOx standard, after which it would grow following a
simplified linear adoption trajectory over the number of years of the corresponding gas device lifetime.
As an example, residential gas furnaces were modeled to have a 16-year lifetime and a proposed zero NOx
standard taking effect on January 1, 2029. Thus, residential heat pump adoption for space heating in the
Proposed Standards scenario follows a linear trajectory from 5.9% in 2028 (the level of the Low Policy
Reference) to 100% by 2044 (16 years later).

Residential Heat Pump Space Heating Sales and Adoption

Figure 1illustrates the annual sales share and stock share of heat pumps for residential space heating over
time. The sales share indicates how many heat pumps are sold every year as a share of all residential space

1 https://ww?2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents

2 The Proposed Scenario was formerly known as “Alternative 3.” Policy measures are outlined here:
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp-appendix-c-ab-197-measure-analysis.pdf

3 https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp-appendix-f-building-decarbonization.pdf
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heating devices sold. The stock share indicates the annual level of adoption of heat pumps among
residential space heating devices installed in buildings, measured at the end of the year.

Assuming that heat pumps are installed to comply with the zero NOx standards, there would be a direct
impact on the sales share of heat pumps once the proposed standards are implemented. However, it is
the stock share that determines electric system impacts, as it describes the physical adoption levels of
heat pumps in buildings. The stock share of heat pumps lags the sales share, as building devices have a
relatively long lifetime and are assumed to be replaced at the end of this lifetime. This means that, after
the implementation of zero NOx standards, it would take years for heat pumps to reach high adoption
levels and cause corresponding electric system impacts.

Figure 1: Potential residential heat pump space heating sales share (left) and stock share (right)
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In the Low Policy Reference, heat pump sales reach 16% of sales of residential spaces heating devices by
2030 and grow to 23% of sales by 2050. Adoption levels reach 7% of residential space heating devices by
2030, increasing to 18% by 2050. In the High Policy Reference, heat pumps sales make up 83% of
residential space heating devices sold in 2030, increasing to 100% of sales by 2050. This rapid sales
trajectory results in heat pump adoption levels growing to 20% of residential space heating devices by
2030 and achieving 100% saturation by 2050. Under the proposed zero NOx standards and assuming that
heat pumps are used to comply with the proposed standards, heat pump sales follow the Low Policy
scenario and then shift to 100% of space heating devices sold in 2029 and after. Heat pump adoption then
increases linearly over the next 16 years, reaching 100% by the end of 2044.

The linear adoption trajectory used here is a simplification and neglects that device lifetime distributions
are generally “long-tailed,” meaning that a small percentage of gas devices will last significantly longer
than the average lifetime. Thus, our analysis using a linear adoption trajectory can be seen as a
conservative (upper end) estimate of potential grid impacts associated with heat pump adoption by 2050.
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More details on the reference scenarios, as well as sales shares and stock shares for residential water

heating, commercial space heating, and commercial water heating, are provided in the section Appendix:
Detailed Methodology.
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4.Electric Load Impacts and Solar Energy Needs

Load Impact Methodology

Space Heating and Water Heating Loads

Maximum potential space heating and water heating load impacts are calculated based on gas usage data
provided to BAAQMD by Pacific Gas and Electric (PG&E). These data include annual gas usage in
BAAQMD’s territory for four end uses: residential space heating, residential water heating, commercial
space heating, and commercial water heating. For each end use, the maximum potential load impact
assumes that 100% of gas demand for that end use shifts to heat pumps and is adjusted for the device
performance characteristics of gas devices and heat pumps, as described in the section Appendix:
Detailed Methodology. Annual load impacts are then calculated for each end use as a percentage of the
maximum potential load impact, based on the incremental heat pump adoption relative to a reference
scenario in that year.

As the maximum potential load impacts are based on existing data on gas usage, the modeling only
reflects existing buildings. Excluding the impact of the proposed zero NOx standards on new buildings is a
simplification that reflects the trend toward all-electric reach codes in many Bay Area municipalities and
the potential for an all-electric building code in the next CEC code cycle, as the proposed zero NOx
standards would not have any impact on buildings that are already all-electric.

Air Conditioning Loads

Air conditioning (AC) is a major source of electric load and a key driver of system peaks in warm climates.
Heat pump HVAC units provide both space heating and space cooling in a single device. Some homes in
the Bay Area do not currently have AC. Since customers who install a heat pump are assumed to make
use of the cooling function, heat pump adoption is modeled to result in new air conditioning load for these
households.

Conversely, heat pumps installed in residential buildings that currently have air conditioning may decrease
cooling loads for the building, as new heat pump technologies generally perform better than existing air
conditioners. More details are provided in the section Appendix: Detailed Methodology.

Current levels of AC adoption and estimates of future adoption are based on data from the CEC’s 2019
Residential Appliance Saturation Survey (RASS).* Average per-building air conditioning loads were
calculated from the National Renewable Energy Laboratory (NREL) ResStock and ComStock databases>.
More details are provided in the section Appendix: Detailed Methodology.

4 https://www.energy.ca.gov/sites/default/files/2021-08/CEC-200-2021-005-ES.pdf
5 https://resstock.nrel.gov/, https://comstock.nrel.gov/
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Electric Load Impacts

Figure 2 depicts the potential annual load impact of the proposed zero NOx standards by end use, relative
to each reference scenario. This analysis considers loads from residential and commercial space heating,
water heating, and air conditioning for buildings within BAAQMD’s boundaries. The figure shows
incremental loads for these end uses, i.e., the difference between potential loads under the proposed
zero NOx standards versus loads in each reference scenario. These incremental loads drive incremental
infrastructure needs, as described in later sections of this document.

Figure 2: Potential annual load impact relative to reference scenarios

Relative to the Low Policy Reference, the proposed zero NOx standards could result in 6.2 TWh (terawatt-
hours) per year of additional electric load by 2050. For comparison, California’s 2020 electric load was
approximately 280 TWh/year® and is modeled to grow to 338 TWh/year by 2045 in the Low Policy
Reference.” Table 3 illustrates the potential impact of this additional load on statewide electric loads in
2020 and 2045.

Space heating has the largest contribution to these load impacts, with water heating also contributing a
large share and air conditioning representing a small share of the load impact. The air conditioning load
impact is much smaller than the other two end uses because air conditioning is already widespread in the
warmest Bay Area counties.

6 https://ecdms.energy.ca.gov/elecbycounty.aspx
7 https://ww?2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents
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Table 3: Potential impact of proposed standards on statewide electric load in 2020 and 2045.

Statewide Load Low Policy Reference Low Policy Reference +
BAAQMD Proposed Standards
2020 280 TWh/year 280 TWh/year
2045 338 TWh/year 344 TWh/year
(21% growth from 2020) (23% growth from 2020)

The impacts are different when considering the High Policy Reference. Relative to the High Policy
Reference, the zero NOx standards result in earlier load growth, seeing 1.5 TWh/year of incremental load
in the 2030s. However, the incremental load falls to near zero load impact by 2050 as heat pump adoption
reaches high levels in the reference. Note that negative incremental load occurs in some years, meaning
that the High Policy Reference scenario has higher loads in those years than loads modeled from the zero
NOx standards.

Utility-Scale Solar Modeled to Meet Incremental Loads

Studies indicate that solar generation will be the predominant generation resource built to serve electric
energy needs in California, although other zero-carbon resources are likely to be developed as well,
potentially including land-based wind, offshore wind, geothermal, biomass, or other resources. This study
modeled the impacts associated with the procurement of new utility-scale solar to meet all incremental
heat pump loads. The following subsections provide more detail for this assumption.

Significant battery storage is also likely to be developed to meet generation capacity needs, as described
below in the section Generation Capacity.

Zero-carbon Electricity to Meet New Loads

Although there is no state law requiring that new loads be met exclusively by zero-carbon electricity, the
current resource planning paradigm requires electric utilities to procure zero-caron electricity on an
annual basis corresponding to all new loads that can be reasonably forecast.

In California, utility resource planning occurs in the California Public Utilities Commission’s (CPUC)
Integrated Resource Planning process (IRP), where the CPUC reviews resource plans for both investor-
owned utilities and community choice aggregators (CCAs).8 In IRP, utilities and CCAs submit resource plans
for how they will meet their load forecasts. Importantly, these resource plans are subject to a fixed GHG
emissions cap. In the most recent phase of IRP, utilities submitted plans aligned with a 2030 electric-sector
emissions cap of 38 million metric tons CO,, which is understood to be aligned with the state’s

8 CCAs are local nonprofit public agencies that procure power on behalf of customers, with the incumbent utility (e.g., PG&E)
retaining responsibility for transmission and distribution infrastructure and for customer metering and billing. CCAs are
widespread in the Bay Area, where they serve the majority of customer load.!!

Electric Infrastructure Impacts from Proposed Zero NOx Standards 13

Page 137 of 1403



Bay Area Air Quality Management District Electric Load Impacts and Solar Energy Needs

economywide emissions targets. Importantly, the same emissions cap was assumed across different
sensitivities on load levels.® The IRP base case is planned to have some level of gas-powered generation
that exactly meets the GHG emissions cap. Thus, any additional electric load from heat pumps would
require incremental procurement of zero-carbon electricity so as not to increase gas generation and
exceed the emissions cap.

More evidence that electrification loads will be met by zero-carbon resources comes from utility and CCA
voluntary emissions targets. PG&E as well as many CCAs have committed to achieving certain emissions
targets or 100% decarbonized portfolios regardless of load growth.? Although these targets may be for
different years, they are aligned with the IRP planning paradigm that zero-carbon resources should be
procured to serve new loads.

Municipal utilities such as the City of Palo Alto and Alameda Municipal Power are not subject to CPUC
oversight in resource planning. However, these utilities make up less than 5% of electric load in the Bay
Area.l!

Utility-scale Solar as the Marginal Zero-carbon Generation Resource

Resource planning studies have considered the mix of new electric generation resources that will be
developed in California. The IRP developed a Preferred System Plan that describes the optimal resource
build through 2032. This plan includes the development of the following energy resources: 19 GW of
utility-scale solar, 5 GW of land-based wind (including 1.5 GW out of state), 2 GW of offshore wind, 1 GW
of geothermal, and 0.1 GW of biomass.*? In addition, battery storage, pumped hydro storage, and demand
response are developed to provide generation capacity.

While the IRP is focused on resource needs over the next decade, the 2021 “SB100 Joint Agency Report”
considers resource needs through 2045.13 This report documents a joint study by the California Energy
Commission (CEC), CPUC, and CARB, investigating electric generation resource needs to meet the SB100
requirement that 100% of electric retail sales be from zero-carbon resources by 2045. Results of this study
indicate that energy needs will be met through a mix of utility-scale solar, customer solar, land-based wind,
and offshore wind, with utility-scale solar representing the majority of resource additions.*

Together, these studies indicate that utility-scale solar will be the predominant generation resource built
to serve new loads in California, although some amount of land-based wind, offshore wind, geothermal,
biomass, and/or other resources may also be developed. As a simplifying assumption, this study models

° Figure 4 (p91) shows different load sensitivities modeled using the 38 million metric tons GHG cap in 2030. Other emission
caps (46 MMT, 30 MMT) were considered but not adopted in this decision (Section 4.1, p72).
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF

10 See targets for PG&E, East Bay Community Energy (Alameda County), MCE (Marin, Napa, Solano, Contra Costa), Clean Power
SF (San Francisco County), and Peninsula Clean Energy (San Mateo County).

11 See for example Form 1.1c of the California Energy Commission’s Integrated Energy Policy Report.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=241383&DocumentContentld=75340

12 https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF

13 https://efiling.energy.ca.gov/EFiling/GetFile.aspx?tn=237167&DocumentContentld=70349

14 See ref. 13, Figure 3

Electric Infrastructure Impacts from Proposed Zero NOx Standards 14

Page 138 of 1403


https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF
https://www.pge.com/en_US/about-pge/environment/what-we-are-doing/pge-climate-goals/pge-climate-goals.page
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Febce.org%2Fnews-and-events%2Feast-bay-community-energy-commits-to-100-clean-energy-by-2030%2F&data=05%7C01%7Cjelwell%40baaqmd.gov%7C2b0eda107fee4796c5cb08da2c865aff%7C855defaabdae4e6281e53bb7aa04fc3a%7C0%7C0%7C637871253845793423%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=HcVQBILsdKuYpaiL%2FkeomW0EoQgu0cPnWemPSjh%2BfBE%3D&reserved=0
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.mcecleanenergy.org%2Fpress-releases%2Fgcas-commitments%2F&data=05%7C01%7Cjelwell%40baaqmd.gov%7C2b0eda107fee4796c5cb08da2c865aff%7C855defaabdae4e6281e53bb7aa04fc3a%7C0%7C0%7C637871253845793423%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=p%2B0IrGt8oTnqRq4HMJK%2BloYnVbi75Y%2F0T6QKLWGU8p8%3D&reserved=0
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cleanpowersf.org%2Fresourceplan&data=05%7C01%7Cjelwell%40baaqmd.gov%7C2b0eda107fee4796c5cb08da2c865aff%7C855defaabdae4e6281e53bb7aa04fc3a%7C0%7C0%7C637871253845793423%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=FqnKNO142JjA3WewQgE2mrI6nr%2FQzfL6lCS9V5gldh8%3D&reserved=0
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cleanpowersf.org%2Fresourceplan&data=05%7C01%7Cjelwell%40baaqmd.gov%7C2b0eda107fee4796c5cb08da2c865aff%7C855defaabdae4e6281e53bb7aa04fc3a%7C0%7C0%7C637871253845793423%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=FqnKNO142JjA3WewQgE2mrI6nr%2FQzfL6lCS9V5gldh8%3D&reserved=0
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.peninsulacleanenergy.com%2F&data=05%7C01%7Cjelwell%40baaqmd.gov%7C2b0eda107fee4796c5cb08da2c865aff%7C855defaabdae4e6281e53bb7aa04fc3a%7C0%7C0%7C637871253845793423%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=CaWu6L32GiSsaRRJCX1FQ1RCSHr44hXeIda5dCVkwy8%3D&reserved=0
https://efiling.energy.ca.gov/GetDocument.aspx?tn=241383&DocumentContentId=75340
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF
https://efiling.energy.ca.gov/EFiling/GetFile.aspx?tn=237167&DocumentContentId=70349

Bay Area Air Quality Management District Electric Load Impacts and Solar Energy Needs

the impacts of utility-scale solar as the sole generation resource developed to serve potential new loads
resulting from the proposed zero NOx standards.

Utility-scale Solar Impacts

Note that this study does not aim to assess the total amount of solar generation needed to meet all
customer loads. Rather, it aims to determine the additional solar generation needed to meet potential
incremental loads from the proposed zero NOx standards beyond what would already be required in the
reference scenarios.

The size of a solar power plant is described by its nameplate capacity and measured in MW (megawatts).
The nameplate capacity describes the maximum potential output of the plant under optimal conditions.
The average output from a solar plant is lower than the nameplate capacity and will depend on the plant’s
location and the technologies used. Solar technology characteristics used in the analysis are discussed in
the section Appendix: Detailed Methodology.

Figure 3 shows the cumulative incremental solar capacity relative to the Low Policy Reference over time,
breaking out the annual additions in each year. Relative to the Low Policy Counterfactual, 2,180 MW of
incremental utility-scale solar capacity would be required by 2050. This amount of new solar capacity
would generate 6.2 TWh/year of electricity, corresponding to the incremental loads relative to the Low
Policy Reference (see Figure 2).

Relative to the High Policy Reference, 70 MW of incremental solar capacity would be needed by 2050.

Figure 3: Potential incremental utility-scale solar capacity relative to Low Policy Reference
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As context for these incremental solar needs, the 2021 SB100 Joint Agency Report, described above, found
that 70,000 MW of utility-scale solar capacity would be developed by 2045 in an optimal portfolio.3

Electric Infrastructure Impacts from Proposed Zero NOx Standards 15

Page 139 of 1403



Bay Area Air Quality Management District Electric Load Impacts and Solar Energy Needs

Table 4 describes the potential 2050 utility-scale solar impacts from the proposed zero NOx standards. In
addition to showing the potential impacts on solar capacity needs, Table 4 also describes the potential
cost and land use impacts.

Table 4: Potential utility-scale solar impacts from proposed standards

2050 impact relative to 2050 impact relative to
Low Policy Reference High Policy Reference
Utility-Scale Solar 2180 MW 70 MW impact by 2050
(MW) Accelerated impact in 2030s, 2040s
Cumulative Cost $1,860 $390
(Real $2021 Million) Due to accelerated build
Land Use (acres) 19,500 700

The costs in this table are calculated based on annual incremental load impacts and the levelized cost of
energy (LCOE) of utility-scale solar, as described in the section Appendix: Detailed Methodology. Costs
reported here reflect cumulative costs through 2050, incremental to the Reference.

To evaluate the land use impacts associated with utility-scale solar, E3 drew on an NREL report that
evaluated the direct land use impacts of solar, ie., the land directly occupied by solar project
infrastructure.?> The study found the direct land-use impact of utility-scale solar to be 9.0 acres per MW.
The incremental utility-scale solar needs described above correspond to direct land use impacts of 79 km?
(19,500 acres) relative to the Low Policy Reference, and 3 km? (700 acres) relative to the High Policy
Reference. For more details on NREL report, see the section Appendix: Detailed Methodology.

The land requirements of renewable generation resources are well understood, and environmental
restrictions on renewable project siting are an active topic of discussion among policymakers and
stakeholders. In 2019, The Nature Conservancy published a report called “The Power of Place,” which
considered the land impacts of renewable generation needed to achieve California’s climate goals and
evaluated scenarios with different environmental exclusions for renewable development.® Across the
scenarios evaluated, the study found 1.6 million to 3.1 million acres of land would be developed by 2050
for solar and wind generation.”

The report also explored where in-state resources may be developed, indicating that utility-scale solar
development would likely focus in areas of high solar resource quality in the Central Valley, Inland Empire,
and Mojave Desert, with little to no utility-scale solar development within the Bay Area.'® The CPUC has
also evaluated where new resources are likely to be developed on a ten-year timeframe, indicating similar

15 https://www.nrel.gov/docs/fy130sti/56290.pdf

16 https://www.scienceforconservation.org/products/power-of-place

17 See p6, https://www.scienceforconservation.org/assets/downloads/Executive_Summary Power of Place.pdf
18 See figure 9, https://www.scienceforconservation.org/assets/downloads/Technical Report Power of Place.pdf
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in-state locations for utility-scale development as well as some out-of-state locations in Arizona and
Nevada.??

19 See figure 1, https://files.cpuc.ca.gov/energy/modeling/Modeling_Assumptions 2022-2023 TPP_V.2022-2-7.pdf
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5. Capacity-Related Impacts and Infrastructure Needs

Capacity Impact Methodology

County-level Load Disaggregation

For this section of the analysis, annual load impacts were disaggregated to the nine Bay Area counties.
There are two reasons why this disaggregation was done:

+ Different hourly load shapes were used for each county, as described in more detail in the section
End-Use Load Profiles.

+ Different distribution capacity avoided costs were used for each county based on the corresponding
CEC climate zone, as described in more detail in the section Evaluating Capacity Impacts.

More details of this load disaggregation are provided in the section Appendix: Detailed Methodology.
County-level impacts have not been calculated in this study. All results are provided for the full BAAQMD
territory, with the county-level loads used as an intermediate step to reflect the distinctions in load shapes
and distribution capacity avoided costs across the Bay Area counties.

End-Use Load Profiles

Hourly end-use load profiles were developed based on building simulations from the NREL ResStock and
ComStock databases.?® These databases contain building energy simulation data for the entire US,
evaluated with county-level weather data and broken out by census tract. The goal of the databases is to
approximately represent the entire US building stock through hourly simulations of building loads.

More details on the load profiles are provided in the section Appendix: Detailed Methodology.

Evaluating Capacity Impacts

E3 leveraged the California Public Utility Commission’s (CPUC’s) 2021 Avoided Cost Calculator (ACC) to
calculate the potential impacts of incremental heat pump loads on generation capacity, transmission
capacity, and distribution capacity. The Avoided Cost Calculator (ACC) is a spreadsheet model designed to
evaluate the impacts of distributed energy resources on the grid.?! Although initially developed to
evaluate programs that reduce load, the ACC is increasingly being used to evaluate the marginal costs and
benefits of load growth measures, including building and vehicle electrification. E3 maintains the ACC on
behalf of the CPUC.

The ACC provides hourly marginal costs for generation capacity, transmission capacity, and distribution
capacity, reflecting how capacity costs in each category are allocated over peak hours where load growth

20 https://resstock.nrel.gov/, https://comstock.nrel.gov/
21 https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/demand-side-management/energy-efficiency/idsm
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would drive a need for new investment. The ACC reflects distinct peak hours for generation capacity,
transmission capacity, and distribution capacity, with distribution capacity further differentiated among
climate zones within California.

Hourly Load Impacts

Figure 4 shows the hourly distribution of potential load impacts by 2050 relative to the Low Policy
Reference. This figure shows how the 6.2 TWh/year of additional loads would be distributed over the
months of the year (vertical) and hours of the day (horizontal). Due to the timing of space heating loads,
the largest potential load impacts are calculated to be in winter night and morning hours.

Figure 4: Heat map showing the distribution of potential 2050 load impacts relative to Low Policy
Reference
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Capacity-Related Infrastructure Needs

Generation Capacity

Table 5: Potential generation capacity impacts from proposed standards

2050 impact relative to 2050 impact relative to
Low Policy Reference High Policy Reference
Generation Capacity 410 MW < 10 MW impact by 2050
(MWwW) Accelerated impact in 2030s, 2040s
4-Hour Battery Storage 680 MW < 10 MW impact by 2050
(MW) Accelerated impact in 2030s, 2040s
Cumulative Cost $90 $30
(Real $2021 Million) Due to accelerated build
Land Use (acres) 8 <0.1

Table 5 describes the potential 2050 generation capacity impacts associated with the proposed zero NOx
standards. Generation capacity describes the need for generation resources to serve electricity needs at
times of peak demand. Because California’s electric system peaks in summer afternoons and evenings,
only load impacts in those hours contribute to generation capacity needs.

Relative to the Low Policy Reference, potential heat pump adoption under the proposed standards would
lead to 410 MW of additional generation capacity need by 2050. This describes the need for “perfect
capacity,” i.e., capacity of an idealized perfectly firm resource that never suffers outages. The ACC assumes
that 4-hour batteries will be the marginal resource to provide generation capacity, but forecasts that the
capacity contribution of these batteries will fall to 60% by 2050.2% As a result, 680 MW (nameplate capacity)
of 4-hour batteries would be required to provide 410 MW of (perfect) generation capacity.

Battery storage costs are also estimated based on the ACC. Battery costs in the ACC reflect that
investments in utility-scale batteries would be financed over the lifetime of the assets. Costs reported
here reflect cumulative payments through 2050 on financed battery storage systems, incremental to the
Reference.

Utility-scale batteries are containerized systems and have much smaller land impacts than utility-scale
solar. Using specifications for the Tesla Megapack battery,?> 680 MW of battery storage would have an 8-
acre footprint.

22 Details in the 2021 ACC documentation (https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-
division/documents/demand-side-management/acc-models-latest-version/2021-acc-documentation-vib.pdf) and model
(https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/demand-side-management/acc-
models-latest-version/2021-acc-electric-model-vlb.xIsb)

23 https://www.tesla.com/blog/introducing-megapack-utility-scale-energy-storage
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Relative to the High Policy Reference, there is an accelerated need for generation capacity in the 2030s
and 2040s but only a negligible capacity impact (< 10 MW) and land impact (<0.1 acres) by 2050.

As context for these battery storage needs, the SB100 Joint Agency Report indicates that 49,000 MW of
battery storage capacity would be built in California by 2045 as part of an optimal resource portfolio.?

Transmission Capacity

Table 6: Potential transmission capacity impacts from proposed standards

2050 impact relative to 2050 impact relative to

Low Policy Reference High Policy Reference
Transmission Capacity 460 MW <1 MW impact by 2050
(MWw) Accelerated impact in 2030s, 2040s
Cumulative Cost $100 $25
(Real $2021 Million) Due to accelerated build
Associated Costs reflect one transformer Negligible impact by 2050
infrastructure upgrade or 10-20% of a 100-mile Accelerated impact in 2030s, 2040s

transmission project

Table 6 describes the potential 2050 transmission capacity impacts associated with the proposed zero
NOx standards. Transmission capacity describes the need for new transmission investments to support
increased peak loads on the transmission system. Because California’s electric system peaks in summer
afternoons and evenings, only load impacts in those hours contribute to transmission capacity needs.

This analysis finds that, relative to the Low Policy Reference, potential heat pump adoption under the
proposed standards would require infrastructure to support 460 MW of incremental transmission
capacity need by 2050. Relative to the High Policy Reference, there is an accelerated need for transmission
capacity in the 2030s and 2040s but only a negligible capacity impact (< 1 MW) and infrastructure impact
by 2050.

Transmission costs are also estimated based on the ACC. Transmission costs in the ACC reflect that utility
investments in transmission would be financed by an electric utility and recovered from ratepayers over
the lifetime of the asset. Costs reported here reflect cumulative ratepayer costs through 2050,
incremental to the Reference.

There is not a simple picture of what infrastructure would be required to provide 460 MW of transmission
capacity (incremental to the Low Policy Reference). As shown in Table 6, this transmission capacity would
come at a cumulative cost of $100 million in real (inflation-adjusted) 2021 dollars. This cost estimate can
be used to understand the scope of investment needed to provide this level of transmission capacity.

24 https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100-percent-clean-electricity
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Projects to increase transmission capacity are generally expensive large-scale projects and may cost
hundreds of millions or billions of dollars. Thus, the transmission capacity impacts described here may
reflect the need for only a fraction of a transmission project. To understand these infrastructure impacts,
E3 considered the CA Independent System Operator (CAISO) 20-Year Transmission Outlook, a document
that considers transmission needs over the next 20 years to meet load and renewable energy growth
aligned with state policy.?® This plan describes $11 billion in upgrades to the existing CAISO transmission
footprint over the 20-year timeframe. Based on the project details included in the study, the $100 million
additional transmission system costs relative to the Low Policy Reference would correspond to a single
transformer upgrade or 10-20% of the project cost associated with a 100-mile transmission project.

The $11 billion figure also provides a reference point to understand the scale of transmission investments
that are forecast over the next two decades in the CAISO footprint, which covers ~80% of California’s
electric load.

25 http://www.caiso.com/InitiativeDocuments/20-YearTransmissionOutlook-May2022.pdf
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Distribution Capacity

Table 7: Potential distribution capacity impacts from proposed standards

2050 impact relative to 2050 impact relative to

Low Policy Reference High Policy Reference
Distribution Capacity 420 MW < 10 MW impact by 2050
(MW) Accelerated impact in 2030s, 2040s
Cumulative Cost $380 $100
(Real $2021 Million) Due to accelerated build
Estimated Banks 6 New Banks Negligible impact by 2050
(New, by 2050) Accelerated impact in 2030s, 2040s
Estimated Feeders 45 New Feeders Negligible impact by 2050
(New, by 2050) Accelerated impact in 2030s, 2040s
Estimated Line Sections 10 New Line Section Negligible impact by 2050
(New, by 2050) Accelerated impact in 2030s, 2040s
Estimated Banks 31 Bank Upgrades Negligible impact by 2050
(Upgrades, by 2050) Accelerated impact in 2030s, 2040s
Estimated Feeders 42 Feeder Upgrades Negligible impact by 2050
(Upgrades, by 2050) Accelerated impact in 2030s, 2040s
Estimated Line Sections 35 Line Section Upgrades Negligible impact by 2050
(Upgrades, by 2050) Accelerated impact in 2030s, 2040s

Table 7 summarizes the potential distribution infrastructure needs estimated to result from the proposed
zero NOx standards from 2026 through 2050. Distribution capacity describes the need for investments to
support increased peak loads on the distribution system. While generation capacity and transmission
capacity needs are only triggered by summer afternoon and evening loads, the ACC indicates that
distribution capacity needs may be affected by loads across a broader set of hours in all four seasons. In
addition, distribution capacity costs and peak hours used in this study are differentiated by CEC climate
zone.

This analysis finds that potential growth from heat pump adoption would result in incremental distribution
capacity requirements of 420 MW by 2050 relative to the Low Policy Reference. As with transmission
capacity, the associated infrastructure needs can be evaluated by considering the associated cost of
distribution capacity. The 420 MW of distribution capacity needs reflect a cumulative (simple sum) cost
of $380 million by 2050 (real 2021 dollars).

Relative to the High Policy Reference, there is an accelerated need for distribution capacity in the 2030s
and 2040s but only a negligible capacity impact (< 10 MW) and cost impact by 2050.

Distribution costs are also estimated based on the ACC. Distribution costs in the ACC reflect that utility
investments in distribution would be financed by an electric utility and recovered from ratepayers over
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the lifetime of the asset. Costs reported here reflect cumulative ratepayer costs through 2050,
incremental to the Reference.

Utility spending on distribution capacity reflects various infrastructure projects to accommodate
increased peak loads on the system. Distribution infrastructure projects range from upgrades or
replacements of existing equipment, which occur in existing rights of way, to greenfield construction of
new line sections, distribution feeders, or substations, which may have a more significant environmental
impact. For this study, E3 used the planned investments in PG&E’s 2021 Distribution Deferral
Opportunities Report (DDOR) filing?® to evaluate how distribution capacity costs may be invested into
distribution infrastructure projects. The list of projects in the DDOR was categorized according to whether
projects represented new build or upgrades, and then further divided into three general project
categories: distribution banks, feeders, and line sections. The costs of these projects were used to
estimate the number and type of projects built per million dollars of distribution-system investment. The
project counts shown in Table 7 reflect, in aggregate, an estimate of how $380 million may be spent on
distribution-system infrastructure.

As a point of reference for these distribution-system cost estimates, the 2021 DDOR reflects $400 million
per year in distribution capacity-related costs in PG&E’s service territory, covering ~30% of statewide load.

26 https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M400/K593/400593924.PDF
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6. Conclusion

This study evaluated the electric grid impacts of heat pump adoption that could result from the
proposed zero NOx standards. The results indicate that the potential electric grid impacts of the
proposed zero NOx standards are highly dependent on what other policies California enacts around
building electrification to meet the state’s climate goals.

Relative to the Low Policy Reference, a scenario where the state’s climate goals are not met, the
proposed standards would result in incremental load impacts, capacity impacts, and infrastructure
impacts by 2050. The Low Policy Reference only assumes existing policies and incentives to support
building electrification and reflects a future in which California fails to meet our climate targets. Thus,
these results provide a conservative upper-bound estimate of the impacts that could be attributed to
the proposed zero NOx standards.

Conversely, relative to the High Policy Reference, a scenario in line with achieving the state’s climate
goals, the proposed standards would result in some acceleration of grid impacts, but almost no net
impacts by 2050. This reflects future state policies assumed in the High Policy Reference would result in
near-100% heat pump adoption as well as significant electric grid impacts by 2050, even without the
proposed zero NOx standards.
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7. Appendix: Sensitivities on Implementation Year

Sensitivity 1: Zero NOx standards take effect in 2026

In this sensitivity, all zero NOx standards are assumed to take effect January 1, 2026. As in the main

analysis, this sensitivity assumes that only 50% of gas used for commercial water heating would be
covered by the zero NOx standards.

Figure 5 illustrates the load impacts for this sensitivity. Compared to the main analysis (Figure 2), load
impacts begin earlier due to the earlier implementation of the zero NOx standards.

Figure 5: Potential annual load impact relative to reference scenarios (sensitivity 1)

Table 8 provides a summary of 2050 electric grid impacts in this sensitivity. Compared to the main analysis
(Table 1), implementing the zero NOx standards in 2026 would accelerate electric grid impacts but would
result in similar overall impacts by the year 2050. This is because, even with the proposed zero NOx

standard applicable dates from 2027-2031, nearly 100% of customers would have heat pumps installed
by 2050.
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Table 8: Summary of potential 2050 electric grid impacts of zero NOx standards (sensitivity 1)

Impact relative to Impact relative to

Low Policy Reference High Policy Reference
Utility-scale solar 2,240 MW new solar by 2050 120 MW new solar by 2050
to serve electric loads + accelerated build in 2030s & 2040s
4-hour battery storage 700 MW new batteries by 2050 <10 MW new batteries by 2050
for generation capacity + accelerated build in 2030s & 2040s
Transmission Capacity 460 MW impact by 2050 < 10 MW impact by 2050

+ accelerated build in 2030s & 2040s

Distribution Capacity 440 MW impact by 2050 < 10 MW impact by 2050
+ accelerated build in 2030s & 2040s

Sensitivity 2: Zero NOx standards take effect in 2035.

In this sensitivity, all zero NOx standards are assumed to take effect January 1, 2035. As in the main
analysis, this sensitivity assumes that only 50% of gas used for commercial water heating would be
covered by the zero NOx standards.

Figure 6 illustrates the load impacts for this sensitivity. Compared to the main analysis (Figure 2), load
impacts begin later due to the later implementation of the zero NOx standards.

Figure 6: Potential annual load impact relative to reference scenarios (sensitivity 2)

Table 9 provides a summary of 2050 electric grid impacts in this sensitivity. Compared to the main analysis
(Table 1), implementing the zero NOx standards in 2035 would delay electric grid impacts and would result
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in 5-10% smaller impacts by the year 2050. Based on the device lifetimes used in this analysis,
implementing the standards in 2035 would still result in 100% adoption levels for residential heat pumps
as well as commercial heat pump water heaters by 2050, with only commercial space heating not
achieving 100% adoption by 2050.

Table 9: Summary of potential 2050 electric grid impacts of zero NOx standards (sensitivity 2)

Impact relative to Impact relative to

Low Policy Reference High Policy Reference
Utility-scale solar 2,010 MW new solar by 2050 -60 MW new solar by 2050
to serve electric loads (less need than in reference)
4-hour battery storage 650 MW new batteries by 2050 ~0 new batteries by 2050
for generation capacity (less need than in reference)
Transmission Capacity 420 MW impact by 2050 ~0 MW impact by 2050

(less need than in reference)

Distribution Capacity 390 MW impact by 2050 ~0 MW impact by 2050
(less need than in reference)
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Technology Assumptions

Table 10 illustrates modeling assumptions for baseline gas technologies. Device lifetime and performance
metrics are based on representative building equipment data from the Energy Information Administration
(EIA).?” Where lifetime ranges were provided by EIA, E3 selected a conservative (short) lifetime from
within the range.

Table 10: Baseline gas technologies modeled for each end use

End use Representative Device Lifetime

technology (years)

Residential Gas furnace 16
Space Heating

Residential Gas storage 10
Water Heating water heater

Commercial Gas furnaceor 23
Space Heating rooftop unit

Commercial Gas storage 10
Water Heating  water heater

For the heat pumps that could replace these gas devices, assumptions regarding performance for water
heating and air conditioning are also based on EIA data.?’” For space heating performance, E3 modeled
high-end heat pumps in today’s market, which are meant to reflect representative technologies that
would be installed in the late 2020s and beyond.

Reference Scenarios

Although the CARB scenarios reflect statewide adoption, they were used as-are for this work due to the
lack of available forecasts specifically for the Bay Area. The electric load impacts developed in this study
are based on the adoption trajectories rather than absolute adoption levels and are benchmarked to 2019
gas usage data for BAAQMD's territory. Thus, the load impacts developed in this study should be reflective
of the Bay Area even if CARB’s statewide scenarios do not reflect the absolute levels of heat pump
adoption in the region.

27 https://www.eia.gov/analysis/studies/buildings/equipcosts/
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In addition, the CARB scenarios were only provided through 2045. As this analysis was performed through
2050, the Low Policy and High Policy Reference scenarios were extrapolated through 2050 using an
exponential smoothing algorithm.

Sales share and stock share trajectories for residential heat pump space heating is presented in the section
Reference Scenarios and Proposed Standards Scenario. The following figures present the potential sales
share and stock share for residential heat pump water heating (Figure 7), commercial heat pump space
heating (Figure 8), and commercial heat pump water heating (Figure 9).

Figure 7: Potential sales share (left) and stock share (right) for residential heat pump water heating
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Figure 8: Potential sales share (left) and stock share (right) for commercial heat pump space heating

Figure 9: Potential sales share (left) and stock share (right) for commercial heat pump water heating
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Air Conditioning Loads

To estimate current levels of residential AC adoption, E3 used data from the CEC’s 2019 Residential
Appliance Saturation Survey?® (RASS) on AC adoption by CEC climate zone among homes in PG&E’s gas
service territory. Each of the nine Bay Area counties was assigned to one CA climate zone as illustrated in
Table 11 above.

To estimate future residential AC adoption in the reference scenarios, E3 compared AC saturation data
for the same set of buildings (pre-2000 vintage) between the 2009 and 2019 vintages of the RASS.?° This
enabled the development of a decadal AC adoption rate for each climate zone. Note that this does not
reflect potential for the acceleration of AC adoption due to climate change or other factors. However, this
does reflect a conservative (upper end) assumption for the potential for AC load growth due specifically
to heat pump adoption.

Commercial buildings were assumed to already have 100% AC adoption. Although some smaller
commercial building may not have air conditioning, this assumption reflects that the largest energy users
among commercial buildings are likely to already have air conditioning.

Finally, average per-building air conditioning loads were calculated from the National Renewable Energy
Laboratory (NREL) ResStock and Comstock databases.3® Average annual AC load was calculated among
residential buildings and commercial buildings that currently have AC in each Bay Area county. Residential
buildings without AC that install a heat pump were assumed to add slightly less than the average per-
building AC load. Residential buildings with AC that install a heat pump were assumed to slightly reduce
their AC load.

Solar Technology Modeling

In this modeling, cost and performance data for solar generation come from the National Renewable
Energy Laboratory’s 2021 Annual Technology Baseline (NREL ATB), which provides standardized forecasts
of energy technology development over time.3! The modeling uses the “Moderate” technology
development trajectory for “Class 3 Utility-Scale PV.” (PV, or photovoltaic, reflects the main technology
used in solar electricity generation). The specific data used are Levelized Cost Of Electricity (LCOE), which
reflects the cost of solar energy, and capacity factor, which reflect the average amount of energy produced
by 1 MW of solar capacity. These data are shown in Figure 10.

Both cost and capacity factor are forecast to steadily improve, with LCOE falling and capacity factor
increasing over time. Our modeling assumes that new solar is built to serve incremental energy needs in
every year, using each year’s solar cost and capacity factor. As a result, some amount of incremental

28 https://www.energy.ca.gov/sites/default/files/2021-08/CEC-200-2021-005-ES.pdf
29 https://webtools.dnv.com/CA RASS/Default.aspx

30 https://resstock.nrel.gov/, https://comstock.nrel.gov/

31 https://atb.nrel.gov/electricity/2021/utility-scale pv
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energy need in 2030 would result in greater solar capacity impacts and greater cost impacts (in real dollars)
than a need for the same amount of energy in 2040.

Figure 10: Solar LCOE and capacity factor over time, from NREL ATB

Land density for utility-scale solar is modeled as 27.5 MW / km? based on the 2013 NREL report “Land-
Use Requirements for Solar Power Plants in the United States.”3? This report estimates both the total and
direct land area required for solar generation projects in the US, explaining: “The total area corresponds
to all land enclosed by the site boundary. The direct area comprises land directly occupied by solar arrays,
access roads, substations, service buildings, and other infrastructure.” This study uses the direct area
required for “Large PV” (i.e., utility-scale) and assumes that 1-axis tracking systems are used.3® The
report’s figure of 9.0 acres / MW corresponds to 27.5 MW / km?.

County-level Load Disaggregation

County-level loads were disaggregated using data from the 2019 American Community Survey (ACS),3*
which reports the number of households with gas space heating for each census tract in California. E3
considered census tracts subject to the proposed standards if the centroid of the census tract fell within
the boundaries of the BAAQMD territory, as delineated in a shapefile provided to E3 by BAAQMD. Covered

32 https://www.nrel.gov/docs/fy130sti/56290.pdf

33 Based on the 2021 early release data from EIA-860, 76% of utility-scale solar generation capacity in CA currently uses 1-axis
tracking. https://www.eia.gov/electricity/data/eia860/

34 See https://www.census.gov/programs-surveys/acs/data.html
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census tracts were aggregated to the county level to determine the number of gas-heated residential
buildings in each county that would be covered by the proposed standards.

Table 11 shows the numbers of gas-heated households covered by BAAQMD. These figures were used to
allocate the total load impacts for residential and commercial space and water heating over the nine Bay
Area counties. In addition, each county was assigned to a single CEC Title 24 Climate Zone meant to reflect
most of the buildings within that county.

This is a coarse methodology for load disaggregation and county-level results have not been calculated.
All results are provided for the full BAAQMD territory, with the county-level loads used as an intermediate
step to reflect the distinctions in load shapes and distribution capacity avoided costs across the Bay Area
counties.

Table 11: Number of gas-heated households per county in BAAQMD territory and assigned climate zones

County Gas-Heated Households Climate Zone
Alameda 397,155 3
Contra Costa 270,465 12
Marin 73,325 2
Napa 31,191 2
San Francisco 214,061 3
San Mateo 174,341 3
Santa Clara 295,819 4
Solano 72,262 12
Sonoma 113,004 2

End Use Load Profiles

A five-step approach was used to develop heat pump load profiles for this study.

1. Space heating, water heating, and space cooling load profiles from ResStock and ComStock were
aggregated for each of the nine Bay Area counties. To reflect energy demands for buildings that
currently use gas for space and water heating, E3 utilized hourly load profiles corresponding to
natural gas usage for those end uses.

2. To maintain accurate correlation between weather and energy usage, E3 developed a random forest
regression model to map load simulations from the NREL databases onto the standardized weather
data used in the Avoided Cost Calculator. Random forest models are popular for regression
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modelling of electric loads as they provide reasonable results with minimal parameter tuning.3>36
The model was validated using ResStock and ComStock simulations performed on two different sets

of weather data.

3. Heat pump performance varies as a function of outdoor air temperature. E3 considered a high-end
heat pump in today’s market and reflective of representative technologies that would be installed in
the 2030s. Using this technology and associated weather data, the hourly natural gas load profiles

were converted into corresponding heat pump electric load profiles.
4. Load profiles were normalized by dividing by the sum of loads over the year. This results in

normalized load profiles for each end use and each county, aligned with the weather data used in

the Avoided Cost Calculator.

5. For each end use, normalized load profiles were multiplied by the annual load impacts allocated to

each county. This results in county-level hourly load impacts for each end use and year.

35 https://www.researchgate.net/publication/280555451 Random forests model for one day ahead load forecasting
36 https://res.mdpi.com/d _attachment/algorithms/algorithms-13-00274/article deploy/algorithms-13-00274.pdf
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Assessing Ambient Air Quality and Health Impacts from Natural Gas Building
Appliances in the Bay Area: Supplemental Information for Proposed Amendments
to Regulation 9, Rule 4 and Rule 6

Executive Summary

Introduction

This assessment evaluates ambient air quality and health impacts from commercial and
residential natural gas combustion emissions to provide supplemental information for proposed
amendments to Bay Area Air Quality Management District (Air District or BAAQMD) Rules 9-4 and
9-6. These proposed rule amendments (Elwell, 2022) limit emissions of oxides of nitrogen (NO
and NO,, together referred to as NO,) from natural gas-fired furnaces (9-4) and water heaters and
boilers (9-6). They impose a zero-NO, standard on natural gas-fired commercial and residential
building space and water heating appliances.

Natural gas-fired furnaces, water heaters, and boilers emit NO,, fine particulate matter (PM, ),
and other pollutants directly into the air. Once emitted to the atmosphere, NO, further reacts
with other pollutants to form secondary PM, s. Total PM, 5 is the combination of directly emitted,
or primary PM, s, and secondary PM, s.

This assessment focuses on the impact of reductions in emissions from natural gas-fired building
appliances to be expected should the proposed rule amendments be fully implemented, with
emissions reductions from current versions of the rules being excluded from benefit analyses.
The proposed amendments do not specify what technology to use, but one way to meet the zero-
NO, requirement is with electric appliances, which are currently available on the market. Because
the adoption of electric equipment would eliminate all combustion-related emissions, this
assessment evaluates reduced impacts with electric appliances that emit no NO,—and so
contribute no secondary PM, s—and also emit no primary PM, .

Should zero-NO, natural-gas fired appliances be developed in response to the proposed rules, the
rules would achieve the described reductions in secondary PM, s but may or may not achieve the
reduction in impacts ascribed to reductions in primary PM, 5, depending on how the appliances
are designed and how many consumers choose to purchase natural-gas fired versus electric
appliances.

Analysis Methods

Using the U.S. EPA’s Community Multiscale Air Quality (CMAQ) model, staff conducted a year-
long simulation to estimate ambient NO, and PM, 5 contributions from commercial and
residential building appliances. Using the U.S. EPA’s Environmental Benefits Mapping and Analysis
Program — Community Edition (BenMAP-CE), staff also estimated the health impacts of simulated
PM, 5. BenMAP-CE provides many health impact functions to estimate health impacts of PM; 5
and ozone. This assessment focused on estimating the health impacts of PM, 5. Numerous
scientific studies (U.S. EPA, 2019) have linked PM, 5 exposure to adverse human health effects,
including but not limited to premature death, non-fatal heart attacks, and asthma. The
contribution of NO, emissions to ambient ozone levels in this context is relatively small, and the
health effects of these small changes in ozone levels are minimal.
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This modeling analysis featured two annual simulations for 2018: (1) a baseline scenario that
included the Air District’s latest emissions estimates from all inventoried sources and (2) a control
scenario that removed emissions from space heating and water heating appliances subject to the
proposed rules. Differences between these two simulations provided an estimate of the air
quality impacts of these targeted building appliances. Because these modeled impacts include
post-2018 NO, emission reductions associated with the current version of Rule 9-6, modeling
results were adjusted so that the control scenario is representative solely of emissions reductions
resulting from full implementation of the proposed updates to Rules 9-4 and 9-6, under the
scenario that no zero-NO, natural-gas fired appliances are developed. Should zero-NO, natural-
gas fired appliances be developed in response to the proposed rules, the rules would achieve the
described reductions in secondary PM, 5 but may or may not achieve the reductions ascribed to
reductions in primary PM, s.

CMAQ simulation results were analyzed for two cases: (1) an estimate of chemically produced
(secondary) PM, s impact from the targeted building appliances and (2) an estimate of total PM, 5
impact from the targeted building appliances. Changes in secondary PM, 5 level were attributed
to NO, emissions from the targeted building appliances. The estimated total PM, s impact
includes impacts from both the secondary PM, s and from primary PM, s that is directly emitted
from the targeted building appliances. BenMAP-CE was applied for changes in both secondary
and total PM, s levels.

In addition to an evaluation of air quality and health impacts of PM, s, this assessment also
includes an examination of modeled changes to levels of 24-hour-average PM, s and 8-hour-
average ozone at air quality monitoring stations when observed concentrations were near the
level of the national ambient air quality standards. Understanding how peak air pollution levels
are influenced by reduction in emissions from targeted building appliances provides insight into
how proposed amendments to Rules 9-4 and 9-6 might influence achieving and maintaining state
and federal ambient air quality standards should the proposed rules be fully implemented.

Emissions from the Appliances Covered by Proposed Rule Amendments

Table E.1 summarizes emissions from applicable commercial and residential natural gas
combustion in the Bay Area from the 2018 baseline scenario that would be targeted by the
proposed rule amendments.® Air quality and health impacts were evaluated based on a 3,690
tons per year (ton/yr) reduction in NO, emissions and a 458 ton/yr reduction in primary PM, 5
emissions, along with reductions in emissions of other pollutants shown in Table E.1. Note that
for 2018, NO, emissions from these targeted appliances totaled 4,267 tons; however, it is
estimated that full implementation of existing Rule 9-6 will reduce NO, emissions from
commercial and residential water heating by 576 tons relative to 2018. That leaves 3,690 tons of
NO, emissions to be addressed by the proposed rule amendments. For the remaining pollutants,
all emissions reductions from 2018 levels are associated only with the proposed rule
amendments. Additional details on emissions reduction estimates and how emissions were
treated in the modeling analyses are provided in Appendix A.1.

1 Natural gas combustion emissions represent the Air District’s latest estimates for residential (2019) and commercial
(2018) sources. These estimates are considered representative of 2018 conditions for modeling purposes.
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Table E.1: Bay Area emissions targeted by proposed rule amendments.

Annual Emissions (ton/yr)

Description NO, PM, s SO, ROG (o)
Commercial — space heating 553 45 4 29 238
Commercial — water heating 240 55 4 35 291
Residential — space heating 2,410 197 16 125 1,037
Residential — water heating 487 161 13 103 847
Total® 3,690 458 36 292 2,413

2 Totals may not match column summations due to rounding. Values rounded to nearest ton per year.

Simulated PM, s Impacts

Figure E.1 shows secondary and total PM, s contributions from targeted building appliance
emissions to ambient PM, s concentrations. Secondary PM, 5 contributions are the highest
(exceeding 0.15 pg/m3) in southwestern San José, Figure E.1 (left panel). Secondary PM, 5
contributions between 0.12 ug/m3 and 0.15 pg/m3 are seen over the entire metropolitan

San José region surrounding the highest PM, s reduction areas and over relatively small areas in
downtown San Francisco and downtown Oakland. Contributions between 0.09 pg/m3 and 0.12
ug/m?3 extend from Oakland to Gilroy and from San Mateo to San José following the Interstate
880 and 101 corridors. The same level of contributions also extends from San Ramon to
Livermore following the Interstate 680 and 580 corridors, respectively. Contributions between
0.04 pg/m3 and 0.09 pg/m?3 extend over much of the residential areas of the Bay Area and
beyond. This spread of contributions across a wide area is due to diffusion and dispersion of
pollutants in the atmosphere while forming secondary PM, .

Total PM, 5 contributions from targeted building appliance emissions to annual average PM, 5
concentrations exceed 0.30 pg/m3 in San Francisco and Oakland, Figure E.1 (right panel).
Contributions between 0.21 pug/m3 and 0.30 pg/m?3 are seen in areas surrounding those with
concentrations above 0.30 pug/m3 as well as in San José. PM, 5 contributions between 0.09 pg/m?3
and 0.21 pg/m?3 cover residential areas along the major freeways of the Bay Area from
Richmond/San Pablo to Gilroy, from San José to San Francisco, and from Concord to Livermore.
The same level of PM, 5 contributions is found over Napa, Santa Rosa, and Brentwood. The rest of
the Bay Area has contributions less than 0.09 pg/m3.
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Figure E.1: Simulated reductions in annual average ambient secondary (left) and total (right) PM, 5
concentrations with controlled emissions from building appliances covered by proposed amendments to
Rules 9-4 and 9-6.

Estimated Health Impacts

Aggregated BenMAP-CE results (Tables E.2 and E.3) show that reductions in secondary PM, 5
would reduce the incidence of premature mortality within the Air District’s jurisdiction by 23 to
52 cases per year. Similarly, reductions in total PM, 5 concentrations would reduce the incidence
of premature mortality by 37 to 85 cases per year. The ranges in these estimates reflect different
epidemiological studies. The valuations? assigned to premature death cases range from 230 to
530 million U.S. dollars for secondary PM, s and from 380 to 870 million U.S. dollars for total
PM; s.

The other health impacts in the EPA’s recommended BenMAP-CE configuration include selected
chronic/severe illnesses, hospital admissions/emergency room visits due to respiratory and
cardiovascular diseases, selected minor health effects, and asthma-related effects. The health
impacts evaluated showed decreased annual incidence as a result of reductions in PM, s levels
with elimination of emissions from applicable commercial and residential space and water
heating appliances. For example, for a 2020 population, 2.6 to 24 non-fatal heart attacks would
be prevented with the modeled reductions in secondary PM, s and 4.2 to 39 non-fatal heart
attacks would be prevented with the modeled reductions in total PM, s. The associated
valuations are estimated to be 0.23 to 2.1 million U.S. dollars and 0.38 to 3.5 million U.S. dollars,
respectively. Another example is the benefit of 4,100 and 6,700 fewer lost days of work, valued at
1.1 million U.S. dollars and 1.8 million U.S. dollars, respectively.

2 Valuations are not identical to cost savings. Some valuations are based on cost savings, but the most highly valued
component (mortality) is based on an estimate of willingness-to-pay (WTP).
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Table E.2: Estimated health impacts avoided with decreased PM, 5 from elimination of emissions from
applicable commercial and residential space and water heating appliances in the Bay Area.

Health Impact® Avoided Incidence, Per Year
Secondary PM, 5 Total PM, ¢
Premature mortality
All causes® 23-52 37-85
Chronic/severe illness
Non-fatal acute myocardial infarction 2.6-24 4.2-39
(heart attack)
Hospital admission, neurological® 7.7 13
Incidence, out of hospital cardiac arrest 0.45 0.73
Incidence, stroke 1.5 2.4
Incidence, lung cancer 1.9 3.1
Hospital admissions®
Respiratory® 24 3.9
Cardiovascularf 3.0 4.9
ER visits
Respiratorys 13 20
Cardiovascular® 6.2 10
Other effects
Restricted activity days 24,000 39,000
Work loss days 4,100 6,700
Hay fever/allergic rhinitis 440 710
Asthma-related effects
Asthma symptoms/albuterol use 9,200 15,000
Onset of asthma 71 110

@ Each health impact is associated with one or more unique International Classification of Diseases-9-Clinical
Modification (ICD-9-CM) code(s) (Medicode, 1996).

bIncludes all ICD-9 codes.

¢ First hospital admission (cause-specific, to indicate onset of the chronic disease) for dementia, Alzheimer’s disease,
or Parkinson’s disease (ICD-9 codes 290, 331.0, or 332, respectively), and other neurological morbidities.

4 Hospital admissions due to acute exposure to air pollution are assumed to pass through the emergency room;
however, the calculated value of hospital admissions does not account for the cost incurred in the emergency
room visit. This strategy avoids double-counting.

¢ Includes all respiratory diseases (ICD-9 codes 460-519).

fIncludes cardio-, cerebro-, and peripheral vascular diseases (ICD-9 codes 410, omitting 410.x2; 410-414; 426-427;
428; 429; 430-438; 440-448).

8 Includes respiratory diseases (ICD-9 codes 480-486, 491, 492, 496, 460-465, 466, 477, 493, 786.07).

P Includes all cardiac outcomes (ICD-9 codes 390-549).
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Table E.3: Valuations of avoided health impacts with decreased PM, s from elimination of emissions from
applicable commercial and residential space and water heating appliances in the Bay Area.

Total Valuation in 2020 U.S. Dollars,

Health Impact? Million Dollars Per Year
Secondary PM, 5 Total PM, 5
Premature mortality
All causes® 230-530 380-870
Chronic/severe illness
Non-fatal acute myocardial infarction 0.23-2.1 0.38-3.5
(heart attack)
Hospital admission, neurological® 0.11 0.19
Incidence, out of hospital cardiac arrest 0.019 0.03
Incidence, stroke 0.059 0.096
Incidence, lung cancer 0.056 0.091
Hospital admissions®
Respiratory® 0.028 0.045
Cardiovascularf 0.055 0.090
ER visits
Respiratory® 0.013 0.021
Cardiovascular” 0.0084 0.014
Other effects
Restricted activity days 1.9 3.2
Work loss days 1.1 1.8
Hay fever/allergic rhinitis 0.31 0.52
Asthma-related effects
Asthma symptoms/albuterol use 0.0037 0.0059
Onset of asthma 3.6 5.8
Sum
All health impacts included 240-540 400-890

3 Each health impact is associated with one or more unique International Classification of Diseases-9-Clinical
Modification (ICD-9-CM) code(s).

b Includes all ICD-9 codes.

¢ First hospital admission (cause-specific, to indicate onset of the chronic disease) for dementia, Alzheimer’s disease,
or Parkinson’s disease (ICD-9 codes 290, 331.0, or 332, respectively), and other neurological morbidities.

d Hospital admissions due to acute exposure to air pollution are assumed to pass through the emergency room;
however, the calculated value of hospital admissions does not account for the cost incurred in the emergency
room visit. This strategy avoids double-counting.

¢ Includes all respiratory diseases (ICD-9 codes 460-519).

fIncludes cardio-, cerebro-, and peripheral vascular diseases (ICD-9 codes 410, omitting 410.x2; 410-414; 426-427;
428; 429; 430-438; 440—-448).

& Includes respiratory diseases (ICD-9 codes 480-486, 491, 492, 496, 460-465, 466, 477, 493, 786.07).

P Includes all cardiac outcomes (ICD-9 codes 390-549).
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Simulated Changes in 24-hour PM, 5 and 8-hour Ozone Levels

In addition to evaluating air quality and health impacts from contributions to annual average
PM, s, in this assessment staff also examined modeled changes to levels of 24-hour-average PM; s
and 8-hour-average ozone at air quality monitoring stations when observed concentrations were
near the level of the national ambient air quality standards. While this assessment did not include
a formal modeling attainment demonstration for these pollutants, it did include an examination
of how peak levels are influenced by reduced emissions from commercial and residential space
and water heating emissions, providing insights into how proposed amendments to Rules 9-4 and
9-6 might influence achieving and maintaining state and federal ambient air quality standards
should the proposed rule amendments be fully implemented.

For 24-hour PM, 5, comparison of the control scenario to the baseline scenario showed a mean
modeled reduction of about 0.7 ug/m?3 for peak levels at the locations of monitoring sites when
levels of at least 30 pg/m3 were observed. For 8-hour ozone, the mean modeled reduction was
less than 0.1 ppb for peak levels when levels of at least 65 ppb were observed.3

3 For context, the current federal standard for 24-hour PM, 5 is 35 pug/m3 and the federal standard for 8-hour ozone is
70 ppb.
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List of Acronyms

AB 617
BAAQMD
BenMAP-CE
CARB
CDC

CEC
CEIDARS
CEPAM
CMAQ
co
E&CEA
EGU

EIC
EMFAC2017
ICD-9-CM
mscf
NAICS
NO

N02

NO,
PG&E
PM; s
ppb

ROG

SIP
SMOKE
SO,
ton/yr-km?
tpd
Ton/yr
U.S. EPA
WRF
WTP

Assembly Bill 617

Bay Area Air Quality Management District

Environmental Benefits Mapping and Analysis Program — Community Edition
California Air Resources Board

Centers for Disease Control and Prevention

California Energy Commission

California Emission Inventory Development and Reporting System
California Emission Projection and Analysis Model
Community Multiscale Air Quality (model)

Carbon monoxide

Emissions and Community Exposure Assessment (Section)
Electric generating unit

Emission Inventory Codes

Emission FACtor 2017

International Classification of Diseases-9-Clinical Modification
Million standard cubic feet

North American Industrial Classification System

Nitrogen oxide

Nitrogen dioxide

Oxides of nitrogen (NO and NO,)

Pacific Gas and Electricity (Company)

Particulate matter <2.5 um in aerodynamic diameter
Parts per billion

Reactive organic gases

State Implementation Plan

Sparse Matrix Operator Kernel Emissions (model)

Oxides of sulfur

Tons per year per 1-km grid square

Tons per day

Tons per year

United States Environmental Protection Agency

Weather Research and Forecasting (model)

Willingness to pay (to avoid risk)
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Assessing Ambient Air Quality and Health Impacts from Natural Gas Building
Appliances in the Bay Area: Supplemental Information for Proposed Amendments
to Regulation 9, Rule 4 and Rule 6

1. Introduction

1.1 Background and Purpose

This assessment evaluates ambient air quality and health impacts from commercial and
residential natural gas combustion emissions to provide supplemental information for proposed
amendments to Bay Area Air Quality Management District (Air District or BAAQMD) Rules 9-4 and
9-6. These proposed rule amendments (Elwell, 2022) limit emissions of oxides of nitrogen (NO
and NO,, together referred to as NO,) from natural gas-fired furnaces (9-4) and water heaters and
boilers (9-6). They impose a zero-NO, standard on natural gas-fired commercial and residential
building space and water heating appliances.

Natural gas-fired furnaces, water heaters, and boilers emit NO,, fine particulate matter (PM, ),
and other pollutants directly into the air. NO, forms when fuels like natural gas are burned at high
temperatures. Once emitted to the atmosphere, NO, further reacts with other pollutants to form
secondary PM, 5. Total PM, 5 is the combination of directly emitted, or primary PM, 5, and
secondary PM, .

Numerous scientific studies (U.S. EPA, 2019) have linked PM, 5 exposure, to many adverse human
health effects, including premature death, non-fatal heart attacks, and asthma.* NO has no
known adverse health effects, but NO, can cause a range of harmful effects and is one of six
criteria pollutants for which national ambient air quality standards are set.

This assessment focuses on the difference between current emissions from natural gas-fired
building appliances and the emissions to be expected should the proposed rule amendments be
fully implemented. The proposed amendments do not specify what technology to use, but one
way to meet the zero-NO, requirement is with electric appliances, which are currently available
on the market. Because the adoption of electric equipment would eliminate all combustion-
related emissions, this assessment evaluates reduced impacts with electric appliances that emit
no NO,—and so contribute no secondary PM, s—and also emit no primary PM, .

Should zero-NO, natural-gas fired appliances be developed in response to the proposed rules, the
rules would achieve the described reductions in secondary PM, 5 but may or may not achieve the
reduction in impacts ascribed to reductions in primary PM, 5, depending on how the appliances
are designed and how many consumers choose to purchase natural-gas fired versus electric
appliances.

The rest of this document provides an overview of the analysis methods (Sections 1.2 and 1.3)
and emissions inputs (Section 2), modeled air quality (Section 3), PM, 5 health impacts findings

4 Natural gas combustion is also a significant contributor to ultrafine PM (UFP) emissions in the Bay Area (Yu et al.,
2019). Current regulations do not specifically target UFP, though evidence of health effects associated with UFP
exposures is growing (Tanrikulu et al., 2014).
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(Section 4), modeled changes to peak air pollution levels (Section 5), and a summary of key
findings (Section 6).

1.2 Analysis Methods

The analysis method applied for this assessment parallels that of prior studies on the effects of
natural gas appliances on outdoor PM, 5 and health for the U.S. (Dennison et al., 2021) and for

California (Zhu et al., 2020). This Bay Area assessment, however, applied a full-chemistry model
to estimate PM, 5 concentration increments, residential exposures, and health impacts.

For years, staff have been applying the U.S. EPA’s Community Multiscale Air Quality (CMAQ)
modeling platform to estimate regional ambient levels of PM, 5 in the Bay Area. The CMAQ model
includes detailed atmospheric chemical reactions to estimate ambient levels of particle
concentrations and other pollutants, such as ozone. Staff initially applied the CMAQ model to
simulate PM, 5 concentrations at a one kilometer (1-km) horizontal resolution over the entire Bay
Area for 2016 (Tanrikulu et al., 2019). This work supported the Air District’s activities under
Assembly Bill 617 (AB 617), providing assessments of PM, 5 concentrations in the West Oakland
AB 617 community. Subsequently, annual simulations were conducted for three years (2016—
2018) using updated emissions inventories and other model improvements. Results from these
simulations are being used to support the Air District’s ongoing AB 617 and rulemaking efforts.

For this assessment, staff employed the same modeling platform to complete a year-long CMAQ
simulation for 2018 and estimate PM, s-related air quality and health impacts from commercial
and residential space and water heating emissions. Meteorological inputs to the CMAQ modeling
were prepared using the Weather Research and Forecasting (WRF) model. The application and
performance of this model were documented by Tanrikulu et al., 2019.

This modeling analysis featured two annual simulations for 2018: (1) a baseline scenario that
included the Air District’s latest emissions estimates for all inventoried sources, and (2) a control
scenario that removed commercial and residential natural gas combustion emissions associated
with space heating and water heating equipment subject to the proposed rules. Differences
between these two simulations provided an estimate of the air quality impacts of these targeted
building appliances. Because the modeled impacts include post-2018 NOx emission reductions
associated with the current version of Rule 9-6, modeling results were adjusted so that the
control scenario is representative solely of emissions reductions resulting from full
implementation of the proposed updates to Rules 9-4 and 9-6, under the scenario that no zero-
NO, natural-gas fired appliances are developed. Should zero-NO, natural-gas fired appliances be
developed in response to the proposed rules, the rules would achieve the described reductions in
secondary PM, ;s but may or may not achieve the reductions ascribed to reductions in primary
PM, .

CMAQ simulations were analyzed to produce two main results: (1) an estimate of chemically
produced (secondary) PM, s impact from the targeted building appliances and (2) an estimate of
total PM, s impact from the targeted building appliances. The secondary PM, 5 consists of
ammonium nitrate (originating from NO, emissions), ammonium sulfate, and organic particles.
The contributions of oxides of sulfur (SO,) and reactive organic gases (ROG) to secondary PM, 5 in
this context are minimal because their emissions from the targeted building appliances are
relatively small. Changes in secondary PM, s level are therefore attributed to NO, emissions from
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the targeted building appliances. The estimated total PM, s impact includes impacts from both
the secondary PM, 5 and from primary PM, 5 directly emitted from the building appliances.

Using the U.S. EPA’s Environmental Benefits Mapping and Analysis Program — Community Edition
(BenMAP-CE), staff also estimated the health impacts of simulated PM, 5. BenMAP-CE received
inputs from the CMAQ control and baseline simulation results to estimate the health impacts
associated with the simulated changes in ambient pollutant levels. BenMAP-CE provides many
health impact functions to estimate health impacts of PM, s and ozone. This assessment focused
on estimating the health impacts of PM, s. The contribution of NO, emissions to ambient ozone
levels in this context is relatively small, and the health effects of small changes in ozone levels are
minimal. There are no known readily available methods or tools for estimating the health impacts
of NO,. BenMAP-CE was applied for changes in both secondary and total (secondary plus directly
emitted) PM, s levels. In addition to determining health impacts, BenMAP-CE was also used to
determine conventional health impact valuations, expressed in 2020 U.S. dollars.

1.3 Study Setting

Two nested domains were used in the CMAQ simulations. The outer domain covered the

Bay Area, San Joaquin Valley, and Sacramento Valley, as well as portions of the Pacific Ocean and
the Sierra Nevada Mountains at 4-km horizontal resolution. The inner domain covered the Bay
Area and surrounding regions at 1-km horizontal resolution, as shown in Figure 1.1. The outer
domain provided initial conditions and hourly boundary conditions to the 1-km inner domain.

Figure 1.1: The regional 1-km modeling domain used for CMAQ simulations.
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2. Emissions Inventory Preparation

Emissions inputs for the 2018 CMAQ simulations were prepared using the U.S. EPA’s Sparse
Matrix Operator Kernel Emissions (SMOKE) modeling system, which ingests annualized county- or
facility-level emissions data and performs several processing steps to convert the data to the
spatial, temporal, and chemical resolution required by CMAQ. The anthropogenic emissions data
used in SMOKE cover four main source sectors (point, area, on-road mobile, and off-road mobile)
and were assembled from a variety of data sources, as described below:

e Point (permitted stationary sources) — emissions data from the Air District’s California
Emission Inventory Development and Reporting System (CEIDARS), which is updated annually
and submitted to the California Air Resources Board (CARB).

e Area (non-permitted stationary sources) — emissions data from CARB’s California Emission
Projection and Analysis Model (CEPAM). Specifically, county-level emissions for 2018 were
downloaded from the CEPAM 2016 State Implementation Plan (SIP) Inventory, version 1.05.

e On-road mobile sources — emissions data by county and month were developed using
outputs from CARB’s Emission FACtor 2017 (EMFAC2017) model, which reports emissions by
vehicle type and emissions process (e.g., idling, running exhaust, brake wear, tire wear).

e Off-road mobile sources — county-level emissions data from the CEPAM 2016 SIP Inventory,
version 1.05 (same as area sources).

Commercial and residential natural gas combustion sources covered by Rules 9-4 and 9-6 are
included in the area source portion of the inventory, and staff have recently prepared updated
emission estimates for those sources. These estimates were based on natural gas consumption
data from the California Energy Commission (CEC; California Energy Commission, 2019), which
are reported by county and end use (e.g., industrial, commercial, and residential). For industrial
and commercial sources, these data are reconciled against the Air District’s point source
inventory to avoid double-counting, and the fraction of natural gas consumption not covered by
the point source inventory is assigned to the area source inventory. Emission factors that
represent the mass of a pollutant released per million standard cubic feet (mscf) of natural gas
burned were then applied to the activity data to develop county-level emissions estimates. These
emission estimates were then disaggregated to subsectors (space heating, water heating, other)
based on information from the Pacific Gas and Electricity (PG&E) Company (Dickerson, 2003).
Additional details on emission estimation methods are provided in Appendix A.1.

Table 2.1 summarizes emissions from area-source commercial and residential natural gas-fired
appliances in the Bay Area for the 2018 baseline scenario.> These area source emissions are
categorized by CARB-assigned emission inventory codes (EIC). They do not include emissions from
larger appliances that require registration or permits from the Air District.

5 Natural gas combustion emissions represent the Air District’s latest estimates for residential (2019) and commercial
(2017) sources. These estimates were considered representative of 2018 conditions for modeling purposes.
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Emissions values shown in bold font in Table 2.1 are covered by the proposed rule amendments.
It is estimated that these amendments would reduce baseline NO, emissions by 3,690 tons per
year (ton/yr) and baseline PM2.5 emissions by 458 ton/yr. Note that baseline NO, emission levels
are also impacted by the existing form of Rule 9-6, which, when fully implemented, is anticipated
to reduce NO, emissions from commercial and residential water heating by 235 tpy and 341 tpy,
respectively (see Table 2.1). As a result, NO, emissions from targeted appliances will be reduced
by 4,267 ton/yr relative to the 2018 baseline scenario, representing a reduction of about 6% of
total annual NO, emissions in the Bay Area (69,740 ton/yr) as shown in Figure 2.1. However, for
the air quality and health impacts analyses described in this report, only the portion of the NO,
reduction attributable to the proposed rule amendments are evaluated. This reduction of 3,690
ton/yr represents a 5.3% decrease in total annual NO, emissions in the Bay Area.

If electric appliances are adopted to meet the zero-NO, requirement, PM, 5 emissions from
targeted appliances will be reduced by 458 ton/yr, which represents a reduction of about 4% of
total PM, s emissions in the Bay Area (12,530 ton/yr). Similarly, if electric appliances are adopted,
other pollutants (in addition to NO, and PM, 5) shown in bold in Table 2.1 will be reduced as well.
For pollutants other than NO,, emissions reductions are entirely associated with the proposed
rule amendments (under the assumption of electric appliances) rather than the existing forms of
Rules 9-4 and 9-6. Appendix A.1 provides emissions estimates for more pollutants and from all
sources of natural gas combustion in the Bay Area.

Table 2.1: Bay Area emissions (2018) from area-source building appliances. Emissions targeted by
proposed amendments to Rules 9-4 and 9-6 are shown in bold font. Baseline emissions estimated to be
addressed by existing Rule 9-6 are shown in italicized font.

Emission L. Annual Emissions (ton/yr)
Description

Inventory Codes NO, PM, s SO, ROG co

060-020-0110-0000 | Commercial — space heating 553 45 4 29 238

060-030-0110-0000 | Commercial — water heating 240 55 4 35 291
610-606-0110-0000 | Residential — space heating 2,410 197 16 125 1,037

610-608-0110-0000 | Residential — water heating 487 161 13 103 847
Total — targeted emissions? 3,690 458 36 292 2,413

Commercial — water heating

060-030-0110-0000 (covered by existing Rule 9-6) 235 B N N B
Residential — water heating

610-608-0110-0000 (covered by existing Rule 9-6) 341 N N N N

060-995-0110-0000 | Commercial — other 553 45 4 29 238

610-610-0110-0000 | Residential — cooking 214 17 1 11 92

610-995-0110-0000 | Residential — other 193 16 1 10 83
Totall—other area source 960 78 6 50 413
appliances?

2 Totals may not match the column summation due to rounding. Values rounded to nearest ton per year.
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Figure 2.1. The pie chart (left) shows source contributions to total 2018 NO, emissions in the Bay Area. The
bar chart (right) shows NO, emissions associated with targeted appliances.

Maps of NO, emissions for the baseline scenario and the difference between the control and
baseline scenarios are shown in Figure 2.2. The difference map (right panel) plots NO, emissions
from commercial and residential space and water heating appliances covered by proposed
amendments to Rules 9-4 and 9-6.

The largest decrease in NO, emissions (more than 10 tons per year per 1-km grid square, ton/yr-
km?) is in downtown areas of San Francisco and Oakland, surrounded by areas with a decrease
between 6 ton/yr-km? and 10 ton/yr-km? (right panel). Areas with a decrease between 1 ton/yr-
km? and 6 ton/yr-km? are seen over most of the rest of the San Francisco Peninsula and along a
corridor from Richmond/San Pablo to San Leandro, following the Interstate 580 and 80 corridors
in the north and the Interstate 880 corridor in the south. Areas with a similar decrease are also
seen from the San Francisco Airport to San José, following the Interstate 101 corridor. Most other
residential areas of the Bay Area show a decrease between 0.2 ton/yr-km? and 1 ton/yr-km?2. Grid
squares with a decrease in NO, emissions less than 0.2 ton/yr-km? are not shown.
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Figure 2.2: NO, emissions for 2018 baseline scenario (left) and reductions in NO, emissions (control —
baseline) from targeted building appliances with full implementation of proposed rule amendments
(right).

Maps of PM, s emissions for the baseline scenario and the difference between the control and
baseline scenarios are shown in Figure 2.3. The difference map (right panel) plots PM, 5 emissions
from commercial and residential space and water heating appliances covered by proposed
amendments to Rules 9-4 and 9-6.

The largest decrease in PM, 5 emissions (more than 1.0 ton/yr-km?) is in downtown San Francisco,
surrounded by areas with a decrease between 0.6 ton/yr-km? and 1.0 ton/yr-km? (right panel). A
decrease between 0.6 ton/yr-km? and 1.0 ton/yr-km? is also in downtown Oakland. A decrease
between 0.3 ton/yr-km? and 0.6 ton/yr-km? is in El Cerrito, downtown San José and at several
small towns between the San Francisco Airport and San José, mostly in the vicinity of Interstate
101. A decrease between 0.1 ton/yr-km? and 0.3 ton/yr-km? is seen at residential areas along
many freeways in other parts of the Bay Area, in a pattern similar to the one for NO, emissions.
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Figure 2.3: PM, s emissions for 2018 baseline scenario (left) and reductions in PM, 5 emissions (control —
baseline) from targeted building appliances with full implementation of proposed rule amendments
(right).

3. Simulations

As noted in Section 1, results from CMAQ modeling simulations conducted for the year 2018
were used to develop a control scenario that estimated the benefits of proposed amendments to
Rules 9-4 and 9-6, which would reduce commercial and residential natural gas combustion
emissions from space and water heating appliances.

The CMAQ model provides hourly average concentrations, which were used to estimate annual
average concentrations. In the next subsections, we briefly discuss the formation of secondary
PM, 5 (Section 3.1), Bay Area annual average concentrations, and the contributions of commercial
and residential natural gas combustion emissions to ambient NO, and PM, 5 levels (Sections 3.2
and 3.3, respectively).

3.1 Formation of Secondary PM, 5

PM, 5 consists of two major components: primary and secondary. Primary PM, s is directly
emitted to the atmosphere, while secondary PM, 5 is a byproduct of chemical reactions of
gaseous pollutants such as NO, and ammonia (NHs) in the atmosphere.

NO, emitted from commercial and residential natural gas combustion, along with NO, emitted
from other sources, contributes to the formation of ammonium nitrate (NH,;NOs). To form
ammonium nitrate, oxides of nitrogen go through an atmospheric oxidation cycle several times,
become aged NO,, and then convert to nitric acid. Nitric acid is a relatively heavy and sticky gas,
one that remains near the ground and can combine with ammonia, forming ammonium nitrate.
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Conversion of NO, to nitric acid is a time-consuming process and can take 2 hours to 10 hours in
the Bay Area, largely depending on the rate of atmospheric oxidation processes. During this time,
oxides of nitrogen diffuse and disperse in the atmosphere and travel away from the original
emission sources.

In the Bay Area, key sources of ammonia emissions include agricultural operations, gas-powered
automobiles, domestic sources (e.g., household products and pet waste), and some industrial
facilities. Ammonia emitted from these sources also diffuses, disperses, and travels in the
atmosphere, encountering nitric acid in some locations, depending upon meteorological
conditions. As a result, the formation of secondary PM, 5 depends on both time and location (i.e.,
higher levels can occur at locations away from the sources).

Ammonium nitrate can exist in particulate or gaseous form depending on the ambient
temperature. For example, at 60 degrees Fahrenheit, ammonium nitrate can be roughly equally
divided between particulate (secondary PM, s) and gaseous forms under most Bay Area
conditions. As the temperature decreases, the percentage in particulate form increases, and the
opposite happens as the temperature increases. Because of this property of ammonium nitrate,
even though the atmospheric oxidation cycle is slow during winter months, production of
ammonium nitrate in particulate form can be higher than in the summer.

SO, and ROG emissions from the applicable commercial and residential space and water heating
appliances also contribute to secondary PM, 5, as ammonium sulfate and secondary organic
aerosols, respectively. Their contribution is included in the model output but is much smaller
than the contribution from NO, emissions, and not provided separately by the model.

3.2 Simulated NO, Concentrations

In this section, we present Bay Area maps of simulated annual average NO, concentrations
(baseline) and the difference between the control scenario and the baseline scenario, as shown in
Figure 3.1. The baseline scenario (left panel) includes emissions from all inventoried sources. The
control scenario (not shown) eliminates emissions from applicable commercial and residential
space and water heating appliances. The difference between the two scenarios (right panel)
shows NO, contributions attributed to emissions from the targeted building appliances.

For the baseline scenario, the highest annual average NO, concentrations (over 20 parts per
billion, ppb) are evident in downtown San Francisco and downtown Oakland, along the Bay
Bridge, and at the San Francisco, Oakland, and San José airports, as shown in Figure 3.1 (left
panel). Concentrations between 14 ppb and 20 ppb are found mostly in the areas surrounding
those with concentrations above 20 ppb. Concentrations between 8 ppb and 14 ppb cover an
area from the Interstate 101 corridor in the west to the Interstate 880 corridor in the east and
from the San Mateo-Hayward Bridge in the north to San José in the south. Similar NO,
concentrations are also evident along the Delta and portions of the Interstate 680 corridor.

In the difference plot, annual average NO, increments over 1.0 ppb from commercial and
residential space and water heating emissions are evident in San Francisco, Oakland, Berkeley,
El Cerrito, Fremont, and San José, and along the corridor between San Mateo and to San José
(Figure 3.1, right panel). Increments between 0.5 ppb and 1.0 ppb are mostly found in areas
surrounding those with increments above 1.0 ppb. Increments between 0.3 ppb and 0.5 ppb are
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seen in the residential areas surrounding major freeways of the Bay Area, as well as over the
towns of Napa and Brentwood.

Figure 3.1: Simulated annual average NO, concentrations for the baseline scenario (left) and the difference
between the control and baseline scenarios (right). The difference between the two scenarios (control —
base) shows the NO, contribution from building appliances covered by proposed rule amendments.

3.3 Simulated PM, s Concentrations

In this section, we present maps of annual average PM, s concentrations for the baseline scenario
(Figure 3.2) and the difference between the control and baseline scenarios (Figure 3.3). The
differences shown between the control and baseline scenarios reflect PM, 5 contributions
attributed to commercial and residential space and water heating emissions covered by proposed
amendments to Rules 9-4 and 9-6. Note that the existing form of Rule 9-6 would reduce 2018 NO,
emissions from commercial and residential water heating when fully implemented; however, in
the treatment of modeling results, the control case reflects pollutant concentration differences
associated with the proposed amendments only, as discussed in Appendix A.1. For PM, s, these
differences are presented in two parts: (1) secondary PM, 5 contributions from applicable
commercial and residential space and water heating emissions, and (2) total PM, 5 contributions
from these emissions.

Baseline PM, 5 Simulation

Figure 3.2 shows annual average PM, s concentrations for the simulated baseline scenario. In the
Bay Area, annual average PM, s concentrations over 12 pg/m?3 are evident in San José and east of
Martinez. The same concentration level is also found in relatively small areas in Oakland,
Richmond, Mountain View, and Livermore. Concentrations between 9 pg/m3 and 12 ug/m3 are
mostly seen in the areas surrounding those with concentrations above 12 ug/m?3 and along major
freeways from Oakland to Gilroy and from San José to Mountain View.
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Annual average simulated PM, s concentrations were compared against observations and model
performance was evaluated (Koo et al., 2022). Simulated annual average PM, s concentrations
were generally within ten percent of the annual average observations at most Bay Area air
monitoring locations. The model tends to slightly overestimate PM, 5 in the South Bay (e.g., San
José) and underestimate in the North Bay (e.g., Napa).

Figure 3.2: Simulated annual average PM, ;s concentrations for the baseline scenario.

Difference in PM, s Between Control and Baseline Scenarios

Figure 3.3 shows secondary and total annual average PM, s contributions from applicable
commercial and residential space and water heating appliances. Secondary PM, s contributions
are the highest (between 0.15 pg/m?3 and 0.18 ug/m3) over San José, coinciding with areas where
the highest NO, reductions occur in this region (Figure 3.3, left panel). Contributions between
0.12 pg/m3 and 0.15 pg/m?3 are seen over the entire metropolitan San José region, surrounding
the highest reduction areas, and over relatively small areas in downtown San Francisco and
downtown Oakland. Contributions between 0.09 pg/m3 and 0.12 pg/m3 extend from Oakland to
Gilroy and from San Mateo to San José following the Interstate 880 and 101 corridors.
Comparable contributions also extend from San Ramon to Livermore following the Interstate 680
and 580 corridors, respectively. Contributions between 0.04 pug/m3 and 0.09 pg/m?3 extend over
much of the residential areas of the Bay Area and beyond. This wide area of contributions is due
to diffusion and dispersion of pollutants in the atmosphere while forming secondary PM, s.

Note that while the areal distribution of secondary PM, s matches well with the areal distribution
of ambient NO, reductions (Figure 3.1, right panel) from commercial and residential space and
water heating emissions in San José, it does not match in San Francisco and Oakland. This is
because San Francisco and Oakland are relatively windy, especially during summer months,
compared to San José and, as a result, experience less secondary PM, s.
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Total annual average PM, 5 contributions from applicable commercial and residential space and
water heating appliances exceed 0.30 pg/m? in San Francisco and Oakland (Figure 3.3, right
panel). Contributions between 0.21 pg/m3 and 0.30 pug/m?3 are seen in areas surrounding those
with contributions above 0.30 pg/m3. Contributions between 0.09 pug/m? and 0.21 pg/m3 cover
residential areas along the major freeways of the Bay Area from Richmond/San Pablo to Gilroy,
from San José to San Francisco, and from Concord to Livermore. The same total PM, 5
contribution level is found over Napa, Santa Rosa, and Brentwood. In the rest of the Bay Area,
contributions are less than 0.09 pg/m3.

Figure 3.3: Simulated reductions in annual average ambient secondary (left) and total (right) PM, 5
concentrations with controlled emissions from building appliances covered by proposed amendments to
Rules 9-4 and 9-6. The maximum difference in total PM, s is -0.42 pg/m3 near downtown San Francisco.

4. Health Impacts of PM, ¢

BenMAP-CE version 1.5.8.11 (EPA, 2021) was used to evaluate the health impacts of PM, 5 from
emissions of targeted building appliances. BenMAP-CE was designed to estimate changes in
human health due to changes in ambient air quality for specific populations and to estimate
conventional valuations of these impacts (in 2020 U.S. dollars). The valuation process considers
the direct and indirect costs of illnesses and the willingness to pay (WTP) to avoid premature
death. Direct costs include actual medical costs and lost worker hours, while indirect costs reflect
WTP to avoid pain and suffering. Additional information on the BenMAP-CE computer program is
provided in Appendix A.2 and A.3.

Changes in air quality evaluated in BenMAP-CE were the differences in secondary and total PM, 5
levels with and without emissions contributed by targeted building appliances at 1-km grid
resolution over the entire Bay Area (left and right panels of Figure 3.3, respectively). In other
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words, health impacts were estimated for secondary and total PM, 5 contributions due to
emissions from these sources.

4.1 Preparation of Population Data

In addition to information about air pollutants contributions, BenMAP-CE requires population
data to be grouped in a specific way to apply the available health impact functions. Using
modules accompanying BenMAP-CE, we regrouped age and race/ethnicity classifications in the
2010 U.S. Census Bureau’s population data for 2010 (the most recent comprehensive U.S. Census
data available supported by BenMAP-CE) and estimated the grouped population in each 1-km
grid square of the modeling domain. We then used BenMAP-CE to project the 2010 gridded
population to 2020. Figure 4.1 shows a map of the gridded residential population for the Bay
Area in 2020 used in this assessment. Even though BenMAP-CE estimates PM, s-related health
impacts for each group, for the purposes of this evaluation, we focused on health impacts for the
general population. Appendix A.2 provides additional information about the population groups
used in BenMAP-CE.

Downtown San Francisco is the most densely populated area (over 10,000 people per 1-km grid
square) of the Bay Area (Figure 4.1). Areas with populations between 8,000 and 10,000 people
per 1-km grid square are located mostly in areas surrounding those with more than 10,000
people per 1-km grid square and at some grid cells in downtown Richmond, El Cerrito, Oakland,
and San José. Areas with populations between 4,000 and 8,000 people per 1-km grid square are
located in residential areas surrounding Interstates 80, 580, and 880, as well as a portion of
Interstate 101. In other residential areas, there are fewer than 4,000 people per 1-km grid
square.

Figure 4.2 shows residential population exposure to secondary PM, 5 concentrations (left panel)
and total PM, 5 concentrations (right panel) attributed to emissions from applicable commercial
and residential space and water heating appliances. Residential exposures were estimated by
multiplying residential population in each grid cell by the simulated annual average PM, s
concentration of that cell. Mapping the estimated exposure brings those areas with relatively
smaller population but elevated PM, 5 levels to the forefront. Similarly, it also highlights those
areas that are densely populated but have relatively lower PM, s levels.

The effect of population weighting can be seen in Figure 4.2. The grid cell population itself is the
highest in downtown San Francisco. However, the exposure to total PM, s is the highest in San
Francisco, Oakland, Berkeley, San José, and several areas surrounding the Interstate 880 and 101
corridors. Outside of San Francisco, these relatively less densely populated areas are also
highlighted in the exposure maps.
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Figure 4.1: The 2020 population of CMAQ 1-km grids as projected by BenMAP-CE.

Figure 4.2: Simulated residential exposures to secondary PM, s (left panel) and total PM, 5 (right panel)
from natural gas combustion emissions of building appliances covered by proposed amendments to Rules
9-4 and 9-6.
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4.2 Application of BenMAP-CE

Staff downloaded the U.S. EPA’s latest released version of BenMAP-CE (EPA, 2021) and added
three health impact functions to the U.S. EPA-recommended set of health impacts functions
available in BenMAP-CE to ensure that the premature mortality endpoint in the Bay Area was
evaluated rigorously. Two of the added functions are based on California-wide and nationwide
analyses of a 19802000 cohort (Jerrett et al., 2013). The third added function is a meta-analysis
summarizing 53 single studies, 17 of which have been published since 2015 (Vodonos et al.,
2018).

Staff ran BenMAP-CE and aggregated its 1-km grid results to the Air District’s jurisdiction. The
aggregated results (Tables 4.1 and 4.2) show that reductions in secondary and total PM, 5
concentrations would reduce incidence of premature mortality within the Air District’s
jurisdiction by 23 to 52 cases and by 37 to 85 cases per year, respectively. The ranges reflect
different epidemiological studies. The valuations® assigned to these are 230 to 530 million U.S.
dollars and from 380 to 870 million U.S. dollars, respectively. Among the set of health impacts
evaluated, avoided mortality accounts for about 95% of the total valuation of reduced total PM, 5
levels.

The other health impacts in the EPA’s recommended BenMAP-CE configuration include selected
chronic/severe illnesses, hospital admissions/emergency room visits due to respiratory and
cardiovascular diseases, selected minor health effects, and asthma-related effects. The health
impacts evaluated showed decreased annual incidence as a result of reductions in PM, s levels
with elimination of emissions from applicable commercial and residential space and water
heating appliances. For example, for non-fatal acute myocardial infarction (heart attack), 2.6 to
24 non-fatal heart attacks would have been prevented 2020 with the modeled reductions in
secondary PM, 5 and 4.2 to 39 non-fatal heart attacks would be prevented with the modeled
reductions in total PM, ;. (Again, the ranges reflect different epidemiological studies.) The
associated valuations are estimated to be 0.23 to 2.1 million U.S. dollars and 0.38 to 3.5 million
U.S. dollars, respectively. Another example is the benefit of 4,100 and 6,700 fewer lost days of
work, valued at 1.1 million U.S. dollars and 1.8 million U.S. dollars, respectively.

6 Valuations are not identical to cost savings. Some valuations are based on cost savings, but the most highly valued
component (mortality) is based on an estimate of willingness to pay (WTP).
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Table 4.1: Estimated health impacts avoided with decreased PM, s from elimination of emissions from
applicable commercial and residential space and water heating appliances in the Bay Area.

Health Impact® Avoided Incidence, Per Year
Secondary PM, 5 Total PM, ¢
Premature mortality
All causes® 23-52 37-85
Chronic/severe illness
Non-fatal acute myocardial infarction 2.6-24 4.2-39
(heart attack)
Hospital admission, neurological® 7.7 13
Incidence, out of hospital cardiac arrest 0.45 0.73
Incidence, stroke 1.5 2.4
Incidence, lung cancer 1.9 3.1
Hospital admissions®
Respiratory® 24 3.9
Cardiovascularf 3.0 4.9
ER visits
Respiratorys 13 20
Cardiovascular® 6.2 10
Other effects
Restricted activity days 24,000 39,000
Work loss days 4,100 6,700
Hay fever/allergic rhinitis 440 710
Asthma-related effects
Asthma symptoms/albuterol use 9,200 15,000
Onset of asthma 71 110

@ Each health impact is associated with one or more unique International Classification of Diseases-9-Clinical
Modification (ICD-9-CM) code(s) (Medicode, 1996).

bIncludes all ICD-9 codes.

¢ First hospital admission (cause-specific, to indicate onset of the chronic disease) for dementia, Alzheimer’s disease,
or Parkinson’s disease (ICD-9 codes 290, 331.0, or 332, respectively), and other neurological morbidities.

4 Hospital admissions due to acute exposure to air pollution are assumed to pass through the emergency room;
however, the calculated value of hospital admissions does not account for the cost incurred in the emergency
room visit. This strategy avoids double-counting.

¢ Includes all respiratory diseases (ICD-9 codes 460-519).

fIncludes cardio-, cerebro-, and peripheral vascular diseases (ICD-9 codes 410, omitting 410.x2; 410-414; 426-427;
428; 429; 430-438; 440-448).

8 Includes respiratory diseases (ICD-9 codes 480-486, 491, 492, 496, 460-465, 466, 477, 493, 786.07).

P Includes all cardiac outcomes (ICD-9 codes 390-549).
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Table 4.2: Valuations of avoided health impacts with decreased PM, 5 from elimination of emissions
from applicable commercial and residential space and water heating appliances in the Bay Area.

Total Valuation in 2020 U.S. Dollars,
Health Impact? Million Dollars Per Year
Secondary PM, 5 Total PM,
Premature mortality
All causes® 230-530 380-870
Chronic/severe illness
Non-fatal acute myocardial infarction 0.23-2.1 0.38-3.5
(heart attack)

Hospital admission, neurological® 0.11 0.19
Incidence, out of hospital cardiac arrest 0.019 0.03
Incidence, stroke 0.059 0.096
Incidence, lung cancer 0.056 0.091
Hospital admissions®
Respiratory® 0.028 0.045
Cardiovascularf 0.055 0.090
ER visits
Respiratory® 0.013 0.021
Cardiovascular” 0.0084 0.014
Other effects
Restricted activity days 1.9 3.2
Work loss days 1.1 1.8
Hay fever/allergic rhinitis 0.31 0.52
Asthma-related effects
Asthma symptoms/albuterol use 0.0037 0.0059
Onset of asthma 3.6 5.8
Sum
All health impacts included 240-540 400-890

3 Each health impact is associated with one or more unique International Classification of Diseases-9-Clinical
Modification (ICD-9-CM) code(s) (Medicode, 1996).

bIncludes all ICD-9 codes.

¢ First hospital admission (cause-specific, to indicate onset of the chronic disease) for dementia, Alzheimer’s
disease, or Parkinson’s disease (ICD-9 codes 290, 331.0, or 332, respectively), and other neurological

morbidities.

4 Hospital admissions due to acute exposure to air pollution are assumed to pass through the emergency room;
however, the calculated value of hospital admissions does not account for the cost incurred in the emergency
room visit. This strategy avoids double-counting.

e Includes all respiratory diseases (ICD-9 codes 460-519).

fIncludes cardio-, cerebro-, and peripheral vascular diseases (ICD-9 codes 410, omitting 410.x2; 410-414; 426-427;
428; 429; 430-438; 440-448).

& Includes respiratory diseases (ICD-9 codes 480-486, 491, 492, 496, 460-465, 466, 477, 493, 786.07).

P Includes all cardiac outcomes (ICD-9 codes 390-549).
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5. Simulated Changes in 24-hour PM, ; and 8-hour Ozone Levels

In addition to evaluating air quality and health impacts of annual average PM, s, in this
assessment staff also examined modeled changes to levels of 24-hour-average PM, s and 8-
hour-average ozone at air quality monitoring stations. These quantities are relevant to
determining compliance with state and federal ambient air quality standards.” While this
assessment did not include a formal modeling attainment demonstration for these pollutants
(for example as described by EPA guidance, EPA 2018), it did examine how peak levels are
influenced by reduction in emissions from commercial and residential space and water heating
emissions, providing insights into how proposed amendments to Rules 9-4 and 9-6 might
influence achieving and maintaining state and federal ambient air quality standards should the
proposed rules be fully implemented. 8

To assess the effects that the elimination of NO, and PM, 5 emissions from modeled appliances
might have on the likelihoods of short-term PM, s and/or ozone exceedances, we analyzed
modeled differences on high-PM, 5 and high-ozone days. Specifically, we extracted modeled
predictions from monitored locations on dates when observations indicated a 24-hour average
of at least 30 pg/m?3 for PM, s or an 8-hour average of at least 65 ppb for ozone at that location
on that date (Tables 5.1 and 5.2). For 24-hour PM, s, using this subset of the data, the mean
difference between this scenario and the baseline scenario was -0.68 pg/m3, and the control
scenario was lower than the baseline scenario in all cases (Figure 5.1). The level of 8-hour ozone
was sometimes higher in the control scenario, but there was an overall decrease of -0.021 ppb
on average (Figure 5.2).

7 For PM, 5, the metric is determined using the 98th percentile of measurements, averaged over 3 years. For ozone,
the metric is determined using the annual, fourth-highest daily maximum 8-hour measured concentration, also
averaged over 3 years.

8 For context, the current federal standard for 24-hour PM, 5 is 35 pug/m3 and the federal standard for 8-hour
ozone is 70 ppb. For PM, 5, the metric is determined using the 98th percentile of measurements, averaged over 3
years. For ozone, the metric is determined using the annual, fourth-highest daily maximum 8-hour measured
concentration, also averaged over 3 years.
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Modeled
Date Site Observed Baseline Control Difference
2018-01-04 Concord 53.3 38.92 38.55 -0.376
2018-01-03 Concord 52.0 41.10 40.82 -0.280
2018-01-03 Vallejo 48.0 15.66 15.58 -0.081
2018-01-01 SJ Knox 45.0 33.93 32.63 -1.297
2018-01-03 San Rafael 44.3 22.89 22.69 -0.207
2018-01-03 San Francisco 39.5 24.74 23.96 -0.785
2018-01-03 Livermore 39.0 36.67 36.17 -0.497
2018-01-03 Laney College 38.2 33.18 32.53 -0.658
2018-01-01 SJ Jackson 38.0 32.47 31.44 -1.026
2018-01-03 San Pablo 36.6 19.06 18.84 -0.223
2018-01-02 SJ Knox 36.2 59.99 57.23 -2.754
2018-01-03 Oakland West 35.6 30.75 29.97 -0.782
2018-01-04 Vallejo 34.2 18.49 18.35 -0.142
2018-01-02 SJ Jackson 33.2 63.85 61.46 -2.385
2018-01-02 Oakland West 33.0 26.14 25.70 -0.439
2018-01-02 Concord 324 27.86 27.62 -0.237
2018-01-04 San Pablo 32.2 21.93 21.41 -0.521
2018-01-02 Laney College 31.9 31.09 30.57 -0.522
2018-01-03 Berkeley AP 31.9 25.04 24.57 -0.474
2018-01-14 San Rafael 31.0 20.32 20.00 -0.319
2018-01-15 San Rafael 31.0 7.92 7.87 -0.056
2018-01-03 Oakland 30.4 20.59 20.15 -0.443
2018-12-09 San Francisco 30.3 34.90 33.57 -1.334
2018-01-03 Napa 30.2 11.54 11.18 -0.362
December 2022

Table 5.1: Pairwise comparison of modeled baseline versus control when and where observed 24-hour
PM, s concentrations were at least 30 ug/m3. The mean difference is -0.68 pg/m3.
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Modeled
Date Site Observed Baseline Control Difference
2018-08-09 San Martin 80 78.70 78.64 -0.062
2018-08-09 Livermore 78 74.12 74.21 +0.093
2018-08-09 Bethel Island 78 59.94 59.75 -0.197
2018-08-18 Livermore 76 58.94 58.76 -0.180
2018-08-09 San Ramon 76 71.45 71.63 +0.180
2018-08-18 San Ramon 72 53.13 53.12 -0.005
2018-08-03 Livermore 71 63.75 63.53 -0.221
2018-06-22 Livermore 69 67.66 67.37 -0.292
2018-08-08 Livermore 69 57.68 57.57 -0.104
2018-09-21 Bethel Island 68 51.84 51.93 +0.088
2018-10-19 Napa 68 46.90 46.82 -0.082
2018-10-20 Bethel Island 67 62.23 62.26 +0.025
2018-08-09 Los Gatos 67 63.35 64.32 +0.975
2018-08-03 San Martin 67 62.18 62.19 +0.012
2018-09-20 Napa 66 44.62 44.78 +0.162
2018-06-02 San Martin 66 65.77 64.65 -1.113
2018-10-19 San Martin 66 52.03 52.43 +0.402
2018-09-20 Fairfield 66 53.93 53.87 -0.058
December 2022

Table 5.2: Pairwise comparison of modeled baseline versus control when and where observed 8-hour
ozone concentrations were at least 65 ppb. The mean difference is -0.021 ppb.
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Figure 5.1: Differences between modeled baseline vs. control when and where observed 24-hr PM, 5
concentrations were at least 30 pg/m?3. The mean difference is -0.68 pug/m?3.
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Figure 5.2: Differences between modeled baseline vs. control when and where observed 8-hr ozone
concentrations were at least 65 ppb. The mean difference is -0.021 ppb.

When assessing modeled differences for all modeled dates, rather than just “high
concentration” dates, the mean difference for PM, s at monitored locations was -0.30 pug/m?3,
with a pairwise bootstrapped 95% confidence interval of (-0.32, -0.29) ug/m3, based on 16
dates modeled (n = 62) at 17 sites (p = 17).

6. Summary and Key Findings

Staff evaluated ambient air quality and health impacts from commercial and residential space
and water heating emissions as supplemental information to support proposed amendments to
Air District Rules 9-4 and 9-6, which limit NO, emissions from natural gas-fired furnaces, water
heaters, and boilers.

Using the CMAQ model, staff estimated ambient NO, levels from the appliances covered by the
proposed rule amendments, as well as the levels of particles and ozone caused by NO,. Using
the BenMAP-CE model, staff also estimated the health impacts of simulated fine particulate
matter and the associated valuations of those impacts in U.S. dollars.

This modeling-based assessment featured results from CMAQ simulations conducted for the
year 2018, which were used to develop a control scenario that estimated the benefits of
proposed rule amendments that would reduce emissions from commercial and residential
natural gas combustion emissions associated with space heating and water heating.
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The methodological approach developed for this project was carefully evaluated. Options were
weighed and discussed among the modeling team, and the strategy that was anticipated to
provide the best modeling results was adopted. In addition, consideration was given to
providing results that would support the needs of anticipated end users.

The key findings of this assessment are listed below:

NO, emissions from the targeted building appliances caused production of secondary
PM, s across most residential areas of the Bay Area with an annual average contribution
between 0.04 pg/m3and 0.18 pg/m3, resulting in an estimated 23 to 52 deaths per year
(Table 4.1).

Emissions from the targeted building appliances produce increments of total PM, 5
across most residential areas of the Bay Area, with an annual average contribution
between 0.10 pg/m3and 0.42 pg/m3, resulting in an estimated 37 to 85 premature
deaths per year (Table 4.1).

The valuations of the health impacts from secondary PM, s were estimated to be
between 240 to 540 million U.S. dollars annually (Table 4.2).

The valuations of the health impacts from total PM, 5 were estimated to be between
400 to 890 million U.S. dollars annually (Table 4.2).

For the modeled control scenario at monitored locations on dates when observations
indicated 24-hour PM, 5 was at least 30 ug/m3, the mean modeled decrease in 24-hour
PM, s was -0.68 ug/m?3 (Figure 5.1).

For the modeled control scenario at monitored locations on dates when observations
indicated 8-hour ozone was at least 65 ppb, the mean modeled decrease in 8-hour
ozone was -0.021 pug/m?3 with overall results indicating no significant change in ozone.
(Figure 5.2).
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Appendix A

A.l Bay Area Natural Gas Emissions

Modeled emissions estimates for natural gas combustion were based on residential and non-
residential natural gas consumption data for the Bay Area obtained from the California Energy
Commission (CEC, 2019). The consumption data were provided by county in units of therms and
converted to units of cubic feet using natural gas heat content values. For residential usage,
natural gas consumption data for 2019 were further divided into four emissions inventory
categories: space heating, water heating, cooking, and other (e.g., appliances such as pool
water heating, spa and hot tub heating, clothes dryers, and barbeque grills). This categorization
was based on information from CEC, 2019 and the Pacific Gas and Electric Company (PG&E) by
Dickerson, 2003.

For commercial and industrial sources, CEC end-use consumption data by sector was used to
apportion non-residential natural gas usage (excluding power generation consumption) for
Bay Area counties into commercial and industrial usage. The resulting estimates represent
natural gas consumption for permitted (or “point”) sources and non-permitted (or “area”
sources such as small-scale shops and businesses. To avoid double-counting, facilities in the Air
District’s point source inventory that use natural gas were assigned to commercial or industrial
categories using each facility’s Standard Industrial Classification (SIC) code. In addition,
commercial and industrial natural gas throughputs reported by the point sources were
subtracted from the total throughput for those sectors to generate area source consumption
values. For commercial area sources, natural gas consumption was further split by application
(space heating, water heating, and other) using information from PG&E (Dickerson, 2003).

Once natural gas consumption data were categorized and reconciled, emission factors that
represent the mass (Ib) of a pollutant released per million standard cubic feet (mscf) of natural
gas burned were applied to develop county-level emissions estimates. In general, emission
factors were taken from EPA’s AP-42 Compilation of Emission Factors.® For NO,, a base emission
factor of 93 Ib/mscf, or 40 nanograms per joule (ng/joule) was used, which is the pre-2009 NO,
emission limit established by the current version of Rule 9-6 and is also consistent with AP-42.

Beginning in 2009, the current Rule 9-6 requires residential water heaters to meet a 10 ng/joule
limit (or 23 Ib/mscf), which is achieved over time as the appliance fleet turns over. Assuming a
turnover of 7.7% per year resulting from a 13-year water heater lifespan (Elwell, 2022), the
effective NO, emission factor in 2018 was calculated to be 39 Ib/mscf, as shown in Table Al.
Similarly, the current version of Rule 9-6 requires commercial water heaters to meet a 14
ng/joule (33 Ib/mscf) NO, emission limit starting in 2013. Applying the same turnover rate
yields an effective NO, emission factor of 65 Ib/mscf in 2018 (see Table Al). Given the assumed
fleet turnover, the current version of Rule 9-6 for water heaters was estimated to reach full
implementation in 2021 for residential heaters and in 2025 for commercial heaters. For space
heaters, Bay Area appliances were estimated to meet the 40 ng/joule NO, emission

9 https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-fifth-edition-volume-i-chapter-1-external-0
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requirement of the current Rule 9-4 in 2018. This estimation was based on an assumed 18-year
lifespan for space heating equipment (Elwell, 2022).

Table Al: Natural gas combustion emission factors (Ib/mscf).

Emission Factors (Ib/mscf)
co NO, SO, TOG ROG PMiy | PMys
060-030-0110-0000 | Commercial — water heating [ 40 652 0.6 11 4.8 7.6 7.6
610-608-0110-0000 | Residential — water heating 40 39 0.6 11 4.8 7.6 7.6
-- All other appliances 40 93 0.6 11 4.8 7.6 7.6

EIC Description

2 For water heaters, NO, emission factors reflect the impact of the current version of Rule 9-6 in 2018.

Table A2 shows natural gas emissions in the Bay Area for commercial and residential area
sources, as well as permitted sources. As noted above, the permitted source sector includes
emissions from commercial and industrial operations that are tracked as individual facilities
(“points”). NO, emissions from commercial and residential natural gas combustion are about
76% of NO, emissions from total natural gas combustion for these three sectors combined.

Table A3 shows NO, emissions for appliances targeted by Rules 9-4 and 9-6. As discussed above,
Rule 9-6 had not been fully implemented by 2018, so a portion of the 2018 baseline NO,
emissions will be reduced when full implementation takes place. As shown in Table A3, this
portion of the baseline NO, emissions is 576 tons, or 13.5% of the 2018 total of 4,267 tons
emitted by the targeted appliances. The remaining 86.5% (3,690 tons) will be addressed by the
proposed rule amendments. For the CMAQ modeling analysis, the control case removed the
entire 4,267 tons of NO, associated with the targeted appliances to simulate the full impact of
emissions from this source sector. To estimate benefits attributable to proposed amendments
only, modeled reductions in concentrations of selected species were multiplied by a scaling
factor of 0.865.

Specifically, this scaling factor was applied to modeled reductions in NO, and secondary PM, 5
concentrations (the latter adjustment was necessary because NO, participates in secondary
PM, 5 formation). Adjusted secondary PM, s reductions were then added to total reductions in
primary PM, s concentrations'® to calculate a total PM, 5 benefit from the proposed
amendments. All BenMAP, exposure, and NAAQS analyses were based on the estimated
pollutant reductions associated with proposed rule amendments only, with any reductions
associated with current rule versions being excluded.

10 Reductions in emissions of primary PM, s and other pollutants besides NO, are solely due to proposed rule
amendments, so no adjustment was needed.
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Table A2: Bay Area 20182 natural gas combustion emissions (ton/yr).

2018 Annual Emissions (ton/yr)

EIC Description
co NO, SOy TOG ROG PMyo PM, 5
060-020-0110-0000 | Commercial — space heating 237.8 552.8 3.6 65.4 28.8 45.2 45.2
060-030-0110-0000 | Commercial — water heating [ 291.5 475.7 4.4 80.2 35.3 55.4 55.4
060-995-0110-0000 | Commercial — other 237.8 552.8 3.6 65.4 28.8 45.2 45.2
- Commercial subtotal 767.0 1581.3 11.5 210.9 92.8 145.7 145.7

610-606-0110-0000 | Residential — space heating 1,036.6 | 2,410.0 15.5 285.1 125.4 196.9 196.9

610-608-0110-0000 | Residential — water heating 847.3 828.3 12.7 233.0 102.5 161.0 161.0

610-610-0110-0000 | Residential — cooking 920 | 2139 | 14 | 253 | 111 | 175 17.5
610-995-0110-0000 | Residential — other 83.2 193.5 1.2 229 10.1 15.8 15.8
- Residential subtotal 2059.1 | 36457 | 309 | 5663 | 249.2 | 3912 | 391.2
Various | Permitted - all source types | 1,055.3 | 1,662.6 | 16.5 | 604.1 | 265.8 | 122.1 | 122.1
- | Grand Total | 3,881.4 | 6,880.5 | 589 | 13813 | 607.8 | 6501 | e59.1

3 Natural gas combustion emissions represent the Air District’s latest estimates for residential (2019), commercial (2018), and
permitted (2018) sources. These estimates were considered representative of 2018 conditions for modeling purposes.

Table A3: NO, emissions from appliances targeted by proposed rule amendments (ton/yr).

NO, Emissions (ton/yr)

Description . Reduction from Reduction from
2018 Baseline existing Rule 9-6 | proposed amendments
Commercial — space heating 552.8 -- 552.8
Commercial — water heating 475.7 235.2 240.5
Residential — space heating 2,410.0 -- 2410.0
Residential — water heating 828.3 341.1 487.2
Total 4,266.7 576.3 3,690.5
Percentage 100.0% 13.5% 86.5%

A.2 BenMAP-CE Computer Program

Applications of BenMAP-CE computer program require the development of two sets of inputs:
ambient PM, 5 concentrations and population data. The calculations implemented by
BenMAP-CE include population exposure, using health impact functions to estimate the
incremental change in selected human health outcomes.

Epidemiological data are used to develop concentration-response functions, which BenMAP-CE
uses to quantify the links between pollutant exposure and adverse health outcomes. These
functions are typically stratified by population subgroups (e.g., age, race, and ethnicity) and
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account for the effects associated with a specific duration and degree of pollutant exposure
(Table A4).

Population data and pollutant concentration data input to BenMAP-CE must be prepared in a
manner consistent with these concentration-response functions. Epidemiological data linking
PM, 5 exposure and mortality are typically stratified by age group (e.g., infants, 18 years of age,
and older) and reflect an annual averaging period. The BenMAP-CE program overlays
population data onto changes in ambient pollutant concentrations to calculate spatially
resolved impacts associated with pollutant exposure.

In this study, BenMAP-CE’s companion tool, PopGrid, was used to estimate the 2010 population
in each of the 1-km grids over the entire Bay Area where annual average PM, s concentrations
were estimated. We then used BenMAP-CE to project the 2010 1-km grid population to 2020.
PM, 5 health impacts were estimated for a total of 304 population groups (Table A2). They
comprised nineteen age, four race, and two ethnic groups, as well as male and female groups.
BenMAP-CE’s racial classification schema is identical to that of the Centers for Disease Control
and Prevention (CDC), from which BenMAP-CE obtains baseline health data. CDC’s schema is
aligned with the U.S. Census 2010 schema, except that multiracial (“2 or more races,” for
example) as well as “other race” responses are reclassified into one of the four “single-race”
bins based on auxiliary data. Therefore, multiracial and other classifications have not been
dropped; they have been reclassified into one of the four categories.

Table A4: Demographic groups and characteristics available in BenMAP-CE.?

Race Ethnicity Age
White, African Hispanic, Non- <1, 1-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34,
American, Asian, Hispanic 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65—69,
American Indian 70-74, 75-79, 80-84, 285

2 Based on Table JI (U.S. EPA 2021); both males and females included.

A3 Discount Rates

In general, benefits realized from the reduction in air pollution might need to be discounted
because of (1) societal preferences for current over future benefits, (2) the need for future-year
benefits estimates to be comparable with current-year benefits for cost-benefit analyses, and
(3) the ability to compare future benefits with those occurring during the analysis year.

This assessment estimates annual valuations (in 2020 US dollars) of health impacts attributed to
emissions targeted by the proposed rule amendments. Valuations are for impacts that occur
within a year, but costs can extend to future years. In BenMAP-CE, discount rates!! can be
applied to economic valuations, providing an estimate of future costs in dollar amounts for the
analysis year.

11 Discounting is based on the concept that the value of a dollar decreases with time. For example, in 20 years S1 is
worth $0.55 today at an annual discount rate of 3% and $0.26 at an annual discount rate of 7%.
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For example, for the case of a cardiac arrest, costs calculated within BenMAP-CE are assumed
to extend beyond the year of the event, and annual costs beyond the first year can be
discounted using an assumed discount rate. BenMAP-CE provides two sets of pre-calculated
unit costs, one associated with a 3% discount rate and one for a 7% discount rate. Economic
valuations presented in this report assumed an annual discount rate of 3%.
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APPENDIX F

Exposure and Equity Assessment of Natural Gas Appliances in the
San Francisco Bay Area
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Overview

This document analyzes the intensities and distributions of annual average exposures (modeled
outdoor concentrations weighted by residential population) attributed to emissions targeted by
proposed amendments to Bay Area Air Quality Management District (Air District or BAAQMD)
Rules 9-4 and 9-6. These proposed rule amendments (Elwell 2022) would limit emissions of
oxides of nitrogen (NO,) from natural gas-fired furnaces (9-4) and water heaters and boilers (9-
6). They would impose a zero-NO, standard on natural gas-fired commercial and residential
building space and water heating appliances.

The impacts evaluated in this analysis are taken to be equivalent to the difference between a
baseline scenario and a control scenario, in which the latter represents a world where those
NO, and fine particulate matter (PM, s) emissions have been eliminated. The elimination of NO,
emissions is consistent with the proposed zero-NO, standard; if electric appliances are adopted
to meet this standard, direct, or primary, PM, 5 emissions would also be eliminated.

As explained in the accompanying appendices and in the main document, the emission
reductions attributed to the proposed rulemaking (hereafter, “targeted emissions”) would be in
addition to those realized by full compliance with existing NO, regulations. The analyses in this
document are restricted to those additional emission reductions and the resulting reductions in
exposures for Bay Area residents. In addition to results for the total Bay Area residential
population, staff calculated results for four different racial/ethnic groups. The focus in this
document, motivated by the results of the health benefits assessment (Tanrikulu et al. 2022), is
on differences in annual average PM, 5 exposure intensities for those groups.

Modeled Air Quality Impacts

The emissions and air quality modeling used as the basis for this analysis are described in
Tanrikulu et al (2022). Figures 1 through 4 depict modeled annual average baseline
concentrations and reductions attributed to elimination of the targeted emissions (baseline
minus control) of NO, and secondary, primary, and total PM, 5 within the study area. Secondary
PM, s is formed in the atmosphere from precursors such as NO,, while primary PM, s is directly
emitted; total PM, 5 is the sum of the two.

2023-03-06 2
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Figure 1: Baseline concentrations (left) and reductions (right) for NO,.

Figure 2: Baseline concentrations (left) and reductions (right) for secondary PM,s.

2023-03-06 3
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Figure 3: Baseline concentrations (left) and reductions (right) for primary PM,s.

Figure 4: Baseline concentrations (left) and reductions (right) for total PM,s.
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Exposure Calculations

Annual average exposures were computed for this analysis using weighted sums of 1x1 km grid-
cell concentrations, with the modeled population (also on the same 1x1 km grid) serving as the
weights. This is consistent with the approach taken in most large-scale epidemiological studies
of outdoor air pollution. In this document, we use the term “exposure intensity”
interchangeably with “population-weighted concentration”, or, equivalently, exposure “per
capita.” These all have the same units as concentrations. For PM, 5, for example, the units are
micrograms per cubic meter (ug/m?3).

Total population exposure, in contrast to the above, has units of persons multiplied by intensity
(e.g., person-pug/m3). We computed average exposure intensities by first computing total
population exposures. The total exposure X;;; of a population group k, in cell j, to pollutant i,
is:

Xijie = Cij - Py

... where C;; is the modeled annual average concentration (e.g., ug/m3) of pollutant i in cell j,
and Py the size (in persons) of that population subgroup k within that cell j.

Across a region corresponding to a set of cells indexed by j € J, consisting of more than one cell
(for example, the set of cells equated with a particular county), different summary statistics for
subgroup k may be computed. Below is the formula we used to calculate the average exposure
intensity for a member of group k, to pollutant i, across all cells j in J. It is the total population
exposure for group k, within that region, divided by the total number of persons in group k,
again within that region:

ZJEJ Xijik

Zje]ij

Computing an average exposure intensity for all residents, for pollutant i, across all cells j in J is
similar: it is again the sum of population exposure divided by the sum of population:

z:je] ZkeK Xiji

Zje] ZkeK Pj'k

For county-specific calculations, cells were assigned to counties by calculating the intersections
of cells and county polygons. For each cell, the county with the largest amount of overlap (i.e.,
the largest share of that cell’s area) was used as the label for that cell.
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Simplified Example

This simplified set of example calculations uses real data from the main analysis (Table 1,
below). It illustrates the counter-intuitive result, found in the main analysis, that one group can
be the most impacted overall while not being the most impacted within most counties.

For clarity, this example is restricted to just two counties and two racial/ethnic groups. In both
counties, the impact on African-American/Black residents is larger. Santa Clara county, which is
more impacted overall, is home to the majority of Asian/Pacific Islander residents. The majority
of African-American/Black residents, on the other hand, live in Alameda County.

Table 1: Example data.

Average Exposure Population

Asian/Pacific Islander

Santa Clara 0.195 pg/m? 760,000

Alameda 0.152 pg/m? 540,000
African-American/Black

Santa Clara 0.199 ug/m3 60,000

Alameda 0.165 pg/m?3 180,000

III

If the Asian/Pacific Islander population were the same size in both counties, the “regiona
(two-county) average for Asian/Pacific Islander residents would simply be the average of 0.195
and 0.152, or 0.174 pg/m?3. Similarly, if the African-American/Black population were the same
size in both counties, the result would be the average of 0.199 and 0.165, or 0.182 pg/m?3.

However, there are many more Asian/Pacific Islander residents in Santa Clara than in Alameda,
and Santa Clara is more impacted. So, the “regional” average in this example, for Asian/Pacific
Islander residents, is closer to Santa Clara’s:

(0.195 % 760,000) + (0.152 * 540,000)
760,000 + 540,000

=0.177

In contrast, the majority of African-American/Black residents live in Alameda. Since Alameda is
less impacted, the “regional” average for African-American/Black residents is weighted in the
opposite direction:

(0.199 * 60,000) + (0.165 * 180,000)
60,000 + 180,000 N

0.174

... resulting in a slightly smaller value than that for Asian/Pacific Islander residents.
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In our main analysis, the effect is more complex, because there are more areas and more
racial/ethnic groups. However, the elements are the same: (1) more variation between areas
than between racial/ethnic groups; and (2) a demographic picture with sufficiently distinct
racial/ethnic compositions at a sub-regional level.

This effect does not appear in all datasets, but it can arise at any geographic scale. For example,
a large exposure disparity has been reported for PM, 5 from residential gas combustion at the
national level: across the US, Asian/Pacific Islander residents were estimated to be 92% more
impacted than average by PM, 5 from those sources (Tessum et al. 2021). The published data
for that analysis suggest that New York exerts high leverage on the national result—New York
has both a large Asian/Pacific Islander population and a much larger average impact from
residential gas combustion, relative to other states. Without additional information, one cannot
say for certain whether the national-level findings apply within New York, or within other states
in that analysis. They might, but the patterns of disparity might be different in terms of
magnitudes or directions. We have not analyzed Bay Area results using areal units other than
counties (for example, ZIP Code Tabulation Areas, Census Places, or Metropolitan Statistical
Areas), but we may do so in future work.
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Main Analysis

The study area included the portions of the 9-county Bay Area that are under the jurisdiction of
the Bay Area Air Quality Management District (Figure 5). The modeled population was
projected by BenMAP (PopGrid) for the year 2020, using Census 2010 data as a base year. This
population was estimated to be approximately 7.7 million residents. A breakdown by county
and race/ethnicity, using categories supplied by BenMAP/PopGrid, is given in Table 2. The focus
in this section, motivated by the results of the health benefits assessment, is on differences in
annual average PM, s impacts for those groups.

Table 2: Modeled residential population. Percentages are row-wise; they indicate shares of that county’s
population. Basis: BenMAP/PopGrid projection from 2010 to 2020.

Asian Hispanic Black White (all)
Alameda 32.6% 24.3% 11.0% 32.1% 1,668,306
Contra Costa 18.5% 28.7% 9.2%  43.6% 1,180,605
Marin 7.4% 18.3% 32% 71.1% 266,439
Napa 8.5% 36.8% 23% 52.5% 147,553
San Francisco 34.6% 15.1% 52% 45.1% 866,833
San Mateo 31.5% 26.6% 2.7%  39.1% 797,428
Santa Clara 38.3% 27.7% 2.8% 31.2% 1,991,116
Solano 21.7% 27.8% 17.3% 33.2% 311,782
Sonoma 5.6% 30.5% 22% 61.7% 461,976
(all) 28.6% 25.6% 6.4% 39.4% 7,692,039

Baseline conditions: impacts from all sources

Under baseline conditions, the annual average exposure intensity (modeled outdoor
concentration weighted by residential population) was calculated to be 8.53 pg/ms3. This is from
all modeled sources of PM, s, including sources other than space and water heating appliances,
and including sources beyond the Air District’s jurisdictional boundary. Of this 8.53 pg/m?3, 49%
was attributed to secondary PM, 5. The remaining 51% was attributed to primary PM,s.

In addition to regional annual averages for PM, s and NO,, staff calculated impacts for residents
within particular racial/ethnic groups. At a regional level, White residents were found to be less
impacted than people of color by PM, 5 from all sources combined (Table 3, column “Baseline”).
Secondary PM, s from all sources had the largest impact on Asian/Pacific Islander residents,
while primary PM, 5 and total PM, 5 from all sources had the largest impacts on Hispanic/Latino
residents.

Exposures to PM, s from targeted emissions

Approximately 0.14 pg/m3, or 1.6% of the 8.53 ug/m?3 baseline, was attributed to targeted
emissions from space and water heating appliances. Of this 0.14 ug/m3 contribution, 61% was
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attributed to secondary PM,s. The remaining 39% was attributed to directly emitted

(“primary”) PM,s.

Table 3: Modeled exposures (outdoor concentrations, weighted by residential population) under baseline

and control scenarios. Reductions are expressed relative to baseline exposures.

Baseline  Control Reduction
Total PM, 5 (ug/m3)
Asian/Pacific Islander 8.817 8.667 0.150 (1.7%)
Hispanic/Latino 8.826 8.687 0.139 (1.6%)
African-American/Black 8.670 8.536 0.134 (1.5%)
White 8.116 7.988 0.128 (1.6%)
(average) 8.534 8.397 0.138 (1.6%)
Primary PM, s (ug/m3)
Asian/Pacific Islander 4.496 4.437 0.059 (1.3%)
Hispanic/Latino 4.558 4.505 0.054 (1.2%)
African-American/Black 4.491 4.436 0.055 (1.2%)
White 4.140 4.091 0.050 (1.2%)
(average) 4.371 4.318 0.054 (1.2%)
Secondary PM; 5 (ng/m?3)
Asian/Pacific Islander 4.321 4.230 0.091 (2.1%)
Hispanic/Latino 4.268 4,182 0.086 (2.0%)
African-American/Black 4179 4.099 0.079 (1.9%)
White 3.976 3.898 0.079 (2.0%)
(average) 4.163 4.079 0.084 (2.0%)
NO, (ppb)
Asian/Pacific Islander 10.079 9.324 0.755 (7.5%)
Hispanic/Latino 9.958 9.268 0.690 (6.9%)
African-American/Black 10.930 10.212 0.718 (6.6%)
White 8.113 7.470 0.643 (7.9%)
(average) 9.328 8.636 0.692 (7.4%)

Figure 5 depicts the same data summarized in Figure 4 (right panel) and Table 2, but in the form

of contours overlaid on the residential population. The outermost contour represents a
contribution of +0.05 pg/m3 of total PM, 5 attributed to targeted emissions from space and
water heating appliances. This amount is approximately one-half of 1 percent of the

population-weighted annual average from all modeled sources, including sources outside the

study area.
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Figure 5: Contours of total PM, s attributed to targeted emissions from space and water heating appliances,
overlaid on residential population (n = 7.7 million).
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In the scenario where both NO, and PM, 5 emissions were eliminated, resulting in reductions to
primary PM, 5 as well as secondary PM, s, the Bay Area’s Asian/Pacific Islander population
realized the largest reductions in average total PM, 5 exposure intensity. This was true in both
relative and absolute terms (Table 3, column “Reduction”), and it was true for both PM; 5
components (primary and secondary) as well as the total. For total PM, s, the reduction for
Asian/Pacific Islander residents was 9% more than average; for Hispanic/Latino residents, 1%
more; for African-American/Black residents, 2% less; and for White residents, 7% less. These
differences from the average are evident in the right panel of Figure 6, where the dotted
horizontal line represents the average.

Figure 6: PM, s impacts (annual average outdoor concentrations, weighted by residential population)
attributed to targeted emissions from space and water heating appliances. Total = primary + secondary.
Dotted horizontal lines indicate averages.

Figure 7 illustrates patterns of exposure using tertiles of total PM, 5 attributed to these
appliances. Tertiles are constructed so that one-third of the total population falls into each bin:
here, the bins are 0.00 to 0.10 pg/m3, 0.10 to 0.17 pg/m?3, and 0.17 to 0.42 ug/m3 PM, 5
attributed to targeted emissions from space and water heating appliances.

In a situation where exposures are equal, exactly one-third of each racial/ethnic group will also
fall into each tertile. However, the modeling indicates that almost twice as many Asian/Pacific
Islander residents live in locations corresponding to the highest tertile (0.17 to 0.42 pug/m3),
compared to the lowest (0.00 to 0.10 pg/m3). For White residents, the pattern is reversed.
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Figure 7: Share of total population within each racial/ethnic group and tertile of exposure. Tertiles are from
left to right, and represent total PM, 5 impacts from targeted emissions from space and water heating
appliances. One-third of the total population falls into each tertile: 0.00 to 0.10 pg/m3; 0.10 to 0.17 pug/m3; or
0.17 to 0.42 pg/m3. The thickness of each bar is proportional to the number of residents in that racial/ethnic
category.

Patterns within and between counties

Within counties, the patterns of racial/ethnic inequality are different. Focusing on impacts from
targeted emissions from space and water heating appliances, Tables 4 through 7 show this by
unpacking the “reduction” data from Table 3. From these tables, it is apparent that variation
between counties is much larger than variation between racial/ethnic groups. It is also
apparent that, in every county except Contra Costa, African-American/Black and
Hispanic/Latino residents, rather than Asian/Pacific Islander residents, are the most impacted
by total PM, s from targeted emissions from space and water heating appliances (Table 4). This
recalls the example data presented in the previous section on Exposure Calculations.

The three most-impacted counties, in terms of per-capita total PM, 5 impacts attributed to
space and water heating appliances, are Santa Clara, San Francisco, and Alameda, and they are
approximately twice as impacted as others (0.17 vs 0.09 ug/m3, respectively).

The association between exposure and demographics at the county level is further illustrated
by Figure 8, which ranks all Bay Area counties by average exposure to PM, s attributed to
targeted emissions from space and water heating appliances, and then shows the
demographics within each county. Santa Clara, San Francisco, and Alameda counties comprise
approximately 59% of the Bay Area’s total population, 73% of its Asian/Pacific Islander
population, and 51% of its White population.
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Additional detail is supplied by Figure 9, which depicts the distributions of attributable
exposures within each combination of county and race/ethnicity. Like Figure 8, Figure 9 also
communicates the relative number of people within each group: it is proportional to the area of
each histogram. So, the same demographic patterns can be observed, with (for example) three-
quarters of the Asian/Pacific Islander population found in the top three counties.

The overall association is strong enough, and the variation between counties large enough
(compared to variation between racial/ethnic groups) that, while African-American/Black or
Hispanic/Latino residents are the most impacted within all counties but Contra Costa, on a
regional basis it is Asian/Pacific Islander residents who are the most impacted.

Figure 8: Demographics by county. Counties are ranked by average PM, s impact from targeted emissions
from space and water heating appliances, with the most impacted at the top. The thickness of each bar is
proportional to the number of residents in that county. See also Table 2.
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Table 4: Average exposures (outdoor concentrations, weighted by residential population) to total (primary +

secondary) PM, s attributed to targeted emissions from space and water heating appliances.

Asian Hispanic Black White (average)
Total PM, 5 (ug/m3)
Santa Clara 0.195 0.198 0.199 0.194 0.196
San Francisco 0.154 0.175 0.171 0.168 0.165
Alameda 0.152 0.155 0.165 0.148 0.153
San Mateo 0.097 0.121 0.117 0.113 0.110
Contra Costa 0.092 0.090 0.086 0.092 0.091
Napa 0.069 0.088 0.069 0.076 0.080
Sonoma 0.066 0.069 0.070 0.061 0.064
Solano 0.062 0.066 0.065 0.060 0.063
Marin 0.058 0.062 0.057 0.055 0.056
(average) 0.150 0.139 0.134 0.128 0.138

Table 5: Average exposures (outdoor concentrations, weighted by residential population) to secondary PM, 5
attributed to targeted emissions from space and water heating appliances.

Asian Hispanic Black White (average)

Secondary PM, 5 (ug/m3)

Santa Clara 0.126 0.126 0.127 0.127 0.126
San Francisco 0.073 0.082 0.081 0.079 0.077
Alameda 0.093 0.094 0.095 0.091 0.093
San Mateo 0.055 0.069 0.068 0.067 0.064
Contra Costa 0.063 0.059 0.056 0.064 0.062
Napa 0.047 0.056 0.047 0.051 0.052
Sonoma 0.043 0.045 0.045 0.040 0.042
Solano 0.041 0.042 0.042 0.040 0.041
Marin 0.037 0.039 0.037 0.035 0.036
(average) 0.091 0.086 0.079 0.079 0.084
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Table 6: Average exposures (outdoor concentrations, weighted by residential population) to primary PM, 5
attributed to targeted emissions from space and water heating appliances.

Asian Hispanic Black White (average)

Primary PM, 5 (ng/m3)

Santa Clara 0.069 0.072 0.072 0.067 0.069
San Francisco 0.082 0.093 0.090 0.090 0.088
Alameda 0.059 0.061 0.070 0.057 0.060
San Mateo 0.041 0.052 0.049 0.046 0.046
Contra Costa 0.029 0.031 0.030 0.028 0.029
Napa 0.023 0.031 0.022 0.025 0.027
Sonoma 0.023 0.024 0.025 0.021 0.022
Solano 0.021 0.024 0.023 0.020 0.022
Marin 0.021 0.023 0.020 0.020 0.020
(average) 0.059 0.054 0.055 0.050 0.054

Table 7: Average exposures (outdoor concentrations, weighted by residential population) to NO, attributed
to targeted emissions from space and water heating appliances.

Asian Hispanic Black White (average)
NO, (ppb)
Santa Clara 0.852 0.876 0.890 0.833 0.854
San Francisco 1.086 1.228 1.198 1.194 1.162
Alameda 0.777 0.793 0.920 0.748 0.788
San Mateo 0.576 0.705 0.670 0.625 0.632
Contra Costa 0.377 0.390 0.384 0.358 0.373
Napa 0.300 0.425 0.301 0.343 0.369
Sonoma 0.305 0.320 0.331 0.272 0.290
Solano 0.279 0.318 0.309 0.273 0.293
Marin 0.292 0.320 0.286 0.273 0.284
(average) 0.755 0.690 0.718 0.643 0.692
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Figure 9: Distributions of exposure to total PM, s attributed to targeted emissions from space and water
heating appliances, by county and race/ethnicity. Diamonds on the x-axis indicate averages for each panel;
exact values for these may be found in Table 4. Histograms provide 0.01-pug/m3 resolution detail. For clarity, a
small number of exposures greater than 0.3 ug/m?3 are not shown.
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LIST OF ABBREVIATIONS

AAQS air quality standards

AB Assembly Bill

BAAQMD Bay Area Air Quality Management District
BACT best available control technology

BART Bay Area Rapid Transit

BTU British thermal unit

CAA federal Clean Air Act

CAAQS California Ambient Air Quality Standards
CAFE corporate average fuel economy
CALGreen California Green Building Standards
Caltrans California Department of Transportation
CAP climate action plan

CARB California Air Resources Board

CCA Community Choice Aggregation

CCAA California Clean Air Act

CCR California Code of Regulations

CEC California Energy Commission

CEQA California Environmental Quality Act
CH4 methane

cl carbon intensity

CNEL Community Noise Equivalent Level
CNRA California Natural Resources Agency
Cco carbon monoxide

COz carbon dioxide

COe carbon dioxide equivalent

CPP corridor protection program

CPUC California Public Utilities Commission
dB decibels

dBA A-weighted decibels

Delta Sacramento—-San Joaquin Delta
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List of Abbreviations

diesel PM

E3
EIR
EO
EPA
EV

FEMA
FMMP
FTA

GHG
GHGRP

HAP

HSO4

HFC

HNO;

Hot Spots Act
Hz

Ib/day
Leg

Lmax

MMTCO.e
mPa
MTC/ABAG
MW

N>

particulate matter exhaust from diesel engines

Energy + Environmental Economics
environmental impact report
Executive Order

US Environmental Protection Agency

electric vehicle

Federal Emergency Management Agency
Farmland Mapping and Monitoring Program

Federal Transit Administration

greenhouse gas

greenhouse gas reduction plan

hazardous air pollutant

sulfuric acid

hydrofluorocarbons

nitric acid

Air Toxics Hot Spots Information and Assessment Act of 1987

hertz

Interstate

initial study

pounds per day
Equivalent Continuous Sound Level

Maximum Sound Level

million metric tons of carbon dioxide equivalent
micro-Pascals
Metropolitan Transportation Commission and Association of Bay Area Governments

megawatt

nitrogen
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N.O
NAAQS
ng/joule
NO;
NOP
NOx
NPDES
NREL

OF}
OSHA

PFC
PG&E
PM
PM1o
PM2s
ppm
PRC

Project

RCRA
ROG
RPS

Rule 9-4
Rule 9-6

RWQCB

SB

SB 350
SCAQMD
SFe
SFBAAB
SIP
SJIVAPCD

nitrous oxide

National Ambient Air Quality Standards
nanograms per joule

nitrogen dioxide

notice of preparation

nitrogen oxide

National Pollutant Discharge Elimination System

National Renewable Energy Laboratory

oxygen

Occupational Safety and Health Administration

perfluorocarbons

Pacific Gas and Electric Company

particulate matter

respirable particulate matter with an aerodynamic diameter of 10 micrometers or less
fine particulate matter with an aerodynamic diameter of 2.5 micrometers or less
parts per million

Public Resources Code

proposed amendments to Rules 9-4 and 9-6

Resource Conservation and Recovery Act

reactive organic gases

Renewable Portfolio Standard

Regulation 9, Rule 4: Nitrogen Oxides from Fan Type Residential Central Furnaces

Regulation 9, Rule 6: Nitrogen Oxides Emissions from Natural Gas-Fired Boilers and
Water Heaters

regional water quality control board

Senate Bill

Clean Energy and Pollution Reduction Act
South Coast Air Quality Management District
sulfur hexafluoride

San Francisco Bay Area Air Basin

state implementation plan

San Joaquin Valley Air Pollution Control District
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SOz sulfur dioxide

SPUR San Francisco Bay Area Planning and Urban Research Association
SR State Route

TAC toxic air contaminant

TCR tribal cultural resource

VOC volatile organic compounds
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EXECUTIVE SUMMARY

ES.1 Introduction

This summary is provided in accordance with California Environmental Quality Act Guidelines (State CEQA Guidelines)
Section 15123. As stated in Section 15123(a), “an EIR [environmental impact report] shall contain a brief summary of
the proposed action and its consequences. The language of the summary should be as clear and simple as
reasonably practical.” As required by the guidelines, this chapter includes (1) a summary description of the Project, (2)
a synopsis of environmental impacts and recommended mitigation measures (Table ES-1), (3) identification of the
alternatives evaluated and of the environmentally superior alternative, and (4) a discussion of the areas of controversy
associated with the Project.

ES.2 SUMMARY DESCRIPTION OF THE PROJECT

The Bay Area Air Quality Management District (BAAQMD) is proposing amendments to Regulation 9: Inorganic
Gaseous Pollutants, Rule 4: Nitrogen Oxides from Fan Type Residential Central Furnaces (Rule 9-4) and Regulation 9:
Inorganic Gaseous Pollutants, Rule 6: Nitrogen Oxides Emissions from Natural Gas-Fired Boilers and Water Heaters
(Rule 9-6). Rule 9-4 applies to the natural gas-fired space-heating furnaces commonly found in single-family homes,
and Rule 9-6 applies to natural gas-fired water heaters commonly found in residential and commercial applications.
Space- and water-heating appliances generate a large portion of nitrogen oxide (NOy) emissions from sources in the
Bay Area. NOy is formed during natural gas combustion when ambient nitrogen and oxygen combine at high
temperatures. If adopted, the proposed rule amendments (or Project) would substantially reduce NOx emissions from
these appliances.

ES.2.1 Project Location

The proposed amendments to Rules 9-4 and 9-6 would apply to building appliances within the BAAQMD's
jurisdiction, which encompasses 5,600 square miles. The area of BAAQMD's jurisdiction includes all of Alameda,
Contra Costa, Marin, San Francisco, San Mateo, Santa Clara, and Napa Counties and portions of southwestern Solano
and southern Sonoma Counties. The San Francisco Bay Area is characterized by a large, shallow basin surrounded by
coastal mountain ranges tapering into sheltered inland valleys. The combined climatic and topographic factors result
in increased potential for the accumulation of air pollutants in the inland valleys and reduced potential for buildup of
air pollutants along the coast.

ES.2.2 Background and Need for the Project

The BAAQMD has regulated NO, emissions from space- and water-heating appliances for several decades. Rule 9-4
for furnaces was first adopted in 1983, with this version of the rule still in place. Rule 9-6 was first adopted in 1992 and
was most recently updated with more stringent NOy emissions standards for certain equipment in 2007. All versions
of these rules have included a NO, emissions standard expressed as nanograms of NOy per joule of useful heat
(ng/joule) delivered by the appliance.

In addition, the South Coast Air Quality Management District (SCAQMD) and San Joaquin Valley Air Pollution Control
District (SIVAPCD) have adopted regulations that are similar in structure and standards to Rules 9-4 and 9-6.
SCAQMD Rule 1111 and SJIVAPCD Rule 4905, which are similar to Rule 9-4 in applicability to furnaces, have been
updated within the last ten years and require a NOy emissions standard of 14 ng/joule, the same initial standard
identified in the proposed amendments. Rule 9-6 for water heaters and small boilers currently contains NOx emission
standards equivalent to those in SCAQMD Rules 1146.2 and 1121 and SIVAPCD Rules 4308 and 4902 for similar
equipment.
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The proposed rule amendments to the two rules focus on NO, emissions from natural gas-fired space- and water-
heating appliances in buildings. Space and water heaters are the greatest source of NOx emissions in the building
sector.

Nitrogen oxides are a key criteria pollutant as a precursor to ozone and secondary particulate matter (PM) formation.
Secondary PM is formed from the conversion of NOx to ammonium nitrate through atmospheric chemical reactions
with ammonia. Particulate matter, a diverse mixture of suspended particles and liquid droplets, is the air pollutant
most harmful to the health of Bay Area residents. The Bay Area is currently classified as non-attainment for particulate
matter with an aerodynamic resistance diameter of 2.5 micrometers or less (PMz5) under the annual and 24-hour
California Ambient Air Quality Standards (CAAQS) and unclassifiable under National Ambient Air Quality Standards
(NAAQS). Exposure to PMzs, on either a short-term or long-term basis, can cause a wide range of respiratory and
cardiovascular health effects, including strokes, heart attacks, and premature deaths. Because NOx compounds in the
atmosphere contribute to the formation of secondary PM, any NOx emission reduction would also result in PM;s
reductions.

In addition, the Bay Area is currently designated as a non-attainment area for ozone, a regional pollutant, under all
CAAQS and NAAQS. Emissions of reactive organic gases (ROG) and NOy throughout the Bay Area contribute to
ozone formation in downwind areas. ROG and NOx react through atmospheric chemical reactions to form ozone.
Therefore, reductions in emissions of ROG and NOy are needed throughout the region to decrease ozone levels. As
the ambient temperature rises, ground-level ozone forms at an accelerated rate. Ozone levels are usually highest on
hot, windless summer afternoons, especially in inland valleys. Exceedances of State or national ozone standards in the
Bay Area occur only on hot, relatively stagnant days. Because weather conditions have a strong impact on ozone
formation, ozone levels can vary significantly from day to day or from one summer to the next. Longer and more
severe heat waves expected as a result of climate change may cause more ozone formation, resulting in more
frequent exceedances of ozone standards.

ES.2.3 Project Objectives

The overall purpose of the proposed amendments is to reduce NOy emissions from natural gas-fired space- and
water-heating appliances in buildings in the Bay Area. Specifically, the objectives of the proposed amendments to
Rules 9-4 and 9-6 are to:

» for Rule 9-4, introduce an “ultra-low” NOy standard for space-heating appliances with a compliance date in 2024;
» for Rule 9-4, establish a zero-NO, standard in 2029;

» for Rule 9-6, establish a zero-NOy standard for water heaters with compliance dates ranging from 2027 to 2031
based on equipment type, use, and size;

» expand the applicability of Rule 9-4 to a larger breadth of space-heating appliances;
» update and clarify the certification and calculation methods contained in the rules;
» ensure equitable implementation of the rules; and

» improve the clarity and enforceability of the rules.

ES.2.4 Characteristics of the Project

The proposed amendments to Rules 9-4 and 9-6 would establish more stringent NOy emission standards for
natural gas-fired space- and water-heating appliances in buildings in the Bay Area.
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PROPOSED AMENDMENTS TO RULE 9-4

The proposed amendments for Rule 9-4 include introducing an “ultra-low” NOx standard for space-heating
appliances with a compliance date in 2024 and setting a zero-NOy standard in 2029. Like the current rule, amended
Rule 9-4 would apply only to new devices and only to natural gas-fired devices. The proposed new lower and zero-
NOy standards would apply to appliance retailers/wholesalers, and installers and would affect Bay Area consumers
when they replace their existing furnaces.

PROPOSED AMENDMENTS TO RULE 9-6

The proposed amendments for Rule 9-6 include setting a zero-NOx standard for water heaters with compliance dates
ranging from 2027 to 2031 based on equipment type, use, and size. Like the current rule, amended Rule 9-6 would
apply only to new devices and only to natural gas-fired devices. The proposed new zero-NOy standards would apply
to appliance retailers/wholesalers, and installers and would affect Bay Area consumers when they replace their
existing water heaters.

EMISSION CONTROL METHODS

Emission control methods to meet the proposed 14 ng/joule standard for Rule 9-4 are well established and currently
required by SCAQMD Rule 1111 and SIVAPCD Rule 4905. Potential complications identified in other jurisdictions, such
as high-altitude and cold weather scenarios, are not applicable in the Bay Area. The BAAQMD anticipates that dual-
fuel systems able to demonstrate compliance with this new proposed standard would be eligible for certification.

Current space and water heating appliances that meet the zero-NOy standard and are available on the market consist
mainly of electric heat pump systems. The BAAQMD does not intend to mandate specific technology solutions, but
currently available electric solutions were used as the bases to form estimates and projections. Natural gas
technologies, with combustion occurring in the absence of nitrogen, along with a variety of other technologies, could
also meet the proposed standards. The assumed use of electric appliances for CEQA analysis purposes allows for a
conservative estimate for impacts to utility systems and NOy reductions and potential adverse environmental impacts
because a switch to electric appliances would slightly reduce NOy emissions reductions (some increase in NOj
emissions from power generation); have impacts on utilities and services systems from the additional electricity
needed to power these appliances; and have potential noise impacts, as discussed herein. Should natural gas-fired
appliances that meet the zero-NO standard be developed and used in practice, NO, emission reductions would be
greater than those shown here as the resultant emissions would be zero (i.e., fewer potential emissions associated
with electricity generation), there would be lesser impacts due to electricity need, and there would be no other
foreseeable potential adverse impacts on any environmental impact areas. Thus, for CEQA analysis purposes, the
BAAQMD assumes that currently in-use natural gas-fired appliances would be replaced with electric appliances. The
proposed amendments include a zero-NOy standard four to eight years in the future to encourage technology
development, as well as availability and accessibility throughout the Bay Area.

OTHER POTENTIAL PHYSICAL EFFECTS

As described above, the proposed amendments to Rules 9-4 and 9-6 would affect natural gas-fired space- and
water-heating appliances, including furnaces and water heaters used in single-family homes; multifamily residences;
and commercial spaces, such as retail and office buildings. These appliances would be installed at existing and new
residential and commercial buildings. The proposed rule amendments would not result in any land use changes and
would not require construction (other than installation of the replacement units at existing buildings). These proposed
amendments would also not result in foreseeable changes to equipment manufacturing processes that could require
construction of new or expanded equipment manufacturing facilities or notable changes to equipment distribution
patterns that could increase vehicle miles traveled. The BAAQMD conducted additional research on electrical grid
capacity to serve the Project. The results of this research are included in Appendix C. Although the Project does not
include development of other facilities that would directly increase demand for electricity, the Project would result in
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long-term replacement of appliances with zero-NOy appliances that are assumed to be electric. This assumption is
made for purposes of conducting a conservative CEQA analysis and is based on currently available technology. This
change to electric appliances would contribute to increased electricity demand resulting from other programs,
especially State-led decarbonization programs that involve much more reliance on renewable energy. The potential
for the Project to contribute to substantial adverse physical effects associated with any electrical supply increases or
necessary grid capacity upgrades is analyzed in this EIR in Section 3.3, “Utilities and Service Systems (Energy
Resources).” Should natural gas-fired appliances that meet the zero-NOx standard be developed and used in
practice, these potential grid impacts would decrease.

PROJECT TIMELINE

The proposed rule amendments would be in effect beginning in 2024. They would apply to appliance
retailers/wholesalers, and installers and would affect Bay Area consumers when they replace their existing furnaces
and water heaters. The equipment changeout is projected to be completed in 2046.

ENVIRONMENTAL PERMITS

No environmental permits would be required for Project implementation.

ES.3 ENVIRONMENTAL IMPACTS AND RECOMMENDED MITIGATION
MEASURES

ES.3.1 Project-Specific Impacts

This EIR has been prepared pursuant to the CEQA (Public Resources Code [PRC] Section 21000 et seq.) and the State
CEQA Guidelines (California Code of Regulations, Title 14, Chapter 3, Section 1500, et seq.) to evaluate the physical
environmental effects of the Proposed Amendments to Rules 9-4 and 9-6 Project. The BAAQMD is the lead agency
for the Project. The BAAQMD has the principal responsibility for approving and carrying out the Project and for
ensuring that the requirements of CEQA have been met. After the final EIR is prepared and the EIR public review
process is complete, the BAAQMD Board of Directors is the party responsible for certifying that the EIR adequately
evaluates the impacts of the Project.

Table ES-1, presented at the end of this chapter, provides a summary of the environmental impacts for the Proposed
Amendments to Rules 9-4 and 9-6 Project. The table provides the level of significance of the impact before
mitigation, recommended mitigation measures, and the level of significance of the impact after implementation of
the mitigation measures.

As described in Chapter 1, “Introduction,” the following were identified as resources that would not experience any
significant environmental impacts from the Project.

» Agriculture and Forest Resources » Mineral Resources

» Biological Resources » Population and Housing
» Cultural Resources » Public Services

» Energy » Recreation

» Geology and Soils » Transportation

» Hazards and Hazardous Materials » Tribal Cultural Resources
» Hydrology and Water Quality »  Wildfire

» Land Use and Planning
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ES.3.2 Significant-and-Unavoidable Impacts

As documented in this Draft EIR, most of the impacts associated with the Project would be less than significant. The
following impacts are considered significant and unavoidable; that is, no feasible mitigation is available to reduce the
impacts to a less-than-significant level.

UTILITIES AND SERVICE SYSTEMS (ENERGY RESOURCES)

Impact 3.3-1: Require the Relocation or Construction of New or Expanded Electric Facilities
That Would Result in an Adverse Environmental Impact

Assuming that heat pumps are used to replace existing natural gas-fired space and water heating appliances, the
Project would, under the “worst case” Low Policy Reference Scenario evaluated by E3 (Appendix C), over the long
term, result in increased energy demand beyond the planned electric grid capacity growth represented in this
scenario. E3 estimated that the proposed zero-NOj standards could result in 6.2 terrawatt-hours per year of
additional electric load growth by 2050, which would represent 2.2 percent of the total statewide electrical load by
2020 standards. The E3 study estimates that this level of demand could be met by the development of approximately
2,180 megawatt (MW) of incremental utility-scale solar capacity, corresponding to 19,500 acres of direct land use
impacts, under the "worst case” Low Policy Reference Scenario. For context, this represents 0.6 to 1.2 percent of the
State’s total projected land needed solar and land-based wind development for the State to meet its stated climate
goals, which is estimated to be between 1.6 and 3.1 million acres for solar and wind projects (not including off-shore
wind and other energy sources). Almost all of this energy production is anticipated to occur outside of the Bay Area,
and a portio