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1. Disclaimer 

This report was prepared as a result of work sponsored, paid for, in whole or in part, by the Bay Area Air 

Quality Management District (District). The opinions, findings, conclusions, and recommendations are those of 

the author and do not necessarily represent the views of the District. The District, its officers, employees, 

contractors, and subcontractors make no warranty, expressed or implied, and assume no legal liability for the 

information in this report. 
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2. Introduction 

The Bay Area Air District (“Air District”) is responsible for rulemaking that reduces air pollutants including 

nitrogen oxides (NOx). Under this mandate, the Air District approved amendments to Regulation 9 Inorganic 

Gaseous Pollutants Rule 4 Nitrogen Oxides from Natural Gas-Fired Furnaces, in March 2023 (Rule 9-4). These 

amendment set a zero ppm limit on the quantity of allowable NOx from natural gas-fired furnaces. The 

amendments to Rule 9-4 included a change in definition of applicable furnaces.  Previous standards in Rule 9-4 

applied to natural gas-fired fan type central furnaces with a heat input rate of less than 175,000 BTU/hr, 

(Btu/hr). including combination heating/cooling units with natural gas heating and also an electric cooling rate 

less than 65,000 BTU/hr. The updated definition of natural gas-fired furnaces in Rule 9-4 for the zero-NOx 

standard is intended to capture in-wall furnaces and roof tops units (RTUs) and does not have a size limit in the 

current definition.  

This study is intended to inform the Air District as to the likely scope of impacted buildings as a result of Rule 

9-4 across the nine Bay Area counties. It builds on the methodology developed under the Bay Area Regional 

Energy Network (BayREN) Existing Buildings Study to identify the expected quantity of residential and 

commercial buildings wherein current equipment would require to be replaced with zero-NOx equipment at 

time of replacement. The full methodology is described below, and it includes the intended capture of 

appliances under Rule 9-4 including in-wall furnaces and RTUs.  The analysis also provides information on the 

number of units that would be subject to the previous definition included in Rule 9-4 (under 175,000 BTU/hr).  

This information is intended to be instructive on the difference between the universe covered by these two 

definitions and may be discussed in the Air District’s Implementation Working Group (IWG) for Rule 9-4 to 

best understand and provide recommendations for implementation of the zero-NOx standard. 

 

3. Methodology 

In order to identify which buildings would likely be served by heating equipment that is subject to Rule 9-4, 

Arup first culled data on relevant building counts and types (Section 3.1), then applied weather data (Section 

3.2) and standard engineering calculation methodologies and to estimate potential heating loads (Sections 3.2 

and 3.3) to develop estimates of prevalence by building type and county (Section 3.4).  

Summary results are provided in Section 4. 

3.1 Parcel Data Collection 

Building data were processed using geospatial methods to include descriptive attributes from a variety of sources 

including county assessors’ offices, the Lawrence Berkeley National Laboratory, and ReGrid based on datasets 

received from MTC. For this study the attributes examined were building square footage, building vintage, and 

building use type. Building vintages were derived from 2025 ReGrid parcel data. Building use types for 

buildings of each county were classified via two attributes, one of which was a description from the 

corresponding county assessor’s office and was a more granular classification (e.g., ‘Commercial Stores’ and 

‘Supermarkets’) and the other was a broader classification defined by the Arup team to standardize the numerous 

descriptions across all Bay Area counties (e.g., ‘Mercantile’ and ‘Food Service’).  

Additional clarification of building use types was performed to correct type mismatches where the use type and 

use description did not appear to align. These modifications resulted in minor changes to typology throughout 

the study area. 
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In cases where data related to building massing (footprint, gross square footage, or number of stories) were 

missing or outside of reasonable ranges, corrective procedures were employed, as summarized in the following 

table. 

 

Table 1: Parcel data screening and replacement logic 

Datapoint Assumed faulty value Replacement value 

Gross floor area (GFA) 

 

The total usable floor space inside 

a building, summed across all 

levels, measured to the outside 

walls. 

Any value less than 50 sf or 

greater than 10,000,000 sf 

Replaced with the corresponding 

threshold value 

Single-family residential GFA less 

than 300 or greater than 5,000 sf 

Replaced with the corresponding 

threshold value 

Small multifamily (2-4 units) 

residential GFA less than 1,500 or 

greater than 12,000 sf 

Replaced with the corresponding 

threshold value 

Large multi-family (5+ units) 

residential GFA less than 3,750 sf 

3,750 sf 

Missing value Derive via multiplying footprint 

by floor count 

Building footprint 

 

The area of ground covered by 

the building’s outermost walls at 

ground level. 

Values under 150 sf 150 sf 1 

Single-family residential footprint 

value greater than 3,000 sf 

3,000 sf 

Small multifamily (2-4 units) 

residential footprint value greater 

than 10,000 sf 

10,000 sf 

Footprint values that exceed gross 

floor area 

Derive footprint via gross floor 

area / floor count 

Floor count Values greater than 61 2 61 

Single-family residential floor 

count greater than 5 

5 

Small multifamily (2-4 units) 

residential floor count value 

greater than 10 

10 

Missing value Apply region-wide average floor 

count for commercial or 

residential buildings. 

 

3.2 Weather and Design Condition Assessment 

Arup estimated the installed heating capacity by first considering local weather patterns across Bay Area 

counties—in particular, the “peak heating” conditions as defined in ASHRAE Handbook of Fundamentals 2009, 

which are assumed to correlate with heating system design across Bay Area buildings. Arup assembled heating 

design data for 13 weather stations across these counties to account for the range of such design conditions in 

this region (which is known for highly localized “microclimates”), including the 99% heating design condition 

and the more-stringent 99.6% design condition. For each parcel, the nearest of these ASHRAE weather stations 

 

1 150sf assumed to represent minimum realistic threshold for building conditioned with heating system. Informed by minimum threshold dictated by 2025 

California Department of Housing and Community Development Accessory Dwelling Unit Handbook. 

2 61 floors corresponds to the Salesforce Tower in San Francisco, deemed to be the building with the greatest number of floors across Bay Area counties. 

https://ahcd.assembly.ca.gov/system/files/2025-03/adu-handbook-update.pdf
https://ahcd.assembly.ca.gov/system/files/2025-03/adu-handbook-update.pdf


Bay Area Air District Air District Small Furnace Study 

    November 26, 2025 | Arup Americas Inc. Air District Small Furnace Study - Findings Report Page 5 
 

was determined, with the corresponding 99.6% heating condition being used to derive a given parcel’s heating 

load (in tandem with an assumed 72F indoor heating design temperature). 

The locations and temperature data for these stations are summarized in Table 2 below. 

 

Table 2: Bay area weather stations with 99% and 99.6% heating design conditions 

 

 

 

Figure 1: Sub-regions considered in heating load calculations based on proximity to nearest ASHRAE weather station, 
including 99% design conditions (left) and 99.6% design conditions (right). Colors of subregions correlate with design 
heating conditions. Numbers displayed on map correspond to weather station IDs listed in Table 2. 

 

3.3 Heating Load Calculations 

Arup then estimated each parcel’s heating design load by compiling several elements including envelope 

conduction, infiltration, and ventilation-based loads. 



Bay Area Air District Air District Small Furnace Study 

    November 26, 2025 | Arup Americas Inc. Air District Small Furnace Study - Findings Report Page 6 
 

3.3.1 Heating Load Calculation Summary 

The following flowchart summarizes the data sources and heating load components (and their respective data 

sources) used for this study. Details on individual components of these calculations are provided in subsequent 

sections. 

 

 

Figure 2: Heating load calculation framework including sources of calculation inputs. 

3.3.2 Building Geometry Assumptions 

Arup derived each parcel’s gross floor area and height either through direct use of parcel data or derived via 

methods described in Table 3. Given that the parcel databases did not provide insight into building orientation or 

shape, each parcel was assumed to adhere to a 2:1 horizontal aspect ratio. 

3.3.3 Envelope Conduction Heating Loads 

Arup estimated each parcel’s envelope insulation values by comparing the parcel’s known building category and 

vintage3 to envelope trends from NREL’s ComStock and ResStock databases.4 Bay Area parcels were broadly 

categorized into the following types to correlate with these databases: 

 

 

 

 

 

 

 

3 For envelope insulation data extraction, vintages were bucketed into pre-1980, 1980-1999, and Post-2000. 

4 ComStock Version 2025.2 published August 2025; ResStock Version 2025.1 published October 2025 

https://comstock.nrel.gov/page/datasets
https://resstock.nrel.gov/datasets
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Table 3: ComStock and ResStock building categories used to inform envelope properties in Bay Area parcel heating load 
estimates 

NREL Database Building Categories 

ComStock  

(Commercial buildings) 
• Education 

• Food Service 

• Healthcare 

• Lodging 

• Mercantile 

• Office 

• Warehouse & Storage 

ResStock 

(Residential buildings) 
• Single-Family Attached 

• Single-Family Detached 

• Multi-Family with 2-4 units 

• Multi-Family with 5+ units 

 

The weighted-average5 window, roof, wall, and ground-contact floor insulation values for a given building 

category and vintage were extracted for all ComStock and ResStock parcels that fall within the nine county Bay 

Area region; these attributes were applied to parcels based on correlating category and vintage. The envelope 

conduction-based heating load was then estimated using steady-state heat balance equations using the known 

insulation levels and temperature differential between indoors and outdoors (described previously in Section 

3.2). 

3.3.4 Envelope Infiltration Heating Loads 

The design infiltration rate was assumed to correlate with building vintage per the following values, derived 

from guidelines ASHRAE Handbook of Fundamentals 2009 6 for “leaky” vs. “airtight” buildings. 

• Pre-1980 buildings: 0.6 cfm infiltration per ft2 façade @ 75 Pa pressure differential (ASHRAE-

recommended assumption for “leaky” buildings) 

• 1980-1999 buildings: 0.35 cfm infiltration per ft2 façade @ 75 Pa pressure differential (average of the 

ASHRAE-recommended assumptions for “leaky” and “airtight” buildings) 

• Post-2000 buildings: 0.1 cfm infiltration per ft2 façade @ 75 Pa pressure differential (ASHRAE-

recommended assumption for “airtight” buildings) 

The infiltration values listed above are reflective of a pressurized condition (75 Pa). All infiltration values were 

converted to typical operating pressure differential (4 Pa) using ASHRAE pressure conversion formulas. These 

values were used to estimate total rate of infiltration airflow using known building envelope areas, and 

subsequently, the infiltration-based heating load using the temperature differential between indoors and outdoors 

(described previously in Section 3.2). 

3.3.5 Ventilation-Based Heating Loads 

Each parcel’s ventilation rate was estimated via ASHRAE guidelines for ventilation per area and per occupant, 

with trends obtained from ASHRAE Standard 62.1 Table 6.2.2.1 (for commercial building types) and ASHRAE 

Standard 62.2 Section 4.4 (for multifamily residential building types). Single-family residential buildings were 

 

5 Envelope attributes were extracted from ComStock and ResStock per vintage and building category, with total modeled area serving as the weighting 

mechanism. 

6 These infiltration rate guidelines remain consistent across all recent versions of ASHRAE Handbook of Fundamentals, including Version 2009 (Chapter 

16.25) though Version 2021 (Chapter 16.26). 
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assumed to not have requirements for central ventilation, so there was no ventilation-based heating load assumed 

for these buildings.7 

3.3.6 Additional Heating Load Assumptions and Exclusions 

Arup applied a 1.1 multiplier to all heating loads to account for heating losses through ductwork distribution, 

applying the value used in the ASHRAE Heat Balance Method standard template. 

A multiplier of 1.25 was applied to all heating loads to represent standard engineering safety factors for design 

loads. 

The following elements were excluded from consideration when estimating building heating loads per typical 

HVAC design practice: 

• Solar gains 

• Internal gains (heat emitted from lights, people, or indoor equipment) 

• Additional HVAC losses beside 1.1 duct leakage multiplier 

• Heat recovery opportunities 

 

3.4 Assessment of Gas Furnace Prevalence 

Once whole-building heating loads were estimated for each parcel using the methods described previously, Arup 

estimated the prevalence of gas furnaces on a building type- and county-basis using ResStock and ComStock 

trends. These trends are summarized in the following tables. The trends indicate that fossil fuel furnaces are the 

predominant heating type across Bay Area single-family residential buildings, as well as select commercial 

building types. 

  

 

7 Single-family residential building heating loads were estimated to correlate with envelope conduction and infiltration only. While many such buildings 

may indeed have central air distribution to provide heating, we assume that this airflow is not driven by a need for outside air ventilation. 
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Table 4: ResStock residential building heating system trends by building type and county (used to estimate prevalence of 
gas furnaces for this study). Percentages are on the basis of total floor area across each county’s building stock. 

 
“Fossil Fuel Other” includes non-furnace heating systems such as radiators, baseboard heaters, shared heating systems across multi-family, etc. 
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Table 5: Commercial building heating system trends by building type and county (used to estimate prevalence of fossil fuel 
furnaces for this study). 

 

 

3.5 Estimating Prevalence of Small Furnaces in Large Buildings 

Generally, Rule 9-4 targets natural gas-fired furnaces.  Previous standards within Rule 9-4 were specific to 

furnaces with a heating capacity of 175,000 Btu/hr or less. For instructive purposes to understand the differences 
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between the more general and size-specific definitions present in the rule, Arup estimated both total natural gas- 

fired furnaces as well as those that fall within the previous definition. For simple building types (such as single-

family homes), Arup assumed that a whole-building heating load that exceeds this amount would likely correlate 

to a single furnace whose capacity correspondingly exceeds the 175,000 Btu/hr threshold. However, some large 

buildings whose total heating load exceeds 175,000 Btu/h are likely to have at least one small furnace present 

(such as “big box” retail stores whose heating load is handled by several distributed rooftop units rather than one 

singular heating component). These buildings would thus be subject to the previous definition of Rule 9-4. 

Across Trane, York, and other major RTU manufacturers, RTUs under 5 tons are designed for light commercial 

use and almost never include more than one exhaust fan. To estimate the share of large commercial buildings 

where such small furnaces are present, Arup conducted a survey of aerial images with 68 building rooftops being 

assessed. This feature can be visibly identified from aerial imagery, making this designation useful for our 

analysis of aerial imagery. Multi-exhaust configurations are typically reserved for larger units (≥7.5 tons) due to 

higher airflow demands and complex ventilation zoning. For the purpose of this aerial imagery assessment, 5-ton 

RTUs (determined by recognizing 1 visible exhaust fan) are assumed to be sufficiently small as to be subject to 

the previous definition of Rule 9-4. 

Of the 68 large commercial buildings assessed, 80% of these were determined to have at least 1 small RTU. 

Accordingly, 80% of all buildings in the “Mercantile” category whose whole-building heating load were deemed 

to exceed 175,000 Btu/h are assumed to have at least 1 small furnace present. It should be noted that some single 

exhaust RTUs have internal gas-fired coils exceeding the 175,000 Btu/hr and therefore the 80% prevalence 

represents an upper bound of likely impacted properties in Arup’s estimation. 

4. Results 

The results of Arup’s heating load calculation exercise, and summary of estimated building counts for Rule 9-4 

applicability, are summarized in the following figures and tables. 

4.1 Heating Load Distribution 

 The following figures summarize the derived heating loads for Bay Area buildings. 

 

Figure 3: Trends for derived normalized heating load (Btu/h/sf) across all Bay Area parcels assessed in this study. 
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Figure 4: Heating load distribution curves for Residential parcels (left) and Commercial parcels (right). 

 

 

4.2 Quantity of Rule 9-4 Affected Buildings by Building Type and County 

The following tables summarize the estimated counts of buildings subject to Rule 9-4 based on furnace size 

thresholds, by building category and county. Due to the level of detail for parcel use type in some counties, some 

categories may show zero buildings because those buildings are included in a generic commercial or non-taxable 

category.
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Table 6: Commercial building results summary by building type and county. Estimated fossil fuel furnace counts are shown in highlighted columns, providing insight 
into 2 potential interpretations of Rule 9-4 applicability: trends for buildings with fossil fuel furnaces of any capacity, and trends for buildings with fossil fuel furnaces 
of capacities less than 175,000 Btu/h only. 

      Statistics on small fossil fuel furnaces (<175,000 Btuh capacity) 

Building 

Type 
County Qty. 

Buildings 
Average 

Building Area 

(ft2) 

% of Buildings 

with Fossil 

Fuel Furnaces 

Estimated Qty. Buildings 

with Fossil Fuel 

Furnaces, Any Capacity 

Fossil Fuel Furnace-Heated 

Buildings with Total Building 

Heating Load <175k Btuh 

Fossil Fuel Furnace-Heated 

Buildings With Total Building 

Heating Load >175k Btuh 

% of Large Buildings 

Assumed to Have at Least 1 

Small Fossil Fuel Furnace 

Estimated Qty. Buildings 

with Fossil Fuel Furnaces 

of <175,000Btuh Capacity 

Education Alameda 580 22,349 42% 244 43 200 0% 43 

Contra Costa 2,653 25,567 41% 1,096 280 815 0% 280 

Marin 0 N/A 55% 0 0 0 0% 0 

Napa 0 N/A 45% 0 0 0 0% 0 

San Francisco 127 50,794 44% 56 6 50 0% 6 

San Mateo 1,804 29,003 54% 975 243 732 0% 243 

Santa Clara 2,146 26,484 36% 763 157 606 0% 157 

Solano 277 18,391 38% 105 28 77 0% 28 

Sonoma 1,883 19,617 54% 1,008 242 765 0% 242 

All Counties 9,470 25,178 45% 4,247 1,000 3,246 0% 1,000 

Food Service Alameda 643 10,696 76% 490 42 448 0% 42 

Contra Costa 342 9,957 50% 171 17 153 0% 17 

Marin 0 N/A 95% 0 0 0 0% 0 

Napa 76 32,512 9% 7 1 5 0% 1 

San Francisco 0 N/A 38% 0 0 0 0% 0 

San Mateo 327 10,384 21% 68 8 60 0% 8 

Santa Clara 0 N/A 64% 0 0 0 0% 0 

Solano 290 11,001 85% 247 14 234 0% 14 

Sonoma 460 13,773 61% 280 29 252 0% 29 

All Counties 2,138 12,009 59% 1,264 111 1,153 0% 111 

Healthcare Alameda 871 24,272 34% 293 24 268 0% 24 

Contra Costa 452 29,861 30% 137 12 124 0% 12 

Marin 0 N/A 65% 0 0 0 0% 0 

Napa 54 18,060 11% 6 1 5 0% 1 

San Francisco 41 112,478 36% 15 1 14 0% 1 

San Mateo 91 59,161 42% 38 6 32 0% 6 

Santa Clara 379 52,020 45% 171 39 132 0% 39 

Solano 739 22,925 37% 276 18 258 0% 18 

Sonoma 577 21,696 32% 187 26 161 0% 26 

All Counties 3,204 29,583 35% 1,121 126 995 0% 126 

Lodging Alameda 436 30,446 15% 63 15 48 0% 15 

Contra Costa 748 10,820 32% 243 103 140 0% 103 

Marin 0 N/A 33% 0 0 0 0% 0 

Napa 770 9,935 6% 44 23 21 0% 23 

San Francisco 683 44,322 15% 103 21 82 0% 21 

San Mateo 542 29,418 6% 33 10 23 0% 10 

Santa Clara 458 24,074 39% 177 66 111 0% 66 

Solano 120 25,851 5% 6 1 4 0% 1 

Sonoma 369 17,088 25% 91 28 63 0% 28 

All Counties 4,126 23,186 18% 759 267 492 0% 267 
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Table 6 (continued). Commercial building results summary by building type and county. Estimated fossil fuel furnace counts are shown in highlighted columns, 
providing insight into 2 potential interpretations of Rule 9-4 applicability: trends for buildings with fossil fuel furnaces of any capacity, and trends for buildings with 
fossil fuel furnaces of capacities less than 175,000 Btu/h only. 

      Statistics on small fossil fuel furnaces (<175,000 Btuh capacity) 

Building 

Type 

County Qty. 

Buildings 

Average 

Building Area 

(ft2) 

% of Buildings 

with Fossil Fuel 

Furnaces 

Estimated Qty. Buildings 

with Fossil Fuel Furnaces, 

Any Capacity 

Fossil Fuel Furnace-Heated 

Buildings with Total Building 

Heating Load <175k Btuh 

Fossil Fuel Furnace-Heated 

Buildings With Total Building 

Heating Load >175k Btuh 

% of Large Buildings 

Assumed to Have at Least 1 

Small Fossil Fuel Furnace 

Estimated Qty. Buildings 

with Fossil Fuel Furnaces of 

<175,000Btuh Capacity 

Mercantile Alameda 9,280 24,511 44% 4,102 1,151 2,951 80% 3,512 

Contra Costa 4,947 26,685 81% 4,002 1,031 2,971 80% 3,408 

Marin 3,780 15,783 48% 1,833 1,092 741 80% 1,684 

Napa 166 44,384 70% 116 13 103 80% 95 

San Francisco 6,389 12,629 90% 5,742 3,560 2,182 80% 5,305 

San Mateo 4,743 26,076 20% 956 368 588 80% 839 

Santa Clara 11,728 28,170 48% 5,602 1,316 4,287 80% 4,745 

Solano 2,173 19,408 40% 876 346 529 80% 770 

Sonoma 4,913 17,678 63% 3,095 978 2,118 80% 2,672 

All Counties 48,119 22,658 55% 26,324 9,854 16,470 80% 23,030 

Office Alameda 11,661 24,314 44% 5,115 1,975 3,140 0% 1,975 

Contra Costa 5,315 18,257 37% 1,967 906 1,061 0% 906 

Marin 4,041 15,837 21% 862 377 485 0% 377 

Napa 123 15,943 59% 73 18 55 0% 18 

San Francisco 3,085 42,047 41% 1,259 681 578 0% 681 

San Mateo 2,087 32,889 43% 895 275 620 0% 275 

Santa Clara 6,776 30,657 51% 3,450 1,148 2,302 0% 1,148 

Solano 5,275 19,492 2% 116 38 78 0% 38 

Sonoma 2,442 16,046 55% 1,337 459 878 0% 459 

All Counties 40,805 24,375 37% 15,075 5,877 9,198 0% 5,877 

Warehouse & 

Storage 

Alameda 8,923 61,903 45% 4,017 980 3,037 0% 980 

Contra Costa 5,008 31,121 3% 157 53 104 0% 53 

Marin 671 20,658 79% 529 173 355 0% 173 

Napa 693 71,039 56% 391 92 298 0% 92 

San Francisco 2,287 22,541 36% 816 371 445 0% 371 

San Mateo 3,600 34,485 8% 277 100 176 0% 100 

Santa Clara 8,923 52,624 66% 5,859 1,511 4,348 0% 1,511 

Solano 2,719 52,522 47% 1,267 312 955 0% 312 

Sonoma 3,570 27,917 25% 876 259 617 0% 259 

All Counties 36,394 45,585 39% 14,188 3,851 10,336 0% 3,851 
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Table 7: Residential building results summary by building type and county. Estimated fossil fuel furnace counts are shown in highlighted columns, providing insight 
into 2 potential interpretations of Rule 9-4 applicability: trends for buildings with fossil fuel furnaces of any capacity, and trends for buildings with fossil fuel furnaces 
of capacities less than 175,000 Btu/h only. 

      Statistics on small fossil fuel furnaces (<175,000 Btuh capacity) 

Building 

Type 

County Qty. 

Buildings 

Average Building 

Area (ft2) 

% of Buildings 

with Fossil 

Fuel Furnaces 

Estimated Qty. Buildings 

with Fossil Fuel 

Furnaces, Any Capacity 

Fossil Fuel Furnace-Heated 

Buildings with Total Building 

Heating Load <175k Btuh 

Fossil Fuel Furnace-Heated 

Buildings With Total Building 

Heating Load >175k Btuh 

% of Large Buildings 

Assumed to Have at Least 1 

Small Fossil Fuel Furnace 

Estimated Qty. Buildings 

with Fossil Fuel Furnaces 

of <175,000Btuh Capacity 

Multi-Family  

2-4 units 

Alameda 42,267 5,375 28% 11,885 11,885 * 0 * N/A 11,885 

Contra Costa 2,625 4,597 31% 803 803 * 0 * N/A 803 

Marin 0 N/A 29% 0 0 * 0 * N/A 0 

Napa 426 3,904 35% 151 151 * 0 * N/A 151 

San Francisco 11,569 2,661 29% 3,359 3,359 * 0 * N/A 3,359 

San Mateo 2,626 4,705 28% 731 731 * 0 * N/A 731 

Santa Clara 54,632 6,111 33% 18,132 18,132 * 0 * N/A 18,132 

Solano 11 5,406 24% 3 3 * 0 * N/A 3 

Sonoma 3,336 4,520 36% 1,197 1,197 * 0 * N/A 1,197 

All Counties 117,492 5,388 31% 36,260 36,260 * 0 * N/A 36,260 

Multi-Family  

5+ units 

Alameda 2,638 13,744 23% 613 613 * 0 * N/A 613 

Contra Costa 9,827 9,779 24% 2,333 2,333 * 0 * N/A 2,333 

Marin 18 4,296 21% 4 4 * 0 * N/A 4 

Napa 207 13,589 20% 41 41 * 0 * N/A 41 

San Francisco 18,965 11,110 17% 3,291 3,291 * 0 * N/A 3,291 

San Mateo 6,689 12,946 20% 1,325 1,325 * 0 * N/A 1,325 

Santa Clara 40,099 5,709 18% 7,204 7,204 * 0 * N/A 7,204 

Solano 1,152 8,895 27% 314 314 * 0 * N/A 314 

Sonoma 7,878 7,890 25% 1,996 1,996 * 0 * N/A 1,996 

All Counties 87,473 8,390 20% 17,120 17,120 * 0 * N/A 17,120 

Single-Family 

Attached 

Alameda 14,369 1,839 77% 11,065 11,065 0 0% 11,065 

Contra Costa 279 1,833 68% 190 190 1 0% 190 

Marin 0 N/A 67% 0 0 0 0% 0 

Napa 45 3,183 65% 29 29 0 0% 29 

San Francisco 16,846 3,229 79% 13,346 13,346 0 0% 13,346 

San Mateo 6,162 3,057 80% 4,956 4,956 0 0% 4,956 

Santa Clara 1 1,875 65% 1 1 0 0% 1 

Solano 17 2,550 80% 14 14 0 0% 14 

Sonoma 14,192 2,401 71% 10,098 10,098 1 0% 10,098 

All Counties 51,911 2,590 76% 39,699 39,697 1 0% 39,697 

Single-Family 

Detached 

Alameda 351,931 2,949 82% 287,965 287,965 0 0% 287,965 

Contra Costa 345,019 3,243 76% 261,539 261,402 136 0% 261,402 

Marin 85,672 3,040 82% 69,950 69,950 0 0% 69,950 

Napa 55,254 3,055 79% 43,416 43,416 0 0% 43,416 

San Francisco 94,213 1,893 82% 77,560 77,544 16 0% 77,544 

San Mateo 180,047 2,885 80% 143,343 143,336 7 0% 143,336 

Santa Clara 389,493 3,266 81% 314,578 314,578 0 0% 314,578 

Solano 140,271 3,127 78% 109,544 109,460 84 0% 109,460 

Sonoma 169,191 2,976 81% 137,686 137,602 84 0% 137,602 

All Counties 1,811,091 3,036 80% 1,445,580 1,445,253 327 0% 1,445,253 

 

*This analysis considers fossil fuel furnace trends differently for multi-family residential buildings in comparison to other building types. In the multi-family context, buildings heated via fossil fuel furnaces are assumed to have a single 

furnace per dwelling unit, with any such single-unit furnaces being sized below the 175,000 Btu/h threshold in Rule 9-4 criteria, based on observed trends in NREL’s ResStock database. Thus, all multi-family residential buildings deemed to 

be heated via fossil fuel furnaces are assumed to be subject to Rule 9-4, due to the presence of furnaces with relatively small thermal capacity. This differs from the assumption of large commercial buildings, which may contain large 

centralized fossil fuel furnaces that are sufficiently large as to avoid Rule 9-4 application. See Section 4.3 for an estimate on quantity of individual furnaces subject to Rule 9-4 within such buildings.
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Table 8: Summary of fossil fuel furnace trends to inform Rule 9-4 applicability (all counties combined). Results are 
presented according to two potential interpretations of Rule 9-4 applicability: trends for buildings with fossil fuel furnaces 
of any capacity, and trends for buildings with fossil fuel furnaces of capacities less than 175,000 Btu/h only. 

  

Fossil Fuel Furnace Estimates,  

All Capacities 

Fossil Fuel Furnace Estimates,  

<175,000 Btuh Capacity 

Building Type Total Buildings Qty. Buildings % of Buildings Qty. Buildings % of Buildings 

Education 9,470 4,247 45% 1,000 11% 

Food Service 2,138 1,264 59% 111 5% 

Healthcare 3,204 1,121 35% 126 4% 

Lodging 4,126 759 18% 267 6% 

Mercantile 48,119 26,324 55% 23,030 48% 

Multi-Family with 2 - 4 

Units 
117,492 36,260 31% 33,484 28% 

Multi-Family with 5+ Units 87,473 17,120 20% 14,522 17% 

Office 40,805 15,075 37% 5,877 14% 

Single-Family Attached 51,911 39,699 76% 39,697 76% 

Single-Family Detached 1,811,091 1,445,580 80% 1,445,253 80% 

Warehouse and Storage 36,394 14,188 39% 3,851 11% 

Total 2,212,223 1,601,637 72% 1,567,219 71% 
 

4.3 Multi-Family Residential Furnace Counts 

This analysis considers fossil fuel furnace trends differently for multi-family residential buildings in comparison 

to other building types. In the multi-family context, buildings heated via fossil fuel furnaces are assumed to have 

a single furnace per dwelling unit, with any such single-unit furnaces being sized below the 175,000 Btu/h 

threshold in Rule 9-4 criteria, based on observed trends in NREL’s ResStock database. Thus, all multi-family 

residential buildings deemed to be heated via fossil fuel furnaces are assumed to be subject to Rule 9-4, due to 

the presence of furnaces with relatively small thermal capacity. This differs from the assumption of large 

commercial buildings, which may contain large centralized fossil fuel furnaces that are sufficiently large as to 

avoid Rule 9-4 applicability.  

To estimate the quantity of individual furnaces in multi-family housing dwelling units, Arup considered the 

average dwelling unit size for apartments based on ResStock trends for Bay Area counties, and applied a 

multiplier to account for lobby, circulation, and support area. The basis of this multiplier is an assumption of a 

75% building area efficiency ratio for multi-family buildings.8 The resulting average dwelling unit size was 

compared to the known quantity and average total area of multi-family buildings, resulting in an estimate for 

total quantity of individual dwelling unit furnaces per the logic in the following equation. 

Estimated quantity of 
Rule 9-4 affected 
furnaces in multi-

family housing 

= 

Total quantity of 
multi-family 

buildings in Bay 
Area counties 

x 

Share of Bay Area multi-family 
housing assumed to be heated 

via fossil fuel furnaces in 
individual dwelling units (non-
centralized heating systems). 

x 
Average assumed dwelling 

units per building 

 

  

As displayed in Table 7.  Based on county-specific trends for furnace 
prevalence as summarized in Table 7.  

 Divide average total building area (as 
displayed in Table 7) by the assumed average 
dwelling unit size (based on ResStock trends), 
while considering a GFA markup to account for 
circulation, lobby, and support space (assume 

75% building area efficiency) 

Figure 5: Method for estimating quantity of Rule 9-4 affected furnaces in individual dwelling units across multi-family 
residential buildings.  

 

 

8 “Building area efficiency ratio” represents the share of total multifamily building area comprised of dwelling unit space, with the remainder comprising 

circulation, lobby, utility spaces, etc. The value of 75% is derived from typical rules-of-thumb and industry sources. 
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Table 9: Estimated quantity of individual dwelling unit furnaces subject to Rule 9-4 across multi-family residential buildings 

Multi-Family 

Building Type 

Total Buildings With 

Fossil Fuel Furnaces (All 

Bay Area Counties) 

Average 

Building Size 

(sf) 9 

Assumed Average 

Unit Size (sf) 10 

Average Units / 

Building 11 

Resulting Estimate for Qty. 

Furnaces 

Multi-Family  

2 - 4 Units 

36,260 5,388 1,411 3.8 138,476 

Multi-Family  
5+ Units 

17,120 8,390 1,115 7.5 128,862 

    
Total: 267,338 

 

4.4 Spatial Visualization 

Results for the Rule 9-4 analysis are displayed in the maps below, with color indicating the prevalence of 

buildings with fossil fuel furnaces. Results have been aggregated by city (the most granular geographical 

boundary available in building geospatial data). 

Maps are provided for the 2 interpretations of Rule 9-4 applicability discussed previously: trends for buildings 

with fossil fuel furnaces of capacities less than 175,000 Btu/h only (Section 4.4.1), and trends for buildings with 

fossil fuel furnaces of any capacity (Section 4.4.2). 

  

 

9 As displayed in Table 7. 

10 Per ResStock trends for Bay Area buildings, the average dwelling unit size in small multi-family buildings (2-4 units) is 1,058sf, while the average unit 

size in large multi-family buildings (5+ units) is 836sf. These values were increased according to an assumed 75% building area efficiency ratio to derive 

an “effective dwelling unit size” that accounts for circulation, lobby, and other miscellaneous space. 

11 Average units per building derived via dividing average total building size by average effective dwelling unit size. 
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4.4.1 Heat maps for share of buildings with fossil fuel furnaces with capacities less than 175,000 Btu/h 

only 

 

Figure 6: Share of Commercial Parcels with Furnaces Subject to Rule 9-4 by City (<175,000 Btu/h capacity interpretation) 
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Figure 7: Share of Residential Parcels with Furnaces Subject to Rule 9-4 by City (<175,000 Btu/h capacity interpretation) 
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4.4.2 Heat maps for share of buildings with fossil fuel furnaces of any capacity 

 

Figure 8: Share of Commercial Parcels with Furnaces Subject to Rule 9-4 by City (all-capacity furnace interpretation) 
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Figure 9: Share of Residential Parcels with Furnaces Subject to Rule 9-4 by City (all-capacity furnace interpretation) 

 


