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Appendix D – Greenhouse Gas Reduction 

Supporting Material 
To address the local emissions gap within the City of Costa Mesa (City or Costa Mesa) and 

achieve the action and adaptation goals for 2030 and 2045, a suite of 8 sectors, 23 objectives, 

and 106 actions were identified. Where possible, greenhouse gas (GHG) emissions reductions 

were quantified using industry-standard methods and assumptions, as outlined below. Some 

actions were not quantified in the Climate Action and Adaptation Plan due to limitations in 

data availability or calculation methodologies. However, future improvements in data and 

methods may enable the quantification of these actions at a later date. This appendix 

discusses only those objectives and actions for which emissions reductions have been 

quantified. 

On-Road Transportation 

The methodology and assumptions for estimating emissions reductions from the on-road 

transportation sector are provided below for all objectives and quantified actions, as 

appropriate. Except for Objective T1 (Transition to Electric Vehicles (EVs), the GHG reductions 

associated with the on-road transportation actions were estimated using the associated 

vehicle miles traveled (VMT) reductions. VMT reductions were quantified using the projected 

VMT estimates in conjunction with calculation methodologies detailed in the California Air 

Pollution Control Officers Association (CAPCOA) Handbook for Analyzing Greenhouse Gas 

Emission Reductions, Assessing Climate Vulnerabilities, and Advancing Health and Equity 

report,1 which provides a statewide standard for quantifying VMT and GHG reductions from 

general mitigation strategies. A weighted average emissions factor calculated using 

EMFAC2025 was then applied to the reduced VMT to estimate total GHG emissions reductions 

for 2030 and 2045. Duplicative dampening was calculated using TDM+, a tool developed by 

Fehr & Peers that leverages regional data to estimate percent reductions in VMT from 

mitigation measures while accounting for decreased effectiveness when similar measures are 

implemented together. Relevant assumptions used are provided below by objective 

and action. 

 
1  California Air Pollution Control Officers Association (CAPCOA). 2024. Handbook for Analyzing Greenhouse Gas 

Emission Reductions, Assessing Climate Vulnerabilities, and Advancing Health and Equity. October 2024. 

https://www.caleemod.com/documents/handbook/full_handbook.pdf. 
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T1: Transition to Electric Vehicles 

The goal of Objective T1 is to encourage the community to transition to EVs. Collectively, the 

actions to support Objective T1 are anticipated to facilitate and encourage car owners in 

Costa Mesa to transition to EVs, increasing the total amount of vehicles in Costa Mesa that are 

zero-emission vehicles (ZEVs) to 25% by 2030 and 30% by 2045. To estimate the ZEV portion of 

the fleet under this objective, the ZEV performance goals for each future year were applied to 

the total citywide VMT apportioned to battery EVs and plug-in hybrid electric vehicles (PHEVs) 

based on the projected ratios from EMFAC2021 and EMFAC2025. Emission factors for battery 

EVs and PHEVs were estimated for future years and account for the increasing renewables in 

the carbon intensity of the local electricity provider (Southern California Edison). The average 

GHG emission factor for non-EVs was calculated in terms of carbon dioxide equivalent (CO2e) 

per mile using EMFAC2021 and EMFAC2025. The GHG emissions reduction was then estimated 

for each analysis year by determining the GHG benefit of shifting VMT from non-EVs to ZEVs.  

The percentage of PHEVs and battery EVs was obtained using an average portion for Orange 

County in EMFAC2021 and EMFAC2025. The Costa Mesa VMT was provided by Fehr & Peers, 

consistent with the adjusted business-as-usual (ABAU) forecasts for 2030 and 2045.2 The 

percentage of PHEV miles in electric mode was consistent with findings from the California Air 

Resources Board Advanced Clean Cars Mid-Term Report, which indicates that PHEV owners 

can reach 80% electric VMT with access to adequate supportive charging infrastructure.3 The 

fuel efficiency of a PHEV in gasoline mode was calculated as 66.7% of the fuel consumption 

rate of a gasoline vehicle, based on the assumption that a gasoline hybrid vehicle has 50% 

higher fuel economy than a comparable gasoline vehicle, based on a comparison of the 

gasoline and hybrid Toyota Camry and Corolla models.4 Energy efficiency of EVs in electric 

mode was scaled from a light-duty automobile gasoline equivalent fuel economy of 30.3 miles 

per gallon,5 an energy efficiency ratio of 2.5,6 and an assumption of 33.7 kilowatt-hours (kWh) 

of electricity per gallon of gasoline.4 

 
2  Fehr & Peers. 2026. “Costa Mesa Climate Action Plan VMT Methodology Memorandum.” 
3  California Air Resources Board (CARB). 2017. California’s Advanced Clean Cars Midterm Review. January 18, 

2017. https://ww2.arb.ca.gov/sites/default/files/2020-01/ACC%20MTR%20Summary_Ac.pdf. 
4  U.S. Department of Energy. 2021. “Download Fuel Economy Data.” January 2021. 

https://www.fueleconomy.gov/feg/download.shtml.  
5  CARB. 2020. EMFAC2017 v1.0.3. August 2020. https://arb.ca.gov/emfac/emissions-inventory. 
6 CARB. 2020. Unofficial Electronic Version of the Low Carbon Fuel Standard Regulation. 

https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  
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T2: Promote Walking and Biking 

The goal of Objective T2 is to encourage the use of alternative modes of travel throughout 

Costa Mesa to reduce VMT. Relevant assumptions used are provided below. 

• VMT reductions related to the installation of enhanced end-of-trip bike facilities were 

calculated using the T-10: Provide End-of-Trip Bicycle Facilities equation provided by 

CAPCOA. The bike mode adjustment factor for facilities with showers, lockers, and bike 

parking was used, which assumes commuters are 4.86 times more likely to commute by 

bike with these amenities.7 The average one-way bicycle and vehicle trip lengths (in 

miles) for the Los Angeles–Long Beach–Anaheim region were assumed for existing 

bicycle and vehicle trip lengths.8 The average bicycle and vehicle mode share for work 

trips in the Los Angeles–Long Beach–Anaheim core-based statistical area were 

assumed for existing bicycle and vehicle mode share for work trips.9 

• VMT reductions related to expanding Costa Mesa’s sidewalk network were calculated 

using the T-18: Provide Pedestrian Network Improvement equation provided by 

CAPCOA, which assumes a 0.05% decrease in vehicle travel occurs for each 1% 

increase in sidewalk to street ratio.10 Land coverage of pedestrian opportunity zones 

was assumed to be 22% of Costa Mesa’s area, as detailed in the City’s Pedestrian 

Master Plan.11 The proportion of vehicle trips in the Pacific region that are less than 0.5 

miles was assumed to be 4%, consistent with National Household Travel Survey data.12 

• VMT reductions related to the construction of new bike facilities were calculated using 

the T-20: Expand Bikeway Network equation provided by CAPCOA. Bicycle and vehicle 

mode share (%) in Costa Mesa was estimated using 2024 American Survey 1-Year 

Estimate data.13 Average one-way bicycle and vehicle trip length (miles per trip) for the 

Los Angeles–-Long Beach–Anaheim core-based statistical area were assumed.14 Existing 

and planned bikeway miles within Costa Mesa were obtained from the Costa Mesa 

Active Transportation Plan.15 GHG reductions assume 15% of proposed bicycle facility 

 
7  Buehler, R. 2012. “Determinants of Bicycle Commuting in the Washington, DC Region: The Role of Bicycle 

Parking, Cyclist Showers, and Free Car Parking at Work.” Transportation Research Part D, 17, 525–531. 

http://www.pedbikeinfo.org/cms/downloads/DeterminantsofBicycleCommuting.pdf. 
8  Federal Highway Administration (FHWA). 2017. “National Household Travel Survey.” 2017 Table Designer. Travel 

Day PT by TRPTRANS by HH_CBSA. https://nhts.ornl.gov/. 
9  FHWA 2017.  
10  Frank, L., M. Greenwald, S. Kavage, and A. Devlin. 2011. An Assessment of Urban Form and Pedestrian and 

Transit Improvements as an Integrated GHG Reduction Strategy. WSDOT Research Report WA-RD 765.1, 

Washington State Department of Transportation. April 2011. 

www.wsdot.wa.gov/research/reports/fullreports/765.1.pdf. 
11  City of Costa Mesa. 2024. Pedestrian Master Plan. Accessed May 2026. 

https://www.costamesaca.gov/home/showpublisheddocument/57278/638548232589530000.  
12  U.S. Department of Transportation and FHWA. 2022. National Household Travel Survey (NHTS), Version 2.1. 

https://nhts.ornl.gov. 
13  U.S. Census Bureau and U.S. Department of Commerce. "Commuting Characteristics by Sex." 2024. American 

Community Survey, 2024: ACS 1-Year Estimates Subject Tables, Table S0801. Accessed May 2026. 

https://data.census.gov/table?q=S0801:+Commuting+Characteristics+by+Sex&g=160XX00US0616532. 
14  FHWA 2017.  
15  City of Costa Mesa. 2018. Active Transportation Plan. April 2018. 

http://ftp.costamesaca.gov/costamesaca/council/agenda/2018/2018-06-05/PH-3-Attach-3.pdf. 
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length in Costa Mesa by 2030 (approximately 8 miles) and 50% by 2045 (approximately 

27 miles) from the Active Transportation Plan. 

T3: Reduce Single-Occupancy Vehicle Trips 

The goal of Objective T3 is to encourage the use of shared vehicles and transition away from 

long-distance single-occupancy vehicles. Relevant assumptions used are provided below. 

• VMT reductions related to a voluntary citywide commute trip reduction program were 

calculated using the T-5: Implement Commute Trip Reduction Program (Voluntary) 

equation provided by CAPCOA. Reductions are based on the goal of providing 

voluntary commute trip reduction programs for 2% of employees in Costa Mesa. A 4% 

reduction in commute VMT from eligible employees was assumed per CAPCOA.16  

• VMT reductions related to educating commuters on travel options to reduce trips were 

calculated using the T-7: Implement Commute Trip Reduction Marketing equation 

provided by CAPCOA. Reductions are based on the goal of implementing commute 

trip reduction marketing that targets 2% of employees in Costa Mesa. A 4% reduction in 

employee commute vehicle trips was assumed per CAPCOA.17 

• VMT reductions related to an employer program to facilitate ridesharing were 

calculated using the T-8: Provide Ridesharing Program equation provided by CAPCOA. 

For the rideshare program, the reduction in employee commute VMT was assumed to 

be 4%, consistent with the suburban place type default provided by the San Diego 

Association of Governments.18 Reductions are based on the goal of providing the 

rideshare program for 2% of employees in Costa Mesa. 

T4: Increase Public Transportation Use 

The goal of Objective T4 is to improve Costa Mesa’s public transit to encourage transit use and 

decrease vehicle trips. Relevant assumptions used are provided below. 

• VMT reductions resulting from the enhancement of school bus programs were 

calculated using the T-40: Establish a School Bus Program equation provided by 

CAPCOA. Because the City does not have direct control over school bus operations, a 

conservative reduction was assumed to reflect a collaborative approach with the 

school district. The percentage of student school bus mode share was obtained from 

 
16  Boarnet, M., H. Hsu, and S. Handy. 2014. Impacts of Employer-Based Trip Reduction Programs and Vanpools on 

Passenger Vehicle Use and Greenhouse Gas Emissions. September 2014. Available: 

https://ww2.arb.ca.gov/sites/default/files/2020-06/Impacts_of_Employer-

Based_Trip_Reduction_Programs_and_Vanpools_on_Passenger_Vehicle_Use_and_Greenhouse_Gas_Emissions_T

echnical_Background_Document.pdf  
17  Transportation Research Board (TRB). 2010. “Chapter 19, Employer and Institutional TDM Strategies.” In Traveler 

Response to Transportation System Changes Handbook, Third Edition. June 2010. 

http://www.trb.org/Publications/Blurbs/163781.aspx. 
18  San Diego Association of Governments (SANDAG). 2019. Mobility Management VMT Reduction Calculator 

Tool–Design Document. June 2019. https://www.icommutesd.com/docs/defaultsource/planning/tool-design-

document_final_7-17-19.pdf?sfvrsn=ec39eb3b_2.  
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the Costa Mesa Safe Routes to School Modal Tally data.19 The average distance to 

school was assumed to be 4.14 miles (round trip), consistent with National Household 

Travel Survey data.20 The percentage of the population enrolled in a K–12 public 

school was assumed to be 14.9%, estimated using 2024 American Survey 1-Year 

Estimate data.21 

• VMT reductions resulting from expanding local transit coverage were calculated using 

the T-25: Extend Transit Network Coverage or Hours equation provided by CAPCOA. 

Because the City does not have direct control over OC Bus operations, a conservative 

reduction is based on the goal of increasing transit route coverage in Costa Mesa by 

10% (6.2 miles). CAPCOA default assumptions for elasticity of transit demand22 and 

statewide mode shift factor23 were assumed. Total existing transit service miles in Costa 

Mesa were obtained from the Orange County Transportation Authority (OCTA) GIS 

Open Data Portal.24 

• VMT reductions resulting from increased transit frequency were calculated using the T-

26: Increase Transit Service Frequency equation provided by CAPCOA. Reductions are 

based on the goal of increasing transit frequency by 20% across 50% of route/service 

hours. The CAPCOA default assumption for elasticity of transit demand25 was assumed. 

Transit and vehicle commute mode share (%) in Costa Mesa was estimated using 2024 

American Survey 1-Year Estimate data,26 and statewide mode shift factor was provided 

by the Federal Highway Administration.27 

• VMT reductions resulting from roadway improvements to improve transit service and 

reliability were calculated using the T-27: Implement Transit-Supportive Roadway 

Treatments equation provided by CAPCOA. Reductions are based on the goal of 

implementing roadway improvements to 15% of transit routes throughout Costa Mesa. 

CAPCOA default assumptions for change in transit travel time, elasticity of ridership,28 

and statewide mode shift factor29 were assumed. The percentage of transit and vehicle 

mode share in Costa Mesa were based on the 2024 American Survey 1-Year 

Estimate data.30 

 
19  City of Costa Mesa. Safe Routes to School Student Modal Tally. December 18, 2025.  
20  U.S. Department of Transportation and FHWA 2022.  
21  U.S. Census Bureau and U.S. Department of Commerce 2024.  
22  Handy, S., K. Lovejoy, M. Boarnet, and S. Spears. 2013. “Impacts of Transit Service Strategies on Passenger 

Vehicle Use and Greenhouse Gas Emissions.” October 2013. https://ww2.arb.ca.gov/sites/default/files/2020-

06/Impacts_of_Transit_Service_Strategies_on_Passenger_Vehicle_Use_and_Greenhouse_Gas_Emissions_Technic

al_Background_Document.pdf. 
23  FHWA. 2017. National Household Travel Survey – 2017 Table Designer. Average Vehicle Occupancy by HHSTFIPS. 

https://nhts.ornl.gov/. 
24  Orange County Transportation Authority (OCTA). 2023. OCTA GIS Open Data Portal. https://data-

octagis.opendata.arcgis.com/. 
25  Handy et al. 2013.  
26  U.S. Census Bureau and U.S. Department of Commerce 2024.  
27  FHWA 2017.  
28  TRB. 2007. Transit Cooperative Research Program Report 118: Bus Rapid Transit Practitioner’s Guide. 

https://ssti.us/wp-content/uploads/sites/1303/2012/04/tcrp118_BRT_Practitioners_Guide.pdf. 
29  FHWA 2017.  
30  U.S. Census Bureau and U.S. Department of Commerce 2024. 
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• VMT reductions resulting from implementing a subsidized transit pass program were 

calculated using the T-9: Implement Subsidized or Discounted Transit Program equation 

provided by CAPCOA. Reductions are based on the goal of providing subsidized transit 

passes to 2.5% of residents by 2030 and 5% of residents by 2045. CAPCOA default 

assumptions for elasticity of transit boardings31 and percentage of transit trips that 

would otherwise be in a vehicle32 were assumed. The percentage of transit mode share 

in Costa Mesa was based on default average mode share percentages for the Los 

Angeles–Long Beach–Anaheim core-based statistical area.33 Average transit fare with 

and without the subsidy was assumed to be the cost of an OCTA Wave monthly pass.34 

T5: Support Smart Growth 

The goal of Objective T5 is to reduce travel distances and overall VMT through higher-density 

development. The associated reductions in VMT and GHG emissions from T5-related actions 

are already reflected in the ABAU forecast scenarios. These scenarios incorporate the City’s 

current upzoning initiatives, including Neighborhoods Where We All Belong, with resulting 

growth assumptions embedded in the demographic and VMT projections used to estimate 

future emissions. Accordingly, any GHG reductions attributable to these efforts are captured 

within the City’s 2030 and 2045 ABAU forecasts. As a result, no additional emissions reductions 

are attributed specifically to Objective T5. 

Energy and Buildings 

The methodology and assumptions for estimating emissions reductions from the energy and 

the buildings sector are provided below for the quantified objectives and actions. 

E1: Reduce Energy Demand in Buildings 

The goal of Objective E1 is to reduce the overall energy use of residential and commercial 

buildings, thereby reducing energy-related GHG emissions. The GHG emissions reductions 

associated with Objective E1 actions were quantified using calculation methodologies 

detailed in CAPCOA’s Handbook for Analyzing Greenhouse Gas Emission Reductions, 

Assessing Climate Vulnerabilities, and Advancing Health and Equity report.35 For the installation 

 
31  Taylor, B., D. Miller, H. Iseki, and C. Fink. 2008. “Nature and/or Nurture? Analyzing the Determinants of Transit 

Ridership Across U.S. Urbanized Areas.” Transportation Research Part A: Policy and Practice 43(1): 60–77. 

https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.367.5311&rep=rep1&type=pdf. 
32  Handy, L. and S. Boarnet. 2013. “Impacts of Transit Service Strategies on Passenger Vehicle Use and 

Greenhouse Gas Emissions.” https://ww2.arb.ca.gov/sites/default/files/2020-

06/Impacts_of_Transit_Service_Strategies_on_ 

Passenger_Vehicle_Use_and_Greenhouse_Gas_Emissions_Technical_Background_Document.pdf. 
33  FHWA 2017.  
34  OCTA. 2026. “Regular Fare.” https://www.octa.net/getting-around/bus/oc-bus/fares-and-passes/overview.  
35  CAPCOA 2024.  
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of energy-efficient appliances, guidance and methodology for the E-2: Require Energy 

Efficient Appliances equation was used. Reductions were based on the goal of encouraging 

the replacement of existing appliances (i.e., refrigerator, clothes washer, dishwasher, and 

ceiling fan) with ENERGY STAR alternatives in single-family and multifamily residential units 

within Costa Mesa. The percent reduction in electricity for ENERGY STAR appliance use 

compared to conventional appliances was provided by ENERGY STAR, whereas the 

percentage of total building electricity by appliance was based on average default values 

from the California Energy Commission’s 2019 Residential Appliance Saturation Study for the 

City’s Electricity Demand Forecast Zone of 7.36  

For cool roof installation, the methodology associated with Objective E-4: Install Cool Roofs 

and/or Cool Walls in Residential Development was applied. Annual fractional building energy 

savings were estimated using the Lawrence Berkeley National Laboratory’s Cool Surface 

Savings Explorer. 37 Results were developed for both multifamily (apartment) and single-family 

residences, using weighted averages by building vintage based on Costa Mesa’s housing 

stock. Model assumptions included default roof areas (669.2 m² for multifamily and 111.5 m² for 

single-family), a base roof albedo of 0.1, base wall albedo of 0.25, and mean building 

orientation. Housing stock age distributions for each residential type were derived from the 

American Community Survey “Year Structure Built” dataset for Costa Mesa. 38 

E2: Decarbonize Building Energy Use 

The goal of Objective E2 is to encourage the adoption of appliances powered by lower-

emission energy sources. The GHG emissions reductions associated with Objective E2 actions 

were quantified using calculation methodologies detailed in CAPCOA’s Handbook for 

Analyzing Greenhouse Gas Emission Reductions, Assessing Climate Vulnerabilities, and 

Advancing Health and Equity report,39 specifically, guidance and methodology for the E-15: 

Require All-Electric Development equation. Reductions are based on the goal of electrifying 

20% of new development by 2030, 30% of new development by 2045, 20% of existing buildings 

by 2030, and 30% of existing buildings by 2045.  

 
36  California Energy Commission (CEC). 2020. Excel database with the 2019 Residential Appliance Saturation 

Study, provided to ICF. November 13, 2020. 
37 Lawrence Berkeley National Laboratory. 2018. “Cool Surfaces Savings Explorer” [web tool]. Accessed May 2026. 

https://basc.pnnl.gov/library/cool-surfaces-savings-explorer.  
38 U.S. Census Bureau and U.S. Department of Commerce. 2023. "Physical Housing Characteristics for Occupied 

Housing Units." American Community Survey, ACS 5-Year Estimates Subject Tables, Table S2504. Accessed May 

2026. https://data.census.gov/table/ACSST5Y2023.S2504?t=Year+Structure+Built&g=160XX00US0616532.  
39  CAPCOA 2024.  
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Existing fuel consumption for natural gas end uses (therms per year) was consistent with the 

2030 and 2045 natural gas projections used for the ABAU forecasts. The carbon intensity of the 

local electricity provider (pounds CO2e per megawatt-hour) was consistent with the 2030 and 

2045 values for Southern California Edison used for the ABAU forecasts. The additional 

electricity use for equivalent electrified end uses for residential land use types was based on 

average default values from the California Energy Commission Residential Appliance 

Saturation Study for the City’s Electricity Demand Forecast Zone of 7.40 The additional 

electricity use for equivalent electrified end uses for commercial land use types was based on 

average default values from the California Energy Commission’s Uncalibrated Commercial 

Sector Forecast for the City’s Electricity Demand Forecast Zone of 7.41 

E3: Increase Carbon-Free Energy Supply 

The goal of Objective E3 is to increase the electricity generation from on-site solar 

photovoltaic (PV) systems to reduce demand from local electricity providers and to increase 

community participation in electricity options that provide 100% renewably sourced energy. 

The GHG emissions reductions associated with Objective E3 actions were quantified using 

calculation methodologies detailed in CAPCOA’s Handbook for Analyzing Greenhouse Gas 

Emission Reductions, Assessing Climate Vulnerabilities, and Advancing Health and Equity 

report.42 Guidance and methodology for estimating GHG reductions from PV solar installation 

was obtained from the E10-B: Establish On-Site Renewable Energy Systems—Solar Power, 

equation. Reductions are based on the goal of installing solar PV on 2,850 rooftops by 2030 

(10% of the total existing installation potential) and 8,550 rooftops by 2045 (30% of the total 

existing installation potential). 

Existing rooftop solar arrays in Costa Mesa and potential additional rooftop solar PV capacity 

were estimated using satellite imagery, 3D modeling, shade calculations from Google, and 

weather data from the National Renewable Energy Laboratory. Installed solar PV systems were 

assumed to be 400 watts with 20.3% efficiency, a 30-year lifetime, and a 0.5% annual 

degradation rate. Electricity provided by the installed rooftop solar PV systems was estimated 

by assuming each panel receives at least 75% of the maximum annual sunlight in Costa 

Mesa.43 Total electricity demand per year for 2030 and 2045 reflects the ABAU projected 

 
40  CEC 2020.  
41  CEC 2020.  
42  CAPCOA 2024.  
43  Google Environmental Insights Explorer. 2026. “City of Costa Mesa Rooftop Solar Potential.” 

https://insights.sustainability.google/places/ChIJK11gE_Qr3YARJf7ozeXun80. 
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consumption, accounting for the increased kWh usage with implementation of all-electric 

development, consistent with Objective E2. 

GHG reductions associated with switching to an energy provider that offers 100% renewable 

energy were estimated for each land use type as the difference between ABAU electricity 

GHG emissions and adjusted GHG emissions, assuming achievement of the percentage 

enrollment goals for 2030. GHG emissions associated with the remaining energy consumption 

not sourced from a 100% renewable option (i.e., the residual energy usage) and the average 

energy intensity factor of the existing energy mix were assumed. ABAU GHG emissions used to 

calculate Objective E3 reductions reflect the increased kWh usage with the implementation of 

all-electric development, consistent with Objective E2.  

Off-Road Equipment 

The methodology and assumptions for estimating emissions reductions from the off-road 

equipment sector are provided below for Objective OR1: Accelerate Zero-Emission Off-Road 

Equipment Adoption. 

OR1: Accelerate Zero-Emission Off-Road Equipment Adoption 

The goal of Objective OR1 is to increase the adoption of electric and zero-emission off-road 

and landscaping equipment, thereby displacing fossil-fuel powered equipment use in Costa 

Mesa. The GHG emissions reductions were estimated for each off-road equipment type as the 

difference between ABAU off-road GHG emissions and the adjusted GHG emissions, assuming 

achievement of the percentage electrification goals for 2030 and 2045. Electricity 

consumption for the zero-emission equipment was estimated using default fossil fuel energy 

densities44 to convert to kWh equivalent usage. GHG emissions from electric equipment usage 

were calculated using the estimated kWh consumption and the GHG emissions intensity 

factors for the forecasted ABAU Southern California Edison power mix in 2030 and 2045.  

Water and Wastewater 

The methodology and assumptions for estimating emissions reductions from the water and 

wastewater sector are provided below for the quantified objective (W1: Reduce Water Use).  

 
44  CARB. 2020. “Table 4: Energy Densities and Conversion Factors for LCFS Fuels and Blendstocks.” In Low Carbon 

Fuel Standard Regulation. June 2020. https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-

approved_unofficial_06302020.pdf. 
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W1: Reduce Water Use 

The goal of Objective W1 is to reduce the community’s use of water by encouraging the use 

of low-flow appliances and drought-tolerant landscaping. GHG emissions reductions 

associated with Objective W1 actions were quantified using calculation methodologies 

detailed in CAPCOA’s Handbook for Analyzing Greenhouse Gas Emission Reductions, 

Assessing Climate Vulnerabilities, and Advancing Health and Equity report,45 specifically, 

guidance and methodology for the W-4: Require Low-Flow Water Fixtures equation. 

Reductions are based on the goal of installing low-flow water fixtures in 50% of new and 

existing development in 2030 and 2045. 

Existing indoor water use was consistent with the 2030 and 2045 indoor water use projections 

used for the ABAU forecasts and the ratio of indoor to outdoor water use for residential uses in 

the region.46 The carbon intensity of the local electricity provider (pounds CO2e per 

megawatt-hour) was consistent with the 2030 and 2045 values for Southern California Edison 

used for the ABAU forecasts. The percentage of indoor water used for each end use (i.e., 

toilets, faucets, clothes washers, and dishwashers) was based on default values provided by 

the Water Research Foundation47 and Pacific Institute48 for residential and nonresidential land 

uses. The current State standard water flow rate for each end use was based on default values 

provided by the California Green Building Code49 and EnergyStar50 for residential and 

nonresidential land uses. Reduced flow rate for each end use was consistent with CAPCOA 

default values for residential and nonresidential uses. 

Solid Waste 

The methodology and assumptions for estimating emissions reductions from the solid waste 

sector are provided below for Objective SW1: Reduce Waste Generation. 

 
45  CAPCOA 2024.  
46  Next 10. 2021. The Future of California’s Water-Energy Climate Nexus. September 2021. https://www.next10.org/ 

sites/default/files/2021-09/Next10-Water-Energy-Report_v2.pdf. 
47  The Water Research Foundation. 2016. “Residential End Uses of Water, Version 2.” https://www.waterrf.org/ 

research/projects/residential-end-uses-water-version-2.  
48  Pacific Institute. 2003. Waste Not, Want Not: The Potential for Urban Water Conservation in California. 

November 2003.  https://pacinst.org/wp-content/uploads/2003/11/waste_not_want_not_full_report.pdf. 
49  California Building Standards Commission. 2019. California Green Building Standards Code. Title 24, Part 11. 

https://codes.iccsafe.org/.content/CAGBSC2019. 
50  ENERGY STAR. “Clothes Washers Key Product Criteria.” https://www.energystar.gov/products/appliances/ 

clothes_washers/key_product_criteria. 
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SW1: Reduce Waste Generation 

The goal of Objective SW1 is to reduce the community’s waste generation (e.g., through reuse 

and repair programs) and diversion of material (e.g., recycling and composting). Collectively, 

the actions to support Objective SW1 are anticipated to reduce landfill waste by 25% in 2030 

and 50% in 2045. GHG emissions reductions associated with Objective SW1 actions were 

quantified using calculation methodologies detailed in CAPCOA’s Handbook for Analyzing 

Greenhouse Gas Emission Reductions, Assessing Climate Vulnerabilities, and Advancing Health 

and Equity report,51 specifically, guidance and methodology for the S1: Institute or Extend 

Recycling Services equation. Annual waste disposal rates were consistent with the 2030 and 

2045 ABAU forecasts for residential and commercial uses. GHG reductions from recycling were 

calculated using landfill emission factors for each waste type provided by the U.S. 

Environmental Protection Agency Waste Reduction Model.52 The landfill gas collection 

efficiency and oxidation rates were assumed to be 75% and 10%, respectively, consistent with 

the U.S. Community Protocol assumptions.53 

Natural and Urban Lands 

The methodology and assumptions for estimating emissions reductions from the natural and 

urban lands sector are provided below for Objective NU1: Increase Carbon Sequestration 

through Urban Greening. 

NU1: Increase Carbon Sequestration through Urban Greening 

The goal of Objective NU1 is to enhance sequestration through support for urban greening, 

tree planting, and nature-based solutions in Costa Mesa’s natural and urban spaces. GHG 

emissions reductions are based on the City’s goal for tree planting in suitable areas of Costa 

Mesa, which was obtained from the City’s Urban Canopy and Land Assessment.54 The 

maximum number of possible tree plantings within Costa Mesa’s suitable acreage was 

estimated using average canopy cover for the recommended trees listed in the City’s list of 

 
51  CAPCOA 2024.  
52  U.S. Environmental Protection Agency. 2023. “Documentation Chapters for Greenhouse Gas Emission, Energy 

and Economic Factors Used in the Waste Reduction Model.” December 2023. 

https://www.epa.gov/warm/documentation-chapters-greenhouse-gas-emission-energy-and- 

economic-factors-used-waste. 
53  International Council for Local Environmental Initiatives. 2019. U.S. Community Protocol for Accounting and 

Reporting of GHG Emissions. July 2019. 
54  City of Costa Mesa. Urban Canopy and Land Assessment. https://www.costamesaca.gov/home/ 

showdocument?id=62998&t=639120334753200070. 
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approved trees for the Parkway Tree Planting Program.55 The total suitable acreage, maximum 

number of possible trees, and target plantings for 2030 and 2045 by land use type are 

provided in Table 1.  

Table 1. Tree Planting Goals 

Land Use 

Type 

Suitable 

Acreage 

Possible 

Trees 

Goal by 

2045 

Total Trees 

2030 2045 

City 78 13,412 25% 671 2,682 

Residential 279 47,933 10% 959 3,835 

School 16 2,743 10% 55 220 

Commercial 37 6,277 10% 126 502 

Other 38 6,498 10% 130 520 

Total 448 76,863 13% 1,940 7,760 

 

Reductions were quantified as sequestered carbon dioxide using average rates obtained from 

the iTree Planting Calculator (Version v2.8.4).56 Tree species from the City’s approved trees for 

the Parkway Tree Planting Program were used to calculate the average sequestration rate. 

Default assumptions for project parameters were used for iTree inputs assuming Costa Mesa as 

the project location. All species were assumed to have an initial diameter at standard height 

of 1 inch and a tree condition of “good,” and crown light exposure was assumed to be partial 

sun. The average sequestration rate was divided by 40 years (project lifetime) for an average 

annual rate per tree planted. 

Community Emissions Reduction Summary 

Table 2 presents a summary of the City’s objectives, underlying performance assumptions, and 

corresponding GHG reduction outcomes for 2030 and 2045. Under the assumed achievement 

levels for each objective, Costa Mesa is projected to achieve the necessary GHG emissions 

reductions of 154,711 metric tons (MT) CO2e in 2030 and 198,642 MT CO2e in 2045 to achieve 

the State-aligned targets. 

 
55  City of Costa Mesa. “Appendix A: Recommended Tree & Plant List.” https://www.costamesaca.gov/home/ 

showpublisheddocument/53420/638308123496870000. 
56  iTree. 2026. iTree Planting Calculator. v2.8.4. Accessed May 2026. https://planting.itreetools.org/.  



APPENDIX D / GREENHOUSE GAS REDUCTION SUPPORTING MATERIAL 

 

City of Costa Mesa | Climate Action & Adaptation Plan | 2026  D-13 

Table 2. Community Greenhouse Gas Reduction Summary 

Objective 

Performance Indicators 

GHG Reductions (MT 

CO2e) 

Metric 2030 2045 2030 2045 

On-Road Transportation Sector 

T1: Transition to 

Electric Vehicles 

Targeted 

BEV/PHEV 

population % 

25% 30% 84,970 115,216 

T2: Promote Walking 

and Biking  

Provide secure 

bike parking 

and repair 

stations 

At all new 

workplaces 

At all new 

workplaces 

70 64 

Fill sidewalk gap 

identified in 

Pedestrian 

Master Plan 

Opportunity 

Zones 

25% of 

sidewalk 

gaps 

50% of 

sidewalk 

gaps 

Fill proposed 

bicycle facility 

length identified 

in Active 

Transportation 

Plan 

15% of 

bicycle 

facility length 

50% of 

bicycle 

facility 

length 

T3: Reduce Single-

Occupancy Vehicle 

Trips  

Provide 

voluntary 

commute trip 

reduction 

programs for 

employees in 

City 

2% of 

employees in 

City 

2% 

employees 

in City 

258 114 

Implement 

commute trip 

reduction 

marketing  

Targeting 2% 

of 

employees in 

City 

Targeting 

2% of 

employees 

in City 

Provide 

rideshare 

program for 

employees in 

City 

2% of 

employees in 

City 

2% of 

employees 

in City 
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Table 2. Community Greenhouse Gas Reduction Summary 

Objective 

Performance Indicators 

GHG Reductions (MT 

CO2e) 

Metric 2030 2045 2030 2045 

T4: Increase Public 

Transportation Use  

Implement 

subsidized 

transit voucher  

For 2.5% of 

residents in 

City 

For 2.5% of 

residents in 

City 

398 158 

Increase school 

bus 

neighborhood 

coverage  

By 10% By 10% 

Increase transit 

route coverage 

in Costa Mesa  

By 10% (6.2 

miles) 

By 10% (6.2 

miles) 

Increase transit 

frequency  

By 20% 

across 50% of 

routes/ 

service hours 

By 20% 

across 50% 

of routes/ 

service 

hours 

Implement 

transit-

supportive 

roadway 

improvements  

On 15% of 

transit routes 

in Costa 

Mesa 

On 15% of 

transit 

routes in 

Costa 

Mesa 

T5: Support Smart 

Growth  

Reductions accounted for in ABAU forecasted emissions 

Energy and the Built Environment Sector 

E1: Reduce Energy 

Demand in Buildings 

% households 

replace 

appliances with 

ENERGY STAR 

50% — 1,633 — 

% of households 

that install cool 

roofs 

50% single 

family 

25% 

multifamily 

— 

E2: Decarbonize 

Building Energy Use  

% of new 

development 

all-electric 

20% 30% 25,331 52,655 
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Table 2. Community Greenhouse Gas Reduction Summary 

Objective 

Performance Indicators 

GHG Reductions (MT 

CO2e) 

Metric 2030 2045 2030 2045 

% of existing 

development 

all-electric 

20% 30% 

E3: Increase Carbon-

Free Energy Supply 

% of available 

existing roof 

space installed 

with PV 

10% 30% 33 — 

% of accounts 

enrolled in 100% 

renewable 

choice plan 

75% single-

family 

50% 

multifamily 

30% 

commercial 

30% industrial 

— 38,893 — 

Off-Road Equipment Sector 

OR1: 

Accelerate Zero-

Emission Off-Road 

Equipment Adoption 

% of equipment 

electrified 

50% 60% 3,692 24,742 

Water and Wastewater Sector 

W1: Reduce Water 

Use 

% of 

development 

install low-flow 

appliances 

50% — 1,253 — 

W2: Increase Water 

Reuse 

Supporting measure 

Solid Waste Sector 

SW1: Reduce Waste 

Generation 

% reduction in 

waste to landfill 

25% 50% 2,697 5,448 

Natural and Urban Lands Sector 

NU1: Increase 

Carbon Sequestration 

Trees planted 1,940 7,760 63 317 
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Table 2. Community Greenhouse Gas Reduction Summary 

Objective 

Performance Indicators 

GHG Reductions (MT 

CO2e) 

Metric 2030 2045 2030 2045 

through Urban 

Greening  

Total Reductions 159,144 198,646 

Target Reductions 154,711 198,642 

Remaining Gap −4,433 −5 

Note: GHG = greenhouse gas; MT CO2e = metric tons carbon dioxide equivalent; BEV = battery electric vehicles; 

PHEV = plug-in hybrid electric vehicles; ABAU = adjusted business-as-usual. 

Municipal 

GHG emissions reductions from municipal operations were calculated following the 

methodology outlined in the Local Government Operations Protocol, developed by the 

California Air Resources Board and The Climate Registry. Where applicable, additional 

methodologies from the CAPCOA Handbook for Analyzing Greenhouse Gas Emission 

Reductions, Assessing Climate Vulnerabilities, and Advancing Health and Equity were applied. 

The following sections detail the assumptions and methods used to quantify emissions 

reductions from municipal objectives and actions. 

M1: Reduce City Vehicle Emissions 

The goal of Objective M1 is to reduce transportation-related GHG emissions by transitioning 

the municipal fleet to EVs and encouraging commute trip reductions. VMT reductions were 

quantified using forecasted VMT estimates in conjunction with calculation methodologies 

detailed in the CAPCOA Handbook for Analyzing Greenhouse Gas Emission Reductions, 

Assessing Climate Vulnerabilities, and Advancing Health and Equity report.57 A weighted 

average emissions factor calculated using EMFAC2025 was then applied to the reduced VMT 

to estimate total GHG emissions reductions for 2030 and 2045. Duplicative dampening was 

calculated using TDM+, a tool developed by Fehr & Peers that leverages regional data to 

estimate percent reductions in VMT from mitigation measures while accounting for decreased 

effectiveness when similar measures are implemented together. Relevant assumptions used 

are provided below. 

 
57  CAPCOA 2024.  
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The transition of City light-duty gasoline- and diesel-fueled vehicles to EVs assumes that the 

City will transition to EVs as part of its regular vehicle replacement schedule. The GHG 

reduction calculations assume that 31 gasoline- or diesel-fueled light-duty vehicles will be 

replaced with EVs by 2030, and 61 light-duty passenger cars and trucks will be replaced with 

EVs by 2045. The 2030 and 2045 emissions reduction estimates are based on the annual fuel 

consumption of the oldest light-duty vehicles recommended for retirement based on age, 

odometer mileage, and ease of replacement. Emissions calculations were performed using 

default vehicle emission factors from EMFAC.58 

VMT reductions related to a City employee program to facilitate ridesharing were calculated 

using the T-8: Provide Ridesharing Program equation provided by CAPCOA. For the rideshare 

program, the reduction in employee commute VMT was assumed to be −7.28%, with an 

additional −4% VMT reduction associated with program marketing.59 Average one-way 

vehicle commute trip length was estimated based on the results of the employee 

commute survey.  

The City will offer incentives to employees who commute using EVs, primarily by granting 

access to City-owned EV charging stations at City facilities. Participation rates were estimated 

using EV market trends and the influence of City-provided EV charging infrastructure. 

Reductions from the employee EV incentive program were based on the goal of 5% of 

employees switched to EVs by 2030 and 20% switched by 2045.  

M2: Reduce City Energy Use 

The goal of Objective M2 is to reduce GHG emissions associated with municipal energy use in 

City-owned buildings, facilities, and operations. Emissions reductions were quantified using 

projected changes in electricity and natural gas consumption based on the ABAU forecast, 

combined with emissions factors consistent with the municipal GHG inventory. Electricity 

emissions reductions reflect both reductions in energy demand and changes in electricity 

procurement, including increased reliance on renewable energy sources. Consistent with 

statewide policy, electricity emissions are assumed to decline to zero by 2045 due to 

compliance with the Renewables Portfolio Standard. Relevant assumptions used are 

provided below. 

Energy efficiency improvements in existing City-owned buildings were estimated based on the 

results of recurring energy audits, which are assumed to identify opportunities to reduce 

 
58 CARB. 2025. EMFAC2025 (v2.0.0) Emission Inventory. https://arb.ca.gov/emfac/. 
59 SANDAG 2019.  
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energy use by at least 5% by 2030 and approximately 20% by 2045. Reductions were applied 

to forecasted electricity consumption to estimate associated GHG reductions. 

Reductions associated with new City-owned buildings were based on the assumption that all 

new construction will be all-electric (i.e., no natural gas), with limited exceptions for essential 

emergency operations. Avoided emissions were calculated using projected growth in 

municipal building energy demand in the ABAU 2030 and 2045 forecasts. 

Electrification of existing City-owned buildings was assumed to occur over time through major 

renovations and equipment replacement cycles. GHG reduction calculations assume that 

10% of facilities will be fully electrified by 2030 and that all eligible facilities will be electrified by 

2045, resulting in the elimination of most natural gas consumption in municipal operations. 

Solar PV installations at City-owned facilities were quantified assuming a total of 600 kilowatts 

(kW) of installed capacity across parking areas and building rooftops. Electricity generation 

was estimated using the National Renewable Energy Laboratory’s PVWatts Calculator,60 and 

emissions reductions were calculated based on avoided grid electricity use through 2030. By 

2045, electricity emissions are assumed to be zero due to compliance with the Renewables 

Portfolio Standard, at which point benefits of PV solar will be cost savings and energy reliability. 

Battery energy storage system installations were assumed to total 4,800 kW of capacity at key 

City facilities. Emissions reductions were estimated based on the ability of a battery energy 

storage system to shift electricity demand and increase use of on-site renewable energy, 

thereby reducing reliance on grid electricity during peak-demand periods. 

Finally, emissions reductions from renewable electricity procurement were calculated based 

on the City’s participation in Orange County Power Authority or a similar Community Choice 

Aggregation program. The analysis assumes that all municipal electricity accounts will be 

enrolled in a 100% renewable electricity program by 2030. Reductions were estimated using 

the difference between the forecasted blended utility emission factor and the emissions 

intensity associated with 100% renewable electricity. 

M3: Zero-Emissions Off-Road and Landscaping Equipment 

The goal of Objective M3 is to reduce GHG emissions associated with City-owned and 

contracted off-road equipment by transitioning to zero-emission alternatives. Emissions 

reductions were quantified based on avoided gasoline and diesel consumption from the 

 
60  National Renewable Energy Laboratory (NREL). 2026. PVWatts Calculator. https://pvwatts.nlr.gov/. 
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replacement of fossil fuel–powered landscaping equipment, construction equipment, and 

backup generators. Reductions were estimated using equipment-level fuel consumption data 

and emissions factors for off-road sources consistent with the municipal GHG inventory. The 

relevant assumptions used are provided below. 

Reductions associated with landscaping equipment were estimated using representative 

equipment-level fuel consumption and emissions factors. Based on the City’s inventory, a 

typical gasoline-powered landscaping unit was assumed to consume approximately 187 

gallons of fuel annually, reflecting 208 operating hours and a fuel efficiency of 0.075 gallons 

per hour. Emissions reductions were calculated using California Air Resources Board off-road 

emission factors applied to the ABAU forecasted emissions for 2030 and 2045. 

Reductions associated with off-road construction and operational equipment were estimated 

using a detailed inventory of City-owned equipment, including loaders, excavators, tractors, 

trenchers, and other machinery. Total annual fuel consumption across the City’s equipment 

inventory was estimated at approximately 1,584 gallons of gasoline and 666 gallons of diesel, 

based on equipment-specific horsepower ratings, fuel efficiencies, and operating 

assumptions. Emissions reductions were calculated using off-road emissions factors consistent 

with the forecasted ABAU inventory compared with an equipment fleet that is fully transitioned 

to zero-emission alternatives. Consistent with implementation assumptions, this transition is 

assumed to occur primarily during the 2030–2045 period, resulting in no quantified reductions 

by 2030 and full reductions realized by 2045. 

Reductions associated with backup generators were estimated using the inventory of eight 

diesel-powered generators located at City facilities, with individual unit capacities ranging 

from approximately 25–600 kW. Annual fuel consumption across all generators was estimated 

at approximately 1,269 gallons of diesel, reflecting limited operational hours that would be 

used primarily for maintenance testing and emergency preparedness. Emissions reductions 

were calculated using off-road diesel emission factors consistent with the forecasted ABAU 

inventory compared with generators that are fully transitioned to zero-emission alternatives. 

Similar to other off-road equipment categories, generator replacements are assumed to occur 

primarily during the 2030–2045 timeframe, resulting in no quantified reductions by 2030 and full 

reductions realized by 2045. Actual emissions reductions could be higher in years with 

extended generator use during emergency events. 
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M4: Reduce City Facility Water Use 

The goal of Objective M4 is to reduce GHG emissions associated with municipal water use by 

improving water efficiency in City-owned buildings and facilities. Emissions reductions were 

quantified based on decreased energy required for water conveyance, treatment, and 

distribution, using the ABAU forecast and emissions factors consistent with the municipal GHG 

inventory. Consistent with statewide policy, electricity emissions associated with water use are 

assumed to decline over time and reach zero by 2045 due to compliance with the 

Renewables Portfolio Standard. The relevant assumptions used are provided below. 

Reductions associated with water-efficient appliances in new City-owned buildings are 

assumed to be achieved through compliance with Title 24 building standards, which already 

require installation of water-efficient fixtures. As such, these reductions are accounted for in 

the ABAU forecast and are not separately quantified in the GHG reduction analysis. 

Reductions associated with retrofitting existing City-owned buildings and facilities were 

estimated based on the installation of water-efficient appliances during renovations or as 

funding becomes available. GHG reduction calculations assume indoor water use reductions 

consistent with WaterSense- and ENERGY STAR-certified appliances, resulting in an 

approximately 45% improvement in water efficiency relative to baseline conditions.  

M5: Reduce City-Generated Solid Waste 

The goal of Objective M5 is to reduce GHG emissions associated with solid waste generated 

by City operations through waste prevention, sustainable purchasing practices, and improved 

materials management. Because these actions primarily influence upstream waste generation 

and procurement decisions, GHG reductions were not directly quantified. However, these 

actions are expected to reduce landfill disposal and associated methane emissions over time.  

Municipal Emissions Reduction Summary 

Table 3 presents a summary of the City’s municipal objectives, underlying performance 

assumptions, and corresponding GHG reduction outcomes for 2030 and 2045. Under the 

assumed achievement levels for each objective, Costa Mesa is projected to achieve the 

necessary GHG emissions reductions of 911 MT CO2e in 2030 and 1,516 MT CO2e in 2045 to 

achieve the State-aligned targets. 
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Table 3. Municipal Greenhouse Gas Reduction Summary 

Objective 

Performance Indicators 

GHG Reductions (MT 

CO2e) 

Metric 2030 2045 2030 2045 

M1: Reduce City 

Vehicle Emissions 

Replace fleet 

vehicles with 

EVs 

31 vehicles 61 vehicles 341 1,130 

Implement a 

voluntary 

commute trip 

reduction 

program 

All 

employees 

All 

employees 

Employees 

purchase EVs 

5% 20% 

M2: Reduce City 

Energy Use  

Energy retrofits, 

energy use 

reductions 

5% 20% 1,045  345 

Buildings all-

electric 

All new 

buildings, 

10% of 

existing 

All new 

buildings, 

all existing  

PV solar shade 

structures 

800 kW 

capacity 

— 

PV solar roof 

top installation 

800 kW 

capacity 

new 

buildings, 

600 kW 

capacity 

existing 

buildings 

— 

Battery energy 

storage system 

installation 

4,800 kW 

capacity 

— 

Enrollment in 

100% 

renewable 

choice plan 

All City 

accounts 

— 
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Table 3. Municipal Greenhouse Gas Reduction Summary 

Objective 

Performance Indicators 

GHG Reductions (MT 

CO2e) 

Metric 2030 2045 2030 2045 

M3: Zero-emissions 

Off-Road and 

Landscaping 

Equipment  

% of equipment 

electrified 

— All off-road 

equipment 

— 37 

M4: Reduce City 

Facility Water Use  

Upgrade 

existing City 

buildings with 

water-efficient 

appliances 

All buildings 

or as 

funding 

allows 

All buildings 

or as 

funding 

allows 

20 16 

M5: Reduce City-

Generated Solid 

Waste 

Supporting measure 

Total Reductions 1,408 1,528 

Target Reductions 911 1,516 

Remaining Gap -497 -12 

Note: GHG = greenhouse gas; MT CO2e = metric tons carbon dioxide equivalent; EV = electric vehicle;  

PV = photovoltaic; kW = kilowatt. 
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