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REGIONAL CLIMATE ACTION PLANNING FRAMEWORK

In recent years, nearly all of the San Diego 
region’s 19 local governments have adopted a 
climate action plan (CAP), or are in the process 
of creating one. Local agency staff members 
and elected officials have communicated that 
their ongoing efforts to adopt, update, and 
monitor the implementation of their plans would 
benefit from regionally consistent approaches, 
methodologies, and data sources. In response, 
the San Diego Association of Governments 
(SANDAG) has collaborated with local agency 
staff and leading climate planning experts to 
prepare this Regional Climate Action Planning 
Framework (ReCAP) that identifies best practices 
and guidance for preparing CAPs and monitoring 
their implementation over time. This guidance 
document establishes a technical framework for 
regionally-consistent climate action planning that 
preserves policy flexibility for the unique needs 
and circumstances of each local jurisdiction. 

ReCAP guiding principles:

• Transparency – clear methodologies and
assumptions

• Data-driven – methodologies are based on
relevant and accurate scientific data

• Regional consistency – consistency with other
regional planning efforts

• Use of accepted methods – developed using
State guidance

• Local relevancy – a helpful resource for local
agency staff

• Flexibility and adaptability – reflects the
iterative process of climate action planning

ReCAP is provided to SANDAG 
member agencies through the 
Energy Roadmap Program. 
Since 2010, the SANDAG Energy 
Roadmap Program has provided 
member agencies with voluntary, 
no-cost energy assessments, 
known as “Energy Roadmaps.” 
Each Energy Roadmap provides 
strategies, unique to each local 
government, to reduce energy 
use in municipal operations and 
in the community.   

As the Energy Roadmaps 
were completed for the local 
jurisdictions in the region, 
the demand to implement 
the Energy Roadmaps and 
assist in the development 
and implementation of CAPs 
increased.  In 2016, the Energy 
Roadmap Program was 
expanded to include no-cost 
climate action planning services.

ABOUT THE FRAMEWORK
The ReCAP has six technical appendices that  
provide detail on all topics covered in the ReCAP.

The appendices are:

I. Greenhouse Gas (GHG) Inventories, Projections,
and Target Selection

II. GHG Reduction Calculation Methods for
CAP Measures

III. Benefit-Cost Analysis for CAP Measures

IV. CAP Implementation Cost Analysis

V. California Environmental Quality Act (CEQA)
and Climate Action Planning

VI. CAP Monitoring and Reporting

LOOK FOR THIS ICON 
THROUGHOUT THE ReCAP TO 
KNOW WHICH TECHNICAL 
APPENDIX TO REFER TO FOR 
FURTHER INFORMATION.
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Considered throughout:

• stakeholder engagement
• benefits and costs
• California Environmental Quality Act

REGIONAL CLIMATE ACTION PLANNING FRAMEWORK

Figure 1. Climate action planning process
A CAP is a comprehensive 
policy document that outlines 
the actions a jurisdiction will 
take to reduce GHG emissions. 
CAPs are commonly prepared 
by jurisdictions to show how 
local goals and policies align 
with statewide targets for GHG 
reductions. CAPs also have 
been prepared to show how 
a jurisdiction will mitigate for 
the GHG emissions of a large-
scale plan, like a General Plan. 
CAPs typically follow a similar 
format, and specific content 
within a CAP is tailored to each 
jurisdiction’s individual needs 
and circumstances. 

The main elements of a CAP are:

• GHG inventory and
projections

• GHG reduction targets

• GHG reduction measures

• Implementation and
monitoring steps

Many CAPs also include sections 
on climate change vulnerabilities, 
resiliency, and adaptation. 
Adopting a CAP marks the 
beginning of an iterative process 
of implementing, monitoring, 
and updating the CAP. Figure 
1 provides an overview of the 
climate action planning process; 
more details on each topic are 
provided within the ReCAP.

WHAT IS A CLIMATE ACTION PLAN?

Implement CAP

• Implementation Plan
• local and collaborative

actions 2
Monitor and  
report progress

• GHG inventory updates
• performance indicators
• evaluate progress

• baseline GHG inventory
• GHG projections
• targets
• reduction measures

Develop and  
maintain CAP

Climate Action Planning

3
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FOR MORE INFORMATION  
ON GHG INVENTORIES,  
SEE TECHNICAL APPENDIX I.

A GHG emissions inventory is a snapshot 
reference of the annual emissions associated 
with a jurisdiction’s community-wide activities. 
GHG emissions inventories are a critical 
component of the CAP process used to 
establish reduction targets/goals and monitor 
emissions over time. 

Local government GHG inventories are based 
on activities that a jurisdiction has control over 
taking place within its boundaries. However, 
there are emissions associated with federal 
and special entities (e.g., public universities, 
tribal nations, airports, port districts, transit 
agencies) which may be addressed outside  
of a conventional local inventory. An inventory 
for a special district may include unique 
categories of emissions not represented in 
local inventories.

GHG emissions originate from a variety 
of sources, all of which are documented, 
quantified, and analyzed within a GHG 
inventory. A typical GHG inventory for a  
local agency captures emissions from 
transportation, electricity, natural gas,  
water, wastewater, and solid waste activities. 
GHG emissions are calculated in metric tons  
of carbon dioxide equivalent (MT C02e).  
Data and estimates from different 
organizations (e.g., SANDAG, San Diego 
Gas & Electric [SDG&E®], local jurisdiction 
departments) are needed to complete an 
inventory. Inventories are developed based  
on the best available data and methods, which 
change over time and should be accounted  
for when comparing inventory years.

REGIONAL CLIMATE ACTION PLANNING FRAMEWORK
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To learn more about each inventory category, 
click on each icon for data inputs and sources.
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FOR MORE INFORMATION  
ON GHG INVENTORIES,  
SEE TECHNICAL APPENDIX I.

A GHG emissions inventory is a snapshot 
reference of the annual emissions associated 
with a jurisdiction’s community-wide activities. 
GHG emissions inventories are a critical 
component of the CAP process used to 
establish reduction targets/goals and monitor 
emissions over time. 

Local government GHG inventories are based 
on activities that a jurisdiction has control over 
taking place within its boundaries. However, 
there are emissions associated with federal 
and special entities (e.g., public universities, 
tribal nations, airports, port districts, transit 
agencies) which may be addressed outside  
of a conventional local inventory. An inventory 
for a special district may include unique 
categories of emissions not represented in 
local inventories.

GHG emissions originate from a variety 
of sources, all of which are documented, 
quantified, and analyzed within a GHG 
inventory. A typical GHG inventory for a  
local agency captures emissions from 
transportation, electricity, natural gas,  
water, wastewater, and solid waste activities. 
GHG emissions are calculated in metric tons  
of carbon dioxide equivalent (MT C02e).  
Data and estimates from different 
organizations (e.g., SANDAG, San Diego 
Gas & Electric [SDG&E®], local jurisdiction 
departments) are needed to complete an 
inventory. Inventories are developed based  
on the best available data and methods, which 
change over time and should be accounted  
for when comparing inventory years.
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• key data input: SANDAG Regional Travel Demand Model

• Origin-Destination methodology
allocates VMT to jurisdictions

• largest source of emissions

• source: on-road vehicles

• source data measured in: vehicle miles traveled (VMT)

• emissions based on: regional
vehicle types and fuel types
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FOR MORE INFORMATION  
ON GHG INVENTORIES,  
SEE TECHNICAL APPENDIX I.

A GHG emissions inventory is a snapshot 
reference of the annual emissions associated 
with a jurisdiction’s community-wide activities. 
GHG emissions inventories are a critical 
component of the CAP process used to 
establish reduction targets/goals and monitor 
emissions over time. 

Local government GHG inventories are based 
on activities that a jurisdiction has control over 
taking place within its boundaries. However, 
there are emissions associated with federal 
and special entities (e.g., public universities, 
tribal nations, airports, port districts, transit 
agencies) which may be addressed outside  
of a conventional local inventory. An inventory 
for a special district may include unique 
categories of emissions not represented in 
local inventories.

GHG emissions originate from a variety 
of sources, all of which are documented, 
quantified, and analyzed within a GHG 
inventory. A typical GHG inventory for a  
local agency captures emissions from 
transportation, electricity, natural gas,  
water, wastewater, and solid waste activities. 
GHG emissions are calculated in metric tons  
of carbon dioxide equivalent (MT C02e).  
Data and estimates from different 
organizations (e.g., SANDAG, San Diego 
Gas & Electric [SDG&E®], local jurisdiction 
departments) are needed to complete an 
inventory. Inventories are developed based  
on the best available data and methods, which 
change over time and should be accounted  
for when comparing inventory years.
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• source: total electricity consumed

• emissions based on: amount of renewable
and non-renewable electricity

• source data measured in: kilowatt hours

• key data input: SDG&E®, local electricity provider
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FOR MORE INFORMATION  
ON GHG INVENTORIES,  
SEE TECHNICAL APPENDIX I.

A GHG emissions inventory is a snapshot 
reference of the annual emissions associated 
with a jurisdiction’s community-wide activities. 
GHG emissions inventories are a critical 
component of the CAP process used to 
establish reduction targets/goals and monitor 
emissions over time. 

Local government GHG inventories are based 
on activities that a jurisdiction has control over 
taking place within its boundaries. However, 
there are emissions associated with federal 
and special entities (e.g., public universities, 
tribal nations, airports, port districts, transit 
agencies) which may be addressed outside  
of a conventional local inventory. An inventory 
for a special district may include unique 
categories of emissions not represented in 
local inventories.

GHG emissions originate from a variety 
of sources, all of which are documented, 
quantified, and analyzed within a GHG 
inventory. A typical GHG inventory for a  
local agency captures emissions from 
transportation, electricity, natural gas,  
water, wastewater, and solid waste activities. 
GHG emissions are calculated in metric tons  
of carbon dioxide equivalent (MT C02e).  
Data and estimates from different 
organizations (e.g., SANDAG, San Diego 
Gas & Electric [SDG&E®], local jurisdiction 
departments) are needed to complete an 
inventory. Inventories are developed based  
on the best available data and methods, which 
change over time and should be accounted  
for when comparing inventory years.
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• source: total end-use natural gas consumed 
(or burned) 

• emissions based on: heat content of fuel 

• source data measured in: therms

• key data input: SDG&E®
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FOR MORE INFORMATION  
ON GHG INVENTORIES,  
SEE TECHNICAL APPENDIX I.

A GHG emissions inventory is a snapshot 
reference of the annual emissions associated 
with a jurisdiction’s community-wide activities. 
GHG emissions inventories are a critical 
component of the CAP process used to 
establish reduction targets/goals and monitor 
emissions over time. 

Local government GHG inventories are based 
on activities that a jurisdiction has control over 
taking place within its boundaries. However, 
there are emissions associated with federal 
and special entities (e.g., public universities, 
tribal nations, airports, port districts, transit 
agencies) which may be addressed outside  
of a conventional local inventory. An inventory 
for a special district may include unique 
categories of emissions not represented in 
local inventories.

GHG emissions originate from a variety 
of sources, all of which are documented, 
quantified, and analyzed within a GHG 
inventory. A typical GHG inventory for a  
local agency captures emissions from 
transportation, electricity, natural gas,  
water, wastewater, and solid waste activities. 
GHG emissions are calculated in metric tons  
of carbon dioxide equivalent (MT C02e).  
Data and estimates from different 
organizations (e.g., SANDAG, San Diego 
Gas & Electric [SDG&E®], local jurisdiction 
departments) are needed to complete an 
inventory. Inventories are developed based  
on the best available data and methods, which 
change over time and should be accounted  
for when comparing inventory years.
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• source: waste disposed
in landfill

• emissions based on: composition
of waste and gas capture at landfills

• source data measured in: tons

• key data input: CalRecycle
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FOR MORE INFORMATION  
ON GHG INVENTORIES,  
SEE TECHNICAL APPENDIX I.

A GHG emissions inventory is a snapshot 
reference of the annual emissions associated 
with a jurisdiction’s community-wide activities. 
GHG emissions inventories are a critical 
component of the CAP process used to 
establish reduction targets/goals and monitor 
emissions over time. 

Local government GHG inventories are based 
on activities that a jurisdiction has control over 
taking place within its boundaries. However, 
there are emissions associated with federal 
and special entities (e.g., public universities, 
tribal nations, airports, port districts, transit 
agencies) which may be addressed outside  
of a conventional local inventory. An inventory 
for a special district may include unique 
categories of emissions not represented in 
local inventories.

GHG emissions originate from a variety 
of sources, all of which are documented, 
quantified, and analyzed within a GHG 
inventory. A typical GHG inventory for a  
local agency captures emissions from 
transportation, electricity, natural gas,  
water, wastewater, and solid waste activities. 
GHG emissions are calculated in metric tons  
of carbon dioxide equivalent (MT C02e).  
Data and estimates from different 
organizations (e.g., SANDAG, San Diego 
Gas & Electric [SDG&E®], local jurisdiction 
departments) are needed to complete an 
inventory. Inventories are developed based  
on the best available data and methods, which 
change over time and should be accounted  
for when comparing inventory years.
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• source: potable  
and recycled water

• emissions based on: 
energy to move, treat, 
and pump water

• source data measured 
in: gallons

• key data input: local 
water districts

• each water district has 
different water sources
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FOR MORE INFORMATION  
ON GHG INVENTORIES,  
SEE TECHNICAL APPENDIX I.

A GHG emissions inventory is a snapshot 
reference of the annual emissions associated 
with a jurisdiction’s community-wide activities. 
GHG emissions inventories are a critical 
component of the CAP process used to 
establish reduction targets/goals and monitor 
emissions over time. 

Local government GHG inventories are based 
on activities that a jurisdiction has control over 
taking place within its boundaries. However, 
there are emissions associated with federal 
and special entities (e.g., public universities, 
tribal nations, airports, port districts, transit 
agencies) which may be addressed outside  
of a conventional local inventory. An inventory 
for a special district may include unique 
categories of emissions not represented in 
local inventories.

GHG emissions originate from a variety 
of sources, all of which are documented, 
quantified, and analyzed within a GHG 
inventory. A typical GHG inventory for a  
local agency captures emissions from 
transportation, electricity, natural gas,  
water, wastewater, and solid waste activities. 
GHG emissions are calculated in metric tons  
of carbon dioxide equivalent (MT C02e).  
Data and estimates from different 
organizations (e.g., SANDAG, San Diego 
Gas & Electric [SDG&E®], local jurisdiction 
departments) are needed to complete an 
inventory. Inventories are developed based  
on the best available data and methods, which 
change over time and should be accounted  
for when comparing inventory years.
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• source: wastewater produced

• emissions based on: processing  
and combustion of digester gas  
from wastewater

• source data measured in: gallons

• key data input: wastewater collection agencies
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FOR MORE INFORMATION  
ON GHG INVENTORIES,  
SEE TECHNICAL APPENDIX I.

A GHG emissions inventory is a snapshot 
reference of the annual emissions associated 
with a jurisdiction’s community-wide activities. 
GHG emissions inventories are a critical 
component of the CAP process used to 
establish reduction targets/goals and monitor 
emissions over time. 

Local government GHG inventories are based 
on activities that a jurisdiction has control over 
taking place within its boundaries. However, 
there are emissions associated with federal 
and special entities (e.g., public universities, 
tribal nations, airports, port districts, transit 
agencies) which may be addressed outside  
of a conventional local inventory. An inventory 
for a special district may include unique 
categories of emissions not represented in 
local inventories.

GHG emissions originate from a variety 
of sources, all of which are documented, 
quantified, and analyzed within a GHG 
inventory. A typical GHG inventory for a  
local agency captures emissions from 
transportation, electricity, natural gas,  
water, wastewater, and solid waste activities. 
GHG emissions are calculated in metric tons  
of carbon dioxide equivalent (MT C02e).  
Data and estimates from different 
organizations (e.g., SANDAG, San Diego 
Gas & Electric [SDG&E®], local jurisdiction 
departments) are needed to complete an 
inventory. Inventories are developed based  
on the best available data and methods, which 
change over time and should be accounted  
for when comparing inventory years.
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Other categories of emissions that are included in the regional 
inventory and, as appropriate, for local inventories include: industrial, 
agriculture, off-road equipment and vehicles, civil aviation, rail, land 
use/wildfire, and marine vessels.
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REGIONAL CLIMATE ACTION PLANNING FRAMEWORK

BASELINE YEAR & PROJECTIONS

The baseline year for a CAP is the starting 
point for tracking activities within the CAP. 
Reduction targets are calculated in relation to 
the baseline year emissions. Using the baseline 
GHG inventory and estimates for population, 
housing, and job growth from the Regional 
Growth Forecast, CAPs include emissions 
projections into the future. First, a business-
as-usual (BAU) projection demonstrates 
emissions growth in the absence of any 
new policies and programs. Next, emissions 
reductions from federal and State policies and 
programs are applied in the future, creating a 
legislatively-adjusted BAU. An illustration of 
this is seen in Figure 2.

SANDAG updates the Regional Growth 
Forecast every four years. Federal and State 
policies change regularly. Updating projections 
can allow for a better understanding of these 
impacts on future GHG emissions.

BAU  
GHG EMISSIONS 
PROJECTIONS

GHG EMISSIONS 
PROJECTIONS AFTER 
FEDERAL AND STATE 

POLICIES
LEGISLATIVELY-  
ADJUSTED BAU

Figure 2. BAU & legislatively-adjusted GHG emissions projections

FOR MORE INFORMATION ON 
EMISSIONS PROJECTIONS, 
SEE TECHNICAL APPENDIX I. 
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FOR MORE INFORMATION 
ON EMISSIONS REDUCTION 
TARGETS, SEE TECHNICAL 
APPENDIX I. 

Target-setting for local  
climate action plans

CARB’s guidance on target-setting for  
local CAPs preserves local jurisdictions’ 
discretion in selecting reduction targets,  
yet offers recommended approaches for 
aligning local targets with the statewide goals. 
While these goals reference a 1990 baseline, 
local jurisdictions typically establish reduction 
targets from a current baseline using accepted 
methods. The following summarizes voluntary 
guidance to local governments on establishing 
GHG reduction targets from CARB’s 2017 
Scoping Plan:

• Evaluate and adopt robust,  
locally-appropriate emissions  
reduction goals based on local  
inventory categories

• Express goals in mass emissions,  
per capita emissions, and service population 
emissions

• Show a downward-trending GHG  
emissions trajectory consistent with  
the statewide goals

In 2005, California’s Governor issued statewide GHG reduction goals for 2020 and 2050. More recently, the 
State Legislature established a statewide target for 2030, while the California Air Resources Board (CARB) 
developed statewide per capita targets for 2030 and 2050, as depicted below. These limits represent 
California’s contribution (or “fair share”) to international agreements to reduce GHG emissions to the 
scientifically-based levels to limit global warming below two degrees Celsius.

EMISSIONS REDUCTION TARGETS

State GHG reduction goals (as of 2018)

2020 2030 2050
Assembly Bill 32 Senate Bill 32

CARB 2017 Scoping Plan

Executive Order S-3-05

80% 
below 1990
GHG levels

40% 
below 1990
GHG levels

return 
to 1990

GHG levels

below
6 MT CO2e
per capita
statewide

below
2 MT CO2e
per capita
statewide
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Once emissions targets have been established, 
the next step in the climate action planning 
process is to identify the GHG reduction 
strategies that will achieve the targets. 
Federal, State, and local activities have a role 
to play in achieving GHG emissions reductions 
for a local jurisdiction. Before developing 
local strategies, the GHG reduction impact 
of federal and State policies and programs 
is quantified at the local level. While other 
agencies are responsible for implementing 
federal and State strategies, the local GHG 
reduction impact should be included in 
local CAPs. The difference between the 
legislatively-adjusted BAU and the emissions 
reduction targets is known as the “emissions 
gap,” as shown in Figure 3. Jurisdictions 
typically consider several GHG reduction 
measures within many categories and must 
determine which suite of measures will “close 
the gap” while aligning with other priorities for 
the community.

CLOSING THE GAP

Figure 3. Emissions gap to meet CAP targets

TARGET 
EMISSIONS
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FOR MORE INFORMATION  
ON METHODS TO CALCULATE 
GHG REDUCTION MEASURES,  
SEE TECHNICAL APPENDIX II . 

There are many considerations for selecting 
local reduction measures, including: 

• GHG reduction potential

• ability, time, and cost to implement

• available funding

• community priorities

• co-benefits (positive external impacts)

• ability to monitor

A master list of reduction measures is 
available in Technical Appendix II. 

While there are similarities in GHG reduction 
strategies across local CAPs, the measures 
within each CAP are uniquely crafted based  
on local needs and conditions.

GHG REDUCTION 
STRATEGIES & 
MEASURES

REGIONAL CLIMATE ACTION PLANNING FRAMEWORK

To read about California’s 2030 vision  
(as set forth in CARB’s 2017 Scoping Plan) 
and sample local CAP measures, click on  
the icons to reveal more information.

TRANSPORTATION

ELECTRICITY

NATURAL GAS

WATER

SOLID WASTE

WASTEWATER

OTHER CATEGORIES

Strategies 

cleaner fuels, increased vehicle fuel 
economy, reduced VMT growth

California’s 2030 Vision 

high density, transit-oriented housing; 
walkable and bikable communities;  
on-road gasoline demand reduced by 
half; zero-emission bus fleet; five million 
affordable electric cars on the road;  
18 percent carbon intensity reduction in fuels

San Diego Forward: The Regional Plan

investments in regional transit systems, 
active transportation, roadway 
improvements, transportation demand 
management, transportation systems 
management, smart growth grants,  
electric vehicle charging

Example Local CAP Measures 

promote public transit, increase active 
transportation, advance smart growth, 
provide infrastructure for electric and 
alternative fuel vehicles
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FOR MORE INFORMATION  
ON METHODS TO CALCULATE 
GHG REDUCTION MEASURES,  
SEE TECHNICAL APPENDIX II . 

There are many considerations for selecting 
local reduction measures, including: 

• GHG reduction potential

• ability, time, and cost to implement

• available funding

• community priorities

• co-benefits (positive external impacts)

• ability to monitor

A master list of reduction measures is 
available in Technical Appendix II. 

While there are similarities in GHG reduction 
strategies across local CAPs, the measures 
within each CAP are uniquely crafted based  
on local needs and conditions.

GHG REDUCTION 
STRATEGIES & 
MEASURES

REGIONAL CLIMATE ACTION PLANNING FRAMEWORK

To read about California’s 2030 vision  
(as set forth in CARB’s 2017 Scoping Plan) 
and sample local CAP measures, click on  
the icons to reveal more information.

TRANSPORTATION

ELECTRICITY

NATURAL GAS

WATER

SOLID WASTE

WASTEWATER

OTHER CATEGORIES

Strategies 

reduce electricity use, cleaner 
electricity sources

California’s 2030 Vision 

at least 50 percent renewable electricity, 
double energy-efficiency in buildings

SANDAG Energy Roadmap Program 

implement energy-saving opportunities 
in municipal facilities, promote 
community-wide energy-saving 
programs

Example Local CAP Measures 

benchmark buildings, establish building 
efficiency standards, set renewable 
energy goals, install solar photovoltaics
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FOR MORE INFORMATION  
ON METHODS TO CALCULATE 
GHG REDUCTION MEASURES,  
SEE TECHNICAL APPENDIX II . 

There are many considerations for selecting 
local reduction measures, including: 

• GHG reduction potential

• ability, time, and cost to implement

• available funding

• community priorities

• co-benefits (positive external impacts)

• ability to monitor

A master list of reduction measures is 
available in Technical Appendix II. 

While there are similarities in GHG reduction 
strategies across local CAPs, the measures 
within each CAP are uniquely crafted based  
on local needs and conditions.

GHG REDUCTION 
STRATEGIES & 
MEASURES
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To read about California’s 2030 vision  
(as set forth in CARB’s 2017 Scoping Plan) 
and sample local CAP measures, click on  
the icons to reveal more information.

TRANSPORTATION

ELECTRICITY

NATURAL GAS

WATER

SOLID WASTE

WASTEWATER

OTHER CATEGORIES

Strategies 

increase natural gas end-use efficiency

California’s 2030 Vision 

reduce fugitive methane emissions and 
system leaks, increase production and 
use of renewable gas, replace natural gas 
end-use with electricity

Example Local CAP Measures 

mandate requirements for new 
development, install solar water heaters, 
increase renewable energy use
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To read about California’s 2030 vision  
(as set forth in CARB’s 2017 Scoping Plan) 
and sample local CAP measures, click on  
the icons to reveal more information.

TRANSPORTATION

ELECTRICITY

NATURAL GAS

WATER

SOLID WASTE

WASTEWATER

OTHER CATEGORIES

Strategies 

reduce amount of solid waste going 
to landfills, increase methane capture 
from landfills, increase recycling

California’s 2030 Vision 

75 percent organic waste diversion 
from landfills, increase use of 
renewable gas, reduce amount of 
edible food sent to landfills, develop 
a packaging reduction goal

Example Local CAP Measures

adopt zero waste policy, increase 
composting, mandate waste recycling, 
divert construction waste, re-use 
captured methane
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To read about California’s 2030 vision  
(as set forth in CARB’s 2017 Scoping Plan) 
and sample local CAP measures, click on  
the icons to reveal more information.

TRANSPORTATION

ELECTRICITY

NATURAL GAS

WATER

SOLID WASTE

WASTEWATER

OTHER CATEGORIES

Strategies 

reduce water use, diversify water 
supply sources

California’s 2030 Vision 

develop and implement new water use 
targets beyond 20 percent reduction 
of existing goal, minimize water 
system leaks, develop a long-term 
water conservation regulation, update 
appliance efficiency regulations

Example Local CAP Measures 

conserve water, adopt outdoor 
landscape ordinance, collect rainwater, 
increase use of recycled water
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To read about California’s 2030 vision  
(as set forth in CARB’s 2017 Scoping Plan) 
and sample local CAP measures, click on  
the icons to reveal more information.

TRANSPORTATION

ELECTRICITY

NATURAL GAS

WATER

SOLID WASTE

WASTEWATER

OTHER CATEGORIES

Strategies 

reduce amount of wastewater, 
capture/re-use of methane

California’s 2030 Vision 

recover methane from wastewater 
treatment facilities

Example Local CAP Measures 

increase methane capture at 
treatment plants
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To read about California’s 2030 vision  
(as set forth in CARB’s 2017 Scoping Plan) 
and sample local CAP measures, click on  
the icons to reveal more information.

TRANSPORTATION

ELECTRICITY

NATURAL GAS

WATER

SOLID WASTE

WASTEWATER

OTHER CATEGORIES

California’s 2030 Vision 

15-20 million MT CO2e reductions
from natural and working lands
restoration; 40 percent reduction in
methane and other “super pollutants”;
Sustainable Freight; transitioning to
zero emissions where feasible, and
near-zero emissions with renewable
fuels everywhere else; cap-and-trade;
firm limit on 80 percent of emissions

Example Local CAP Measures

increase urban tree canopy cover, 
conserve open space
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A benefit-cost analysis and implementation cost analysis can help guide the selection of 
GHG reduction measures during CAP development, or inform CAP implementation.The main 
questions addressed in these cost analyses are:

Benefit-cost analysis perspectives

FOR MORE INFORMATION  
ON BENEFIT-COST ANALYSES,  
SEE TECHNICAL APPENDIX II I .

PERSPECTIVES DEFINITIONS

1. Administrator
Costs to the jurisdiction to  
administer and implement the CAP

2. Participant
Benefits and costs to residents and businesses 
to participate in a CAP measure activity

3. Non-participant
Ratepayers and taxpayers that fund  
rebates and incentives for participants

4. Measure
Combined benefits and costs 
of Perspectives 1 through 3

5. Society
Perspective 4 plus benefits/costs of impacts  
to public health, the economy, and the environment

Implementation cost analysis

A CAP implementation cost analysis 
provides information on the budgetary 
impact to a local jurisdiction to 
implement a CAP. The process to 
prepare the implementation cost 
analysis requires identifying staffing 
needs and other resources to carry  
out the CAP measures and actions. 

The data is typically collected in a  
way that considers existing versus  
new or expanded programs, funded 
versus unfunded costs, costs by 
department, costs by CAP measure, 
and costs over time.

FOR MORE INFORMATION  
ON CAP IMPLEMENTATION 
COST ANALYSES, SEE 
TECHNICAL APPENDIX IV.

CONSIDERING COSTS

A benefit-cost analysis assesses cost effectiveness and financial impacts per CAP measure. 
This benefit-cost analysis approach for CAPs has been adapted from the California Standard 
Practice Manual, which is used by the California Public Utilities Commission to evaluate the 
cost-effectiveness of energy efficiency programs. 

• For each CAP measure, what is the benefit
or cost to reduce one MT CO

2
e?

• What are the financial impacts to participants (e.g., home
and business owners) associated with each CAP measure?

• What is the budgetary impact to the local
jurisdiction to implement CAP measures?



CO-BENEFITS
The GHG reduction measures included in a CAP often have co-benefits, or positive external impacts, beyond GHG emissions reductions. These benefits are 
typically referenced throughout a CAP and highlighted using tables, figures, or icons. Co-benefits should be considered in tandem with the results of a benefit-
cost analysis. Examples of potential co-benefits include, but are not limited to, those seen in Figure 4. As co-benefits are often tied to specific GHG reduction 
measures, metrics for co-benefits can be monitored over time and included when reporting on CAP  progress.

FOR MORE INFORMATION  
ON CAP CO-BENEFITS, 
SEE THE CAP OUTLINE IN 
TECHNICAL APPENDIX V.
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Figure 4. CAP measure co-benefits

Improved air quality

Reduced energy use

Increased natural habitat

Improved public health

Reduced traffic congestion

Improved access to low-
cost transportation options

Enhanced safety

Improved water quality

Reduced heat island effects

Enhanced community 
character

Increased local green jobs

Improved resiliency 
to climate impacts
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Communicating to the public and decision-makers about the relative contribution of State, federal, 
regional, and local strategies for meeting a CAP’s reduction targets is a critical part of the local 
climate planning process. While there are different ways to present information about reduction 
measures, one commonly used graph is a wedge chart, shown in Figure 5. The wedge chart 
combines many of the GHG analyses of a CAP into one diagram. The wedge chart is helpful to see 
the relative impact of various GHG reduction measures and how each contributes toward reaching 
the locally-established GHG reduction target(s). The uncertainty of projecting into the future should 
be taken into consideration and communicated appropriately. These charts are based on the best 
available data at the time and should be updated during CAP reporting.

COMMUNICATING RESULTS 

Path to 2030

The State GHG reduction target 
for 2030 is far more aggressive 
than the 2020 target. Many local 
jurisdictions are on track to meet 
2020 GHG reduction targets, 
largely due to the GHG emissions 
reductions that come from State 
and federal programs. However, 
based on the latest information, 
achieving the GHG reductions  
to meet 2030 targets requires 
more local actions. Until there  
are new reductions from State 
and federal policies, local 
jurisdictions should expect to 
need more GHG reductions from 
local CAP measures to meet the 
2030 targets and work toward 
2050 goals.

BAU  
GHG EMISSIONS 
PROJECTIONS

GHG EMISSIONS 
PROJECTIONS AFTER 
FEDERAL AND STATE 

POLICIES

TARGET 
EMISSIONS REDUCTION 

AFTER LOCAL 
CAP MEASURES

Figure 5. Sample CAP wedge chart
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IMPLEMENTATION
CAP implementation involves coordination on a wide range of activities across many  
agencies and departments. While implementation is considered during CAP development, 
many jurisdictions undertake the development of an implementation plan following 
CAP adoption. An implementation plan lays out the process for implementing each GHG 
reduction measure of the CAP, including the timeframe, staff roles and responsibilities, cost, 
and potential funding opportunities. Definitions for the different steps, as seen in Figure 6, 
are available in Technical Appendix V. An implementation plan should remain adaptive to 
changes in the future, such as new funding, changes in costs, advances in technology, or 
time-sensitive opportunities.

Based on the staffing 
resources described in 
an implementation plan, 
many jurisdictions have 
identified a position 
responsible for overseeing 
and coordinating CAP 
implementation. This 
position is typically 
responsible for working 
across departments, 
gathering the necessary 
data to update the GHG 
inventory and prepare 
monitoring reports, 
collaborating with 
other jurisdictions on 
implementation of best 
practices, and other  
tasks related to local 
climate planning.

CAP implementation 
oversight

Figure 6. Implementation steps for a sample CAP measure

Measure

reduce municipal energy use  
below 2012 baseline energy use

Action Action Action

identify grants, rebates, 
and financing opportunities

TaskTask

conduct audits to quantify 
energy use and savings 
opportunities

implement Environmentally 
Preferable Purchase Policy

implement energy 
efficiency projects 
identified in audit

adopt policy that new 
municipal buildings will 
be zero net energy A SAMPLE CAP 

IMPLEMENTATION PLAN 
OUTLINE IS INCLUDED IN 
TECHNICAL APPENDIX V. 
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CEQA is constantly evolving. There are many CEQA 
considerations during climate action planning, including 
CEQA compliance for preparation of a CAP, use of 
“qualified” CAPs for subsequent project-level streamlining, 
mechanisms for streamlining, and case law. 

While each CAP is unique to the jurisdiction, there are two 
primary types of CAPs: policy document or CEQA-qualified 
(also known as a “qualified CAP”). Each method approaches 
the details of a CAP differently. No matter the type of CAP 
prepared, an adopted CAP provides a jurisdiction with a list 
of actions to achieve the GHG reduction targets outlined 
within their CAP.

CALIFORNIA ENVIRONMENTAL 
QUALITY ACT (CEQA)

A SAMPLE CAP 
OUTLINE IS 
INCLUDED IN  
TECHNICAL 
APPENDIX V.

Policy document 

A CAP prepared as a policy document sets  
GHG emissions reduction targets and  
establishes a range of reduction measures.  
A policy document CAP still contains action 
items and steps to achieve the reduction targets, 
as well as an outline of how progress will be 
measured. A jurisdiction with a policy document 
CAP typically implements measures through 
future actions.

Qualified CAP 

A qualified CAP refers to a CAP that meets 
the requirements of CEQA Guidelines 
Section 15183.5, including certification of a 
CEQA document. Unlike a policy document 
CAP, future development projects may take 
advantage of CEQA streamlining provisions by 
demonstrating consistency with the adopted 
qualified CAP. This is often established with 
a checklist that determines consistency with 
the jurisdiction’s land use and GHG reduction 
measures. A CEQA checklist can help save 
time, as projects are processed more quickly 
using the checklist, and can also reduce 
the number of environmental documents 
associated with development projects. FOR MORE 

INFORMATION ON 
CEQA AND CLIMATE 
ACTION PLANNING, 
SEE TECHNICAL 
APPENDIX V.
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MONITORING
Monitoring CAP 
implementation is a 
key part of the iterative 
climate planning process. 
Regular monitoring 
allows a jurisdiction to 
evaluate progress toward 
reaching their GHG 
reduction target, alter 
strategies or goals based 
on performance, and 
reassess future emissions 
projections. Early in the 
development of a CAP, 
staff should consider what 
data will be necessary 
to best monitor the CAP 
after it is adopted. There 
are several different 
ways to monitor CAP 
implementation, primarily 
by overall emissions and 
by reduction strategies, 
measures, and actions.

GHG inventories may not 
reflect the impacts of 
all local CAP measures. 
Monitoring local activity 
may provide a way to 
demonstrate progress  
on specific measures.

Monitor total emissions
Did overall emissions increase or decrease?  
Are emissions reductions on track to meet reduction targets?

Comparison of CAP baseline year to more recent year, visualizing  
reduction trends, comparison to State and local targets

Updated GHG inventory 

Question

Results

Data needs

Monitor overall emissions by category
Did emissions in each inventory category increase or decrease?

Which categories are achieving reductions faster/slower

Updated GHG inventory by category

Question

Results

Data needs

Monitor level of activity
Was the target level of activities associated with the  
GHG reduction measure/action achieved?

Effectiveness of measures, changes in activity from baseline

Updated activity data (e.g., program registration/participation information)

Question

Results

Data needs

Monitor non-quantifiable activities
Did the jurisdiction complete the supporting  
actions it committed to in the CAP?

Effectiveness of CAP actions/supporting measures

List of implementation activities

GHG 
INVENTORY

GHG 
REDUCTION 

STRATEGIES, 
MEASURES, 

AND 
ACTIONS

Monitor emissions reductions
Were the emissions reductions associated  
with the level of activity achieved?

Effectiveness of measures, changes in activity from baseline

Data used to calculate GHG emissions reduced per measure

Question

Results

Data needs

Question

Results

Data needs

FOR MORE 
INFORMATION ON 
CAP MONITORING 
AND REPORTING, 
SEE TECHNICAL 
APPENDIX VI.
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ONGOING COLLABORATION

The region’s unique geography lends itself well to 
collaboration; it consists of a single county, a single 
metropolitan planning organization (SANDAG), a 
single investor-owned utility (SDG&E®), and has a 
relatively small number of local jurisdictions, with  
18 cities and the County of San Diego. ReCAP provides 
technical methodologies and guidance for local 
jurisdictions preparing and implementing CAPs  
in the San Diego region. The methodologies  
presented in the ReCAP represent the best available 
science at this time. As new information and data 
become available, the ReCAP will be updated 
accordingly. Efforts to reduce GHG emissions and 
prepare for climate impacts are not confined to local 
jurisdictional boundaries. Collaboration allows the  
San Diego region to continue its leadership in 
addressing climate change.

There are a number of options for local agency staff to 
elevate the work on their CAP efforts for recognition. 
Locally, the San Diego Regional Climate Collaborative 
leverages resources and shares expertise to facilitate 
climate action planning amongst public agencies, 
and also elevates work being done in the San Diego 
region to State and federal leaders. Statewide, the 
Beacon Program, sponsored by the Institute for Local 
Government and the Statewide Energy Efficiency 
Collaborative, honors voluntary efforts by local 
governments to reduce GHG emissions, save energy, 
and adopt policies that promote sustainability. There 
also are a number of climate-focused conferences 
throughout California that serve as platforms to share 
work on local CAPs.
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This ReCAP was developed recognizing the 
importance of remaining flexible and adaptive 
to take advantage of new technologies, 
funding opportunities, and respond to 
community needs that allow each jurisdiction 
to successfully implement their CAP. 
Technology continues to change rapidly and 
can have dramatic impacts on how businesses 
and residents travel, use energy, and produce 
GHG emissions. 

Some technologies that will likely have 
an impact on CAP development and 
implementation include:

• autonomous vehicles

• transition from gasoline to  
zero-emission vehicles

• ridesharing, such as Uber/Lyft

• battery energy storage

• renewable electricity

MOVING FORWARD

Adaptation planning

The focus of climate action planning to 
date has been on reducing GHG emissions; 
however, the ongoing impacts of climate 
change are equally pressing issues that 
jurisdictions are addressing through 
adaptation planning. Adaptation planning 
addresses the vulnerabilities specific to 
a jurisdiction, focusing on ongoing and 
anticipated future climate-related impacts 
such as sea-level rise, increased temperature, 
and wildfire risk. While the primary focus of 
the ReCAP is on CAPs and mitigation of  
GHG emissions, adaptation is an important 
facet of comprehensive climate planning. 
Many jurisdictions have recognized this  
and are considering adaptation in their 
planning efforts.

Advanced technology

The State of California continues to extend 
and update its policies around GHG reduction 
targets, clean energy, zero-emission vehicles, 
sustainable communities, and much more. The 
2017 CARB Scoping Plan outlines a strategy 
for GHG reductions through 2030; however, 
the State continues to look toward the 2050 
goal and identify new and/or expanded 
policies and programs to meet future GHG 
reductions. Changing policies will have an 
impact on CAP development, especially when 
calculating projections.

California’s energy & climate policy
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1. Introduction 


This document is Appendix IV to the SANDAG Regional Climate Action Planning Framework (ReCAP).  
It provides guidance on estimating the cost to local jurisdictions of implementing CAP measures. Local 
decision-makers and community stakeholders often request this information during the Climate Action 
Plan (CAP) development and adoption process. 


The information presented in this report summarizes the process and considerations for estimating 
budget impacts incurred by a local jurisdiction to implement CAP measures. The costs borne by residents 
and businesses who are affected by CAP measures are not considered in this report, but are addressed 
in Technical Appendix III – Benefit-Cost Analysis of CAP Measures, which evaluates the overall cost-
effectiveness of CAP measures and the corresponding impact on residents, businesses, and other 
measure participants. 


While this report focuses on the implementation costs incurred by local jurisdictions to implement CAP 
measures, there are many other factors to consider when evaluating greenhouse gas (GHG) reduction 
measures, including the authority of the local jurisdiction, GHG reduction potential, time required to 
implement, policy changes required, and staff commitment. 


1.1 Organization of report 


Section 2 of this report presents an overview of CAP implementation cost analysis (ICA), including a 
discussion of the connection with the benefit-cost analysis of CAP measures, and when to conduct such a 
cost analysis during the climate action planning cycle. An overview of the processes and methods 
typically used to develop an ICA are described in Section 3. Section 4 summarizes the expenditure types 
that can comprise an ICA, including capital costs, salary and benefits, consultant costs, and supplies and 
materials. There are many variables to consider when evaluating costs, including whether a CAP 
implementation activity already exists or is part of a new or expanded effort, whether CAP activities have 
identified funding or whether a funding source is needed, whether to focus on total costs or incremental 
costs, and the time horizon of the analysis; these considerations are discussed in Section 5. Results of a 
cost analysis can be presented in a variety of ways that break down costs by CAP strategy, CAP 
measure, local jurisdiction department, and expenditure type. Examples of illustrative results are used in 
Section 6 to demonstrate different approaches to present results. Section 7 discusses the inherent 
limitations to consider when undertaking a CAP ICA and a brief conclusion is provided in Section 8. 


2. CAP implementation cost analysis overview 


2.1 What is a CAP implementation cost analysis? 


A CAP ICA estimates costs incurred by the local jurisdiction to implement measures and associated 
activities in the CAP. It answers the question: What is the budgetary impact to the local jurisdiction to 
implement CAP measures? This analysis considers costs associated with two broad categories of CAP 
implementation: (1) activities directly related to CAP measures and (2) overall CAP coordination and 
reporting. The first category includes activities to develop and implement CAP measures, such as 
developing ordinances, developing programs, conducting education and outreach, conducting energy or 
water saving projects in local jurisdiction facilities, and building bike lanes (Figure 1, blue boxes). The 
second category of activities would include regularly conducting GHG inventories to track progress, 
regularly reporting CAP progress, and internal coordination among departments (Figure 1, green boxes). 
These two categories are related and complementary.
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F igure 1 General cost  types inc luded in implementat ion cost  analys is  


 


2.1.1 Connection to benefit-cost analysis of CAP measures 
In addition to the fiscal impacts to a local jurisdiction, decision-makers and stakeholders also may be 
interested to know the estimated costs that could be borne by residents and businesses who are affected 
by CAP measures. These costs are not considered in this report, but are addressed in a Technical 
Appendix III: Benefit-Cost Analysis of CAP Measures1, which combines the local jurisdiction’s costs with 
those of residents and businesses to evaluate the overall cost-effectiveness of CAP measures and the 
impacts on those participating in CAP measure activities.  


The benefit-cost analysis uses a framework adapted from the California Standard Practice Manual 
(SPM)2 to estimate the benefits and costs associated with each measure. The SPM identifies four major 
perspectives, which help focus results on who is experiencing costs and benefits. This analysis presents 
results for the following perspectives, adapted from the SPM: 


• The local jurisdiction, which administers and implements the CAP measures (Administrator);  
• Homes, businesses, and, in some cases, the local jurisdiction, that participate in an activity defined in 


the CAP measure (Participant);  
• Local taxpayers or utility ratepayers that fund subsidies used by certain CAP measures 


(Non-Participants); and 


• Society in general, which may incur costs or benefits related to external impacts like public  
health effects. 


Combining the Administrator, Participant, and Non-Participant Perspectives, the Measure Perspective 
results in comprehensive programmatic view of the CAP measures. More details on the framework and 
methods used in the benefit-cost analysis are provided in the Appendix III: Benefit-Cost Analysis of  
CAP Measures. 


The results of the CAP ICA feed into the benefit-cost analysis of CAP measures (Figure 2) and help to 
develop the Administrator perspective, which generally includes non-capital costs incurred to implement 
CAP measures, and the Participant perspective, which would be any capital costs related to CAP 
measures that affect municipal operations or local infrastructure (e.g., bike lanes).


                                                      
1  Appendix III: Benefit-Cost Analysis of CAP Measures. 
2  California Standard Practice Manual: Economic Analysis of Demand-Side Programs and Projects (California Public Utilities Commission 


2001). 







ReCAP: Technical Appendix IV 


C A P  Im p l em en t a t i o n  C os t  A n a l ys i s  |  3  


F igure 2 Perspect ives for  benef i t  cost analys is   
and the ro le of  implementat ion costs  


 


 


2.2 When to conduct CAP implementation cost analysis 


Figure 3 presents the overall climate action planning process. A local jurisdiction may consider 
developing an ICA during one of several steps in the climate action planning process, including when 
GHG reduction estimates are being considered, during the CAP development and initial drafting process, 
when an implementation plan is developed, during the monitoring and reporting process, or when the 
CAP is being updated. The decision of when to conduct an ICA is based on the preference of the local 
jurisdiction and may be influenced by the completion timeline of a CAP, available funding, and staff 
availability. The following sections describe how an ICA could be considered during each of these steps. 


Figure 3 Cl imate act ion p lanning process  
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2.2.1 GHG reduction estimates and CAP development 
During the CAP development process, local jurisdictions develop a list of potential GHG reduction 
measures to be evaluated for inclusion in the CAP. Understanding the cost to a local jurisdiction to 
implement a CAP measure can help inform this evaluation. Staff input and time is necessary to complete 
an ICA, which is a factor in determining whether to estimate implementation costs at this point in the 
planning cycle. The level of staff involvement depends in part on the scope and complexity of the ICA: the 
more comprehensive the scope of the analysis, the more staff input is needed. More detail on the types of 
activities staff can expect to undertake are provided in Section 3.4 below. 


Results from an ICA also can be included in the implementation section of a CAP. Having numeric cost 
estimates for the potential budgetary impacts to a local jurisdiction at the time a CAP is being considered 
for approval provides an additional level of specificity for decision-makers and stakeholders.  


An ICA also can occur is when a local government is updating a CAP. In addition to monitoring, some 
CAPs also call for regular CAP updates. For example, the County of San Diego CAP calls for updates 
every five years. An ICA can inform the CAP update process in ways similar to those described above in 
this Section.  


2.2.2 Implementation plan 
If a detailed estimate of CAP implementation costs is not completed or included in the CAP document,  
the analysis can be completed at the time a local jurisdiction develops a standalone CAP implementation 
plan. Most CAPs include a section on implementation, but more detailed and specific implementation 
plans are generally developed after the CAP is adopted. Similar to considering cost at the point of 
selecting GHG reduction measures to include in the CAP, conducting a cost analysis for an 
implementation plan provides results that can be considered with a range of other variables to help 
decision-makers and staff prioritize when measures are implemented.  


2.2.3 Monitoring and reporting 
Many CAPs include requirements to regularly monitor and report on the progress of measure 
implementation and emissions reductions. At this point in the climate action planning cycle, local 
jurisdictions could evaluate numerous aspects of the CAP to determine progress, including overall 
emissions, emissions by sector, performance metrics associated with specific measures and actions,  
and whether supporting activities have been completed.3 If results of monitoring efforts show that 
emissions levels are not on track to meet targets, local jurisdictions can reconsider existing measures that 
are not reducing emissions as expected and add new measures to achieve additional GHG reductions. 
An ICA also can be completed at this point to provide staff and decision-makers with information about 
the fiscal impact of these changes. 


2.3 Updating the implementation cost analysis 


The sections above describe the points at which a local jurisdiction can estimate CAP implementation 
costs throughout the climate planning cycle. Once an initial analysis is complete, either for CAP 
development or for an implementation plan, subsequent implementation cost analyses generally respond 
to specific changes to a CAP, including the impacts of adding, altering, or removing CAP measures. In 
these cases, the analysis would likely be specific to the changes being proposed, rather than updating the 
entire ICA.  


It may be necessary to periodically update the ICA for the entire CAP—including any modifications—to 
understand the impacts of marginal changes that have occurred through the monitoring process. If a CAP 
is being updated regularly, these update intervals could serve as a point in time to update a CAP ICA. 
This would allow the local jurisdiction to evaluate the collective impact of any changes to the CAP and to 
project costs out into the future.  


                                                      
3  For more details on considerations for monitoring and reporting progress, see Appendix VI: Climate Action Plan Monitoring and Reporting. 
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3. Process and method to estimate CAP implementation costs 


The goal of a CAP ICA is to estimate the cost of implementation of the activities called for in CAP 
measures and actions. The general steps in the process are: identify the anticipated tasks required to 
implement CAP actions; identify the staffing needs to complete the required tasks; identify the non-
staffing needs; and estimate staffing costs and non-staffing costs, including capital, consultant, and 
supply and material expenditures (Figure 4). This is a data-driven process based on inputs and estimates 
from local jurisdiction staff. This section will briefly describe each step, including overall data collection.  


Figure 4 Process to develop CAP implementat ion costs 
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3.1 Identify anticipated CAP tasks 


The first step in the process is to identify a set of tasks that represent the expected workload to implement 
the measures and actions of the CAP. CAPs generally include measures, which are high-level goals. 
Each measure includes a series of actions that the local jurisdiction will implement to reduce GHG 
emissions directly through changes to government facilities and operations or to put in place policies or 
programs that affect residents and businesses. In turn, each action will have associated tasks, which can 
be specified in the CAP document or implementation plan (Figure 5). Some measures also have 
supporting activities, which indirectly help achieve the reductions associated with a measure but are not 
shown in Figure 5. Tasks associated with supporting measures can also be part of the ICA. 
Implementation costs can be estimated for the entire action, using the tasks as guides to determine the 
associated workload, or by task. Estimating costs by task requires a more detailed analysis and additional 
staff time. 


Figure 5 Ident i f y CAP implementat ion tasks 


 
 
CAP actions and supporting measures generally have a timeframe for completion. This can help staff to 
sequence tasks in a way that represents the likely phasing of work to complete CAP activities, which can 
allow for a more accurate estimate of costs.  


3.2 Identify anticipated staffing and non-staffing needs 


Based on the anticipated tasks, local jurisdiction staff must estimate the staffing needs, consultant costs, 
capital costs, and supplies and materials needed. Because some activities and programs included in a 
CAP have not been implemented previously, it can be difficult to assess staffing and other expenditure 
needs. Local jurisdiction staff can look to analogous tasks and programs as examples to estimate costs.  


3.3 Estimate CAP implementation costs  


After identifying anticipated staffing and non-staffing needs to implement the CAP, the next step is to 
assign a cost. The CAP implementation costs associated with the anticipated tasks are based on data 
collected and provided by local jurisdiction staff. Section 4 describes the potential costs to be included in 
the analysis in more detail.  
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3.4 Data collection  


The data collection process for the CAP ICA can be facilitated by use of a data collection tool. Because it 
is likely that numerous staff from different departments will be providing data, a standard template helps 
to ensure data consistency. A data collection tool can include the specific variables a local jurisdiction 
would like to highlight. In general, a tool would collect enough data to calculate the costs to implement all 
CAP actions and supporting measures. The number of hours required to complete CAP implementation 
activities is one of the main inputs for a cost analysis, along with other expenditure categories like capital, 
consultants, and supplies and materials. The data collection tool also can collect information on other 
variables to allow results to be organized by:  


• CAP strategy;  


• CAP measure;  


• CAP action, depending on the number of actions included;  


• local jurisdiction department;  


• local jurisdiction staff position;  


• expenditure type;  


• program status; 


• position status; and  


• funding source. 


Detail about these categories is provided in Sections 4 and 5 below. Ultimately, the format of the data 
collection tool and the process to collect data depends on the preferences of the local jurisdiction, scope 
of analysis, and data needed. Table 1 provides an illustrative example of a data collection tool that 
focuses on staffing effort and cost. Additional rows could be added to account for multiple years, 
additional departments and positions, and to collect costs for non-staffing budget categories, such as 
capital and consultant costs. 


Table 1 Example data col lec t ion tool  







ReCAP: Technical Appendix IV 


C A P  Im p l em en t a t i o n  C os t  A n a l ys i s  |  8  


3.4.1 Staff role in data collection 
Data collection is a time-intensive process that requires local jurisdiction staff to obtain information across 
several departments and enter the data on level of effort (hours) and cost into the collection tool. Using 
the example provided in Table 1, staff would enter the hours required by each position. It may be 
necessary to customize the data collection tool to be specific for each participating department, 
depending on the scope of the analysis. Primary validation occurs after total estimated costs are 
collected. A second round of validation can occur when preliminary results are available for staff review.  


4. Which CAP implementation costs to include 


The type and number of costs evaluated depend on the goals of the analysis. For example, if a local 
jurisdiction is primarily concerned with the staffing impacts of implementing CAP measures, then focusing 
only on salary and benefit costs would be sufficient. If a local jurisdiction wanted to know the total cost to 
implement a CAP, then evaluating all expenditure categories would yield a more complete estimate. Local 
staff typically develop the necessary data to evaluate CAP implementation costs. In general, the broader 
the scope of the analysis—that is, the more expenditure categories that are considered—the higher the 
level of staff involvement required.  


4.1 Expenditure categories 


Each local jurisdiction may have its own expenditure categories and system of grouping expenditures, but 
general categories include: capital, salary and benefits, consultants, and supplies and materials. The 
expenditure categories used to collect and analyze cost data can be determined by local jurisdiction 
preferences and general budgeting conventions.  


4.1.1 Capital 
Capital expenditures by local jurisdictions are typically for projects and programs related to local 
jurisdictional operations, such as installing solar photovoltaics (PV) on municipal facilities, but can also 
include public works projects that affect the broader community, such as bike lane construction. 


4.1.2 Salary and benefits 
The salary and benefits category represents the personnel costs to implement CAP activities. Salary and 
benefit costs are calculated using estimated hours for each staff position that would be required to 
implement CAP activities and the fully-burdened hourly rate, which typically includes current base salary, 
benefits (e.g., healthcare and retirement), and any other associated overhead costs (e.g., equipment). 
Some jurisdictions have positions (e.g., permitting and inspection) that have rates designed to recoup 
other costs. In such cases, local jurisdictions can determine the most appropriate rate to use. 


The analysis can include an annual increase to hourly rates to reflect increasing personnel costs. The 
rate of increase can be based on a labor agreement or an anticipated or reasonably expected cost 
increase. Using constant hourly rates across the analysis period could add uncertainty, depending on the 
level of future increases. The effects would depend on the proportion of total implementation costs 
represented by salary and benefits. For implementation cost estimates that only evaluate personnel 
costs, the effects of holding rates constant when actual rates increased across the analysis period would 
be more significant.   
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4.1.3 Staffing impact 
The number of hours estimated for salary and benefit costs are used to develop an estimate of the 
staffing impacts that would result from the anticipated tasks related to each CAP measure. Staffing 
impacts are typically expressed in full-time equivalents (FTEs). To determine FTEs, the total number of 
hours is divided by the total work hours in a year (typically 2,080 hours), but this value can be customized 
to the number used by the local jurisdiction. It is also possible that local jurisdiction departments use a 
different number of hours to represent a full-time position or productive time; in this case, one 
consideration is whether to use a common number of hours per year to create consistency across the 
analysis.  


Staffing impacts can vary from one year to the next based on the level of work associated with CAP 
implementation tasks. In order to understand changes from one year to the next, staffing impact results 
can be expressed as total or incremental positions. Total positions represent the total positions needed in 
a given year to implement identified CAP activities. Incremental positions are the additional positions 
needed each year and represent the difference between the total staffing needs in one year and the total 
needed in the previous year. Annual incremental values can be summed across years to determine the 
total additional positions that would be needed over the entire ICA horizon (e.g., five years). In the 
example provided in Table 2, the total number of staff positions needed would range from ten in the first 
fiscal year to 16 in the final fiscal year, demonstrating a need for six new positions over the five-year 
period. Based on the level of work in each year, Table 2 shows that two positions should be added in 
Year 2, three in Year 3, and one in Year 4. 


Table 2 Example of  annual incremental and cumulat ive total  staf f ing (FTE)  


 


4.1.4 Consultants 
Local jurisdictions often hire external consultants to support CAP implementation activities. Costs 
associated with this expenditure category can occur in the early years—or “startup” phase—of the CAP 
for discrete short-term tasks, or for ongoing implementation support over a longer duration. Local 
jurisdictions may retain consultants during CAP implementation to develop ordinances, prepare 
environmental documents under the California Environmental Quality Act (CEQA), conduct transportation 
demand studies, analyze emissions and CAP progress to regularly monitor and report CAP progress, and 
other related tasks. 


4.1.5 Materials and supplies 
Many CAP activities require materials and supplies. These can include brochures and meeting materials 
for outreach activities. Local jurisdiction staff are typically able to estimate the costs associated with these 
materials based on experience with other programs and planning efforts. 


4.2 Other cost considerations 


Other cost implications of CAP implementation activities should be considered.  


4.2.1 Lost revenue 
There are instances in which CAP measures result in lost revenue. For example, if a local jurisdiction 
waives solar PV permitting fees, the revenue that would have been realized for this activity would be lost; 
this is seen as a cost to the local jurisdiction. These costs can be considered as part of the CAP 
implementation cost estimate.  
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4.2.2 Operational efficiencies 
It is possible that certain programs in the CAP could create operational efficiencies that could reduce 
internal costs. For example, a CEQA-qualified CAP could include a checklist to streamline the process for 
development projects to demonstrate their GHG reductions and/or consistency with the adopted CAP. 
While one purpose of streamlining is to reduce time and costs for the project developer, it is possible that 
the streamlined process also could reduce processing costs for the local jurisdiction. If there were a 
method for staff to estimate the potential cost reductions from future projects that might seek approval 
during the timeframe of the ICA (e.g., first five years of CAP implementation), these costs could be 
considered.  


4.2.3 Ability to compete for grant funding 
While the focus of the ICA is identifying the costs for implementing a CAP, local jurisdictions with CAPs 
may also have a competitive edge in competing for grant funding. It is difficult to quantify the benefits of 
this ability to compete for grant funding, but there are examples of grant programs requiring CAPs as 
eligibility requirements and/or referencing an adopted CAP in evaluation criteria. Examples include grant 
programs from the Greenhouse Gas Reduction Fund (GGRF), California Energy Commission’s 
Alternative and Renewable Fuel and Vehicle Technology program, and SANDAG’s grant programs, 
described below. 


SANDAG’s TransNet Smart Growth Incentive Program (SGIP) and Active Transportation Grant Program 
(ATGP) have been modified to require both a locally adopted CAP and complete streets policy as 
prerequisites to be eligible for grant funding. In addition, the evaluation criteria have been updated to 
provide greater weight to project proposals that directly reduce GHG emissions. 


Grant funding could reduce implementation costs related to CAP measures. While it may not be possible 
to project future levels of funding, it should be acknowledged that a jurisdiction with a locally adopted CAP 
is eligible for such funding. 


5. Considerations for evaluating CAP implementation costs 


This section discusses the following considerations for evaluating the costs associated with CAP 
implementation programs and activities: 


• Program status – whether CAP programs already exist or will be part of an expanded or new effort; 


• Funding status – whether CAP activities are already funded or if additional funding would be 
necessary; 


• Position status – whether a position exists or is new; 


• Total or incremental costs – whether CAP activities are incremental to the CAP and would not have 
occurred without CAP adoption; 


• Funding source – whether a funding source for existing and new and expanded programs has been 
identified; and 


• Timeframe of analysis – the number of years to be considered. 


These considerations can be applied to activities to implement CAP actions and supporting efforts or the 
more detailed tasks required (Figure 5 in Section 3.1 above).   
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5.1 Program status  


Program status describes whether a CAP program or related activity already exists or represents an 
additional cost due to a new or expanded effort. Distinguishing between existing, expanded, and new 
activities helps to determine the incremental impacts of the CAP. Possible categories for program  
status are: 


• Existing – Existing activities would have been implemented regardless of CAP adoption; 


• Expanded – Expanded activities represent an increase to the level of activity of an existing program 
for the sole purpose of meeting GHG reduction targets in the CAP; 


• New – New activities are those undertaken specifically to implement CAP measures. The 
combination of new and expanded activities constitutes the incremental activities associated with the 
CAP that would otherwise not have happened; 


• Completed – It is possible, depending on the baseline year, that activities included in the CAP as a 
GHG reduction measure are already completed by the date the CAP is adopted. For example, a CAP 
with a 2010 baseline that is adopted in 2016 could have completed activities between 2010 and 2016 
that could reduce emissions. Completed measures are likely to include actions focused on municipal 
facilities and operations, but also could include infrastructure projects, like bike lanes, or similar 
projects to encourage multi-modal opportunities.  


5.1.1 Position status 
Similar to program status, position status can be used to determine the need for new staff positions to 
complete the anticipated activities in the CAP. Two position status designations can be used: 


• Existing positions – These positions exist regardless of CAP adoption; and 


• New positions – These positions are additional positions needed only to meet incremental work 
load due to CAP adoption. New staff positions would represent the “incremental staffing impact” of  
the CAP. 


Total positions required—existing plus new positions—would represent the “total staffing impact” of  
the CAP. 


5.2 Funding status 


Funding status determines whether an activity is already funded or whether additional resources must be 
identified. This designation helps to identify the incremental funding needs associated with CAP 
implementation. Possible categories for funding status are: 


• Funded – Activities that have approved, committed funding from a specific source. Both existing and 
new and/or expanded activities can be funded.  


• Unfunded – Unfunded activities currently do not have approved funding from a specific source and 
are assumed to be unfunded because they represent additional activities and costs that are 
incremental to existing programs because of the CAP. Local jurisdictional staff and decision-makers 
may choose to focus on the unfunded portion of the CAP implementation costs, since these affect 
future budgeting and resource allocation decisions. It is likely that all existing programs are funded, 
though there is a possibility that certain programs that exist would need additional funding or funding 
for an extended period of time. These cases could be captured in the new and/or expanded 
categories to highlight incremental activity. 
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5.3 Total or incremental activity costs 


A CAP ICA can estimate total costs, incremental costs, or both. As described above, whether an activity 
and its associated cost is incremental to the CAP is a function of program status. Total cost is determined 
by summing the cost of all activities by expenditure type. The proportion of the total activity that is 
associated with the new activities and the expanded portion of existing activities is considered 
incremental activities (Figure 6). Incremental activity costs can comprise funded and unfunded activities; 
this represents the total cost to implement activities that would not have occurred without CAP adoption. 
Costs associated with unfunded incremental activities in this example represent the amount of additional 
funding that would be necessary to complete activities that would only be undertaken because of the 
CAP. This amount could be referred to as the “incremental budget impact” of the CAP.  


Figure 6 Framework for  determin ing incremental costs  


 


5.4 Funding source 


Another variable that can be considered is the funding source for CAP activities. For existing, funded 
activities, the funding source information likely is readily available. Staff and decision-makers may want to 
know potential funding sources for new and expanded activities, particularly for the subset of activities 
that are unfunded. Funding sources can include typical local jurisdiction budget sources (e.g., general 
fund, enterprise revenue, or fees and deposits) and external funding sources (e.g., grants or utility 
partnerships). The funding sources used to categorize unfunded activity costs are a preference of the 
local jurisdiction and can be determined based on their budget nomenclature and conventions. 


As the CAP ICA is a snapshot based on the best available information at the time of the analysis, it is 
possible that funding sources could change over the implementation horizon of a CAP measure as new 
funding sources become available and/or existing funding sources go away.  


5.5 Timeframe of analysis 


The number of years to evaluate in a CAP ICA depends on several factors, including the budget forecast 
cycle of a local jurisdiction and the implementation timeframe of CAP measures. A CAP ICA can include a 
range of years, typically up to five years, depending on the local jurisdiction. Some jurisdictions in the San 
Diego region have included annual cost estimates for the first five fiscal years while others have included 
the first year of implementation and then a combined total for Years 2-5. 
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Because CAP implementation cost estimates are intended to inform a local jurisdiction’s budgeting 
process, such analyses generally do not extend to the end year of the CAP. Local governments generally 
have budget forecast cycles of about five years, while some CAPs have implementation horizons of  
20-25 years.  


CAP documents typically include an implementation framework that includes a timeframe in which each 
CAP measure or action will be completed. This information can help estimate the cost associated with 
CAP activities. CAP activities will phase in and out during the cost analysis time horizon, so some 
activities may start and be completed before the end of the analysis horizon, while others may start in the 
analysis horizon but end in a year that is beyond the scope of a cost analysis.  


6. Presenting the results 


CAP ICA results can be presented in a variety of ways, ranging from a summary of results to a more 
detailed breakdown of costs. The way these results are presented is ultimately determined by the local 
jurisdiction. This section presents illustrative examples of how to present implementation cost results.4  


6.1 Total cost 


Total cost results can be presented as high-level totals or as more detailed tables and figures. Figure 7 
presents high-level results from an illustrative CAP implementation cost estimate in the framework 
described in Section 5.3. This allows for consistency in presenting overall cost results in the same 
framework used to identify incremental costs (new and the expanded portion of existing activities). In this 
illustrative example, the incremental costs, or budget impact, due to CAP adoption is $1,150,000, half of 
total costs. Of this amount, 50% is funded. The remaining 50% ($575,000) is unfunded and would 
represent the activities that would require additional resources to complete, also known as the 
incremental budget impact of CAP implementation. Figure 7 also provides a possible framework for 
presenting costs in the report. First, total costs are presented and then are broken down into incremental 
costs. To the extent that unfunded, new, and expanded programs are the ultimate focus of the analysis, 
these can be highlighted.  


Figure 7 Tota l CAP implementat ion cost  diagram 


                                                      
4  Note that values are rounded and may not sum to totals presented. 
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Figure 8 is an example of how to present annual costs by program status. In this example, costs rise 
slowly in the first several years before leveling off just under $500,000, and half of the total costs are 
associated with existing programs.  


Figure 8 Annual CAP implementat ion cost by program status  


  
Table 3 presents annual costs for both program and funding status in a tabular format. This is an example 
of detailed results that include several aspects of the analysis in one table. 


Table 3 Cost to  local jur isdic t ion to implement CAP  
measures by program and funding status  
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6.2 By CAP strategy 


CAP implementation costs can also be organized by CAP strategy. This provides the broadest view of 
CAP-related costs and can be compared to GHG emissions categories to the extent that they match.  


Table 4 presents total cost results in a tabular format for each fiscal year, and Figure 9 presents the same 
information, but in a bar chart.  


Table 4 Annual CAP implementat ion costs by CAP s t rategy 


 


Figure 9 Tota l implementat ion cost  by CAP strategy 
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6.3 By CAP measure 


Presenting results by CAP measure adds an additional layer of detail beyond presenting results by CAP 
strategy. It is possible to present results by CAP action, which is the next most detailed view of the CAP, 
but depending on the number of actions, this can be problematic. Some CAPs have more than 50 
actions, which may not be feasible to present.  


Table 5 is an example that shows total CAP implementation costs for CAP measures by year. The table is 
sorted to present the highest total cost CAP measure at the top and lowest cost CAP measure at  
the bottom.  


Table 5 Annual to ta l  CAP implementat ion costs  by CAP measure 


 
Table 6 presents costs by CAP measure, but is limited to incremental, unfunded activity costs.  


Table 6 Annual incremental  unfunded CAP  
implementat ion costs  by CAP measure 
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6.4 By department 


Presenting implementation cost results by local jurisdiction department can help staff and decision-
makers understand the distribution of cost impacts across the agency. Table 7 presents total costs by 
department for each fiscal year.  


Table 7. Annual to tal  CAP implementat ion cost  by department  


 
 
Table 8 presents the annual incremental unfunded costs. This could help staff and decision-makers 
understand the amount and distribution of the incremental budgetary impact to a local jurisdiction, as well 
as to each department. Figure 10 presents the same information in a bar chart format.  


Table 8 Annual incremental  unfunded CAP implementat ion costs by depar tment  


 


Figure 10 Annual incremental  unfunded CAP implementat ion costs by depar tment  
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6.5 By expenditure type 


Table 9 presents total costs by expenditure type by fiscal year. 


Table 9 Annual to ta l  CAP Implementat ion cost  by expenditure category 


 
 


Table 10 presents annual incremental unfunded costs by expenditure category, and Figure 11 presents 
the same information in a bar chart format. 


Table 10 Annual incremental  unfunded CAP  
implementat ion costs  by expendi ture category 


 
 


Figure 11 Annual incremental  unfunded CAP implementat ion  
costs  by expendi ture category 
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6.5.1 Staffing impacts 
As noted above, staffing impacts can be presented as a cumulative number of positions needed to 
implement CAP activities or the annual additions required to reach the total staffing levels required. 
Figure 12 shows total annual staffing impact by position status. It shows the total number of staff positions 
that would be needed to implement the anticipated level of activity in the CAP. In this example, staffing 
impacts increase to eight FTE positions by the fourth year and remain at that level for the final year. 
Because the values presented are cumulative totals, it would not be appropriate to sum them. Instead, 
the eight FTEs required in the fifth year represent the total number of staff positions that would be needed 
to complete CAP implementation activities.  


Figure 12 Cumulat ive staf f  impact by posi t ion status  


  


Figure 13 Annual new incremental s taf f ing impact  


Figure 13 presents the annual incremental positions needed. In this example, two additional positions 
would be needed each year between FY 2018/19 and FY 2020/21 to reach the needed levels presented 
in Figure 12. This represents the incremental staffing impact. 
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7. Limitations of CAP implementation cost estimates 


Any cost estimate has inherent limitations that create a level of uncertainty. While a CAP ICA is 
conducted using the best available information, data, and methods, the following limitations may apply.  


7.1 CAP status 


As described in Section 2.2, a CAP ICA can be done at different points in the climate action planning 
cycle. The status of the CAP, whether or not it has been adopted, can affect the applicability of results. 
For example, an ICA could be based on measures, actions, and supporting activities contained in a draft 
CAP. Because a draft CAP is subject to change, the final suite of measures and actions contained in an 
adopted CAP could have a different level of associated cost and staffing impact than those evaluated 
based on the draft CAP.  


7.2 Preliminary estimate 


The cost and staffing impact estimates included in a CAP ICA are typically considered preliminary 
estimates. Because there is limited information available about the specific tasks that would be required 
to implement CAP actions and supporting activities, the estimates presented here are based on 
reasonable assumptions about the work to be performed. Over time, the specific tasks required to 
implement final CAP measures will become clearer, and considerations for how to coordinate and 
sequence activities can be made, which may also affect the ultimate cost and effort to implement the 
final CAP. 


7.3 Limited time horizon 


Most CAP implementation cost estimates evaluate cost and staffing impacts for the first five years of CAP 
implementation and do not estimate costs to the local jurisdiction through the end year of the CAP. As a 
result, CAP ICA is a snapshot over a limited time horizon, similar to the process local jurisdictions use to 
forecast expenditures for budgetary purposes. A local jurisdiction may have a program that extends past 
the budget forecast horizon, but only the costs included in the budget period are considered.  


7.4 Limited scope of analysis 


A CAP ICA can be limited, depending on the scope. The more limited the scope, the more limited the 
results. For example, an analysis that only estimates the staffing impacts would yield results limited to this 
expenditure category. While staffing impacts are necessary to determine CAP implementation costs, it is 
insufficient to determine the total cost, which would also have to include cost estimates for capital, 
consultants, and supplies and materials. Depending on the CAP, these categories can represent a large 
portion of total implementation costs. Also, if a cost estimate focused only on total costs, it would not 
provide information on the incremental nature of those costs.
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7.5 No consideration of GHG emissions 


CAP ICAs do not consider the GHG emissions associated with CAP measures. It is common for cost 
analyses to normalize cost across GHG emission reductions in a CAP; that is, to divide costs by GHG 
emissions to derive a cost per ton of carbon-dioxide equivalent ($/MT CO2e). This would be inappropriate 
in the case of an ICA because there is no way to correlate the amount of GHG reductions that would 
occur due to the specific expenditures estimated for a given time frame (e.g., five years). For example, it 
would not be accurate to divide costs for the first five years by the total GHG reductions that are expected 
by 2030, because there will be additional local jurisdiction costs associated with achieving those 
reductions in later years. GHG reductions are incorporated into a CAP benefit-cost analysis, which also 
includes data and results from an ICA, to determine CAP measure cost-effectiveness ($/MT CO2e; see 
Technical Appendix III – Benefit-Cost Analysis for CAP Measures). 


8. Conclusion 


This document provides guidance to estimate the cost to local jurisdictions of implementing CAP 
measures. Local decision-makers and community stakeholders often request this information during the 
CAP development and adoption process. 


The information presented here summarizes the process and considerations for estimating budgetary 
impacts incurred by a local jurisdiction to implement CAP measures, both in terms of cost and staffing 
impact (or FTEs). The costs borne by residents and businesses who are affected by CAP measures are 
not considered in this report, but are addressed in Appendix III: Benefit-Cost Analysis of CAP Measures, 
which evaluates each CAP measure to determine whether there is a net benefit or cost to residents and 
businesses participating in or affected by CAP measures.  


Cost and staffing impacts from a CAP ICA can be presented in numerous ways, depending on the 
amount of data collected for the cost estimate, including: CAP strategy; CAP measure; local jurisdiction 
department; staff position; program status (e.g., existing versus new); funding status; and expenditure 
category. Collecting sufficient information to present data related to all these factors requires significant 
staff time. In general, the amount of staff time required to collect data for a CAP ICA is proportional to the 
number of factors to be considered.  


While this report focuses on the implementation costs incurred by local jurisdictions to implement CAP 
measures, there are many other factors to consider when evaluating GHG reduction measures, including 
local jurisdiction authority, GHG reduction potential, time required to implement, policy changes required, 
and staff commitment. 


This document is for community-wide climate action planning under the SANDAG ReCAP only and may 
be updated to include new data collection and calculation methods in the future. 





		1. Introduction

		1.1 Organization of report



		2. CAP implementation cost analysis overview

		2.1 What is a CAP implementation cost analysis?

		2.1.1 Connection to benefit-cost analysis of CAP measures



		2.2 When to conduct CAP implementation cost analysis

		2.2.1 GHG reduction estimates and CAP development

		2.2.2 Implementation plan

		2.2.3 Monitoring and reporting



		2.3 Updating the implementation cost analysis



		3. Process and method to estimate CAP implementation costs

		3.1 Identify anticipated CAP tasks

		3.2 Identify anticipated staffing and non-staffing needs

		3.3 Estimate CAP implementation costs

		3.4 Data collection

		3.4.1 Staff role in data collection





		4. Which CAP implementation costs to include

		4.1 Expenditure categories

		4.1.1 Capital

		4.1.2 Salary and benefits

		4.1.3 Staffing impact

		4.1.4 Consultants

		4.1.5 Materials and supplies



		4.2 Other cost considerations

		4.2.1 Lost revenue

		4.2.2 Operational efficiencies

		4.2.3 Ability to compete for grant funding





		5. Considerations for evaluating CAP implementation costs

		5.1 Program status

		5.1.1 Position status



		5.2 Funding status

		5.3 Total or incremental activity costs

		5.4 Funding source

		5.5 Timeframe of analysis



		6. Presenting the results

		6.1 Total cost

		6.2 By CAP strategy

		6.3 By CAP measure

		6.4 By department

		6.5 By expenditure type

		6.5.1 Staffing impacts





		7. Limitations of CAP implementation cost estimates

		7.1 CAP status

		7.2 Preliminary estimate

		7.3 Limited time horizon

		7.4 Limited scope of analysis

		7.5 No consideration of GHG emissions



		8. Conclusion






sandag.org/climate 


P R E P A R E D  B Y  P R E P A R E D  F O R  


 


 


 


 


 


 


 


 


 


 


 


 


 


TECHNICAL APPENDIX III 


Benefit-Cost Analysis 
for CAP Measures  
M A Y  2 0 1 8  
 


 


 


REGIONAL CLIMATE  
ACTION PLANNING  
FRAMEWORK 
 







ReCAP: Technical Appendix III 


B e n e f i t -C os t  A na l ys i s  f o r  C A P  Me a su r es  


Prepared in partnership with the San Diego Association of Governments (SANDAG) and  
the Energy Roadmap Program. This Program is primarily funded by California utility customers and administered  


by San Diego Gas & Electric Company under the auspices of the California Public Utilities Commission. 


 







ReCAP: Technical Appendix III 


B e n e f i t -C os t  A na l ys i s  f o r  C A P  Me a su r es  |  i  


TABLE OF CONTENTS 
1. Introduction ........................................................................................................................ 1 


1.1 Guiding principles .......................................................................................................................... 1 


2. Benefit-cost analysis overview ......................................................................................... 1 
2.1 When to conduct CAP benefit-cost analyses ................................................................................ 2 


2.1.1 Implement CAP ................................................................................................................ 3 
2.2 Monitor and report progress .......................................................................................................... 3 
2.3 Perspectives .................................................................................................................................. 3 


2.3.1 Administrator perspective ................................................................................................ 4 
2.3.2 Participant perspective .................................................................................................... 4 
2.3.3 Non-Participant perspective ............................................................................................. 5 
2.3.4 Measure perspective ....................................................................................................... 5 
2.3.5 Societal perspective ......................................................................................................... 5 


2.4 Types of benefits and costs ........................................................................................................... 6 
2.4.1 Direct benefits and costs ................................................................................................. 6 
2.4.2 External benefits and costs .............................................................................................. 7 


2.5 Benefit-cost analyses key terms and concepts ............................................................................. 8 
2.5.1 Target year ....................................................................................................................... 8 
2.5.2 Useful life ......................................................................................................................... 8 
2.5.3 Installation year ................................................................................................................ 8 
2.5.4 Normalized dollars ........................................................................................................... 9 


3. Benefit-cost analyses metrics ......................................................................................... 10 
3.1 Net present value (NPV).............................................................................................................. 11 


3.1.1 Discount rate .................................................................................................................. 11 
3.1.2 Net benefit versus net cost ............................................................................................ 12 


3.2 Dollar per metric ton of CO2e ...................................................................................................... 12 
3.2.1 Weighted average dollar per metric ton of CO2e ........................................................... 12 


3.3 Benefit-cost ratio .......................................................................................................................... 12 
3.4 Payback period ............................................................................................................................ 12 
3.5 Return on investment .................................................................................................................. 13 
3.6 Internal rate of return ................................................................................................................... 13 


4. Methods for analyzing benefits and costs ..................................................................... 14 
4.1 Identification of stakeholders impacted and benefits/costs ......................................................... 15 


4.1.1 Administrator perspective .............................................................................................. 15 
4.1.2 Participant perspective .................................................................................................. 15 
4.1.3 Non-participant perspective ........................................................................................... 16 


4.2 Data collection and normalization ............................................................................................... 16 
4.3 Distribution of benefits and costs over lifetime ............................................................................ 17 
4.4 Calculate present value benefits and costs ................................................................................. 18 


4.4.1 Present value benefits and costs in target year ............................................................. 18 
4.5 Calculate net present value ......................................................................................................... 19 


4.5.1 Net present value in target year..................................................................................... 19 
4.6 Calculate dollar per metric ton of CO2e ....................................................................................... 19 


4.6.1 Weighted average dollar per metric ton of CO2e ........................................................... 19 
4.7 Calculate benefit-cost ratio .......................................................................................................... 20 


4.7.1 Weighted average benefit-cost ratio .............................................................................. 20 
4.8 Calculate discounted payback period.......................................................................................... 20 


4.8.1 Weighted average discounted payback period .............................................................. 21 
4.9 Calculate ROI .............................................................................................................................. 21 







ReCAP: Technical Appendix III 


B e n e f i t -C os t  A na l ys i s  f o r  C A P  Me a su r es  |  i i  


4.9.1 Weighted average ROI .................................................................................................. 21 
4.10 Calculate IRR .............................................................................................................................. 22 


4.10.1 Weighted average IRR .................................................................................................. 22 
4.11 Sensitivity analyses ..................................................................................................................... 22 


5. Data needs and assumptions – measure examples ...................................................... 23 
5.1 Energy-related measures ............................................................................................................ 23 


5.1.1 Example 1: Adopt a residential solar PV ordinance ...................................................... 23 
5.1.2 Example 2: Adopt a residential energy conservation ordinance ................................... 24 


5.2 Water-related measures .............................................................................................................. 25 
5.2.1 Example 3: Adopt a residential water conservation ordinance ...................................... 25 
5.2.2 Example 4: Water rate changes to encourage water conservation ............................... 26 
5.2.3 Example 5: Adopt a landscaping ordinance  requiring weather-based irrigation 


controllers ...................................................................................................................... 27 
5.3 Transportation-related measures ................................................................................................ 27 


5.3.1 Example 6: Switch out municipal fleet vehicles with ZEV ............................................. 28 
5.3.2 Example 7: Increase number of miles of bicycle lanes.................................................. 29 
5.3.3 Example 8: Retime traffic signals .................................................................................. 29 
5.3.4 Example 9: Install roundabouts ..................................................................................... 30 


5.4 Urban forestry-related measures ................................................................................................. 31 
5.4.1 Example 10: Increase canopy cover of urban forest ..................................................... 31 


6. Presenting the results ..................................................................................................... 32 
6.1 Cost-effectiveness of CAP measures .......................................................................................... 33 


6.1.1 Tables ............................................................................................................................ 33 
6.1.2 Scatterplots .................................................................................................................... 33 
6.1.3 Paired bar graphs .......................................................................................................... 34 
6.1.4 Marginal abatement cost curves .................................................................................... 35 


6.2 Impact of CAP measures on participants .................................................................................... 37 
6.3 Summary results by measure ...................................................................................................... 38 


7. Limitations ........................................................................................................................ 39 
7.1 Data availability and case studies ............................................................................................... 39 


7.1.1 Data availability .............................................................................................................. 39 
7.1.2 Monetizing externalities ................................................................................................. 39 
7.1.3 Developing ranges ......................................................................................................... 39 


7.2 Scope of impacts ......................................................................................................................... 40 
7.3 Timeframe analyzed .................................................................................................................... 40 


7.3.1 Application of historic data ............................................................................................. 40 
7.3.2 Target year selection ..................................................................................................... 41 


7.4 GHG reduction methodologies .................................................................................................... 41 
7.5 Comparing BCA results for multiple CAPs .................................................................................. 42 


8. Conclusion ....................................................................................................................... 42 


9. References........................................................................................................................ 43 
 


 







ReCAP: Technical Appendix III 


B e n e f i t -C os t  A na l ys i s  f o r  C A P  Me a su r es  |  1  


1. Introduction 


This document is Appendix III to the SANDAG Regional Climate Action Planning Framework (ReCAP). 
The document is separated into eight sections. Section 2 provides an overview of benefit-cost analyses, 
including perspectives analyzed, types of benefits and costs considered, and key terms and concepts. 
Section 3 defines the metrics used in a benefit-cost analysis1 (BCA). Section 4 provides a discussion on 
how to interpret results and the methods used to conduct a BCA. Section 5 provides examples of 
measure inputs and assumptions. Section 6 outlines the various ways to visualize and communicate 
results. Section 7 discusses limitations in the methods as defined in this document. Section 8 is the 
conclusion. 


While the methods can be applied to Climate Action Plans (CAPs) for jurisdictions outside the San Diego 
region, some data and information presented in this document are specific to the San Diego region and 
jurisdictions in the San Diego region.  


1.1 Guiding principles 


This document is developed under the following guiding principles: 


• Transparency: methods are transparent to readers and uncertainty is recognized to the extent 
possible; 


• Use of accepted methods: methods are based, to the extent possible, on those generally-accepted 
and utilize standard economic approaches and metrics; 


• Data-driven: methods incorporate applicable benefits and costs for multiple perspectives, which are 
supported by relevant and available data; 


• Local relevancy: methods are relevant to the San Diego region and the jurisdictions in the San 
Diego region to the extent possible; 


• Regional consistency: methods are applied consistently across measures within a CAP and across 
different CAPs to the extent feasible; and 


• Flexibility and adaptability: methods are regularly updated to be consistent with best practices. 


2. Benefit-cost analysis overview 


A BCA of a CAP’s measures is designed to assist jurisdictional staff, decision-makers, community 
members, and other stakeholders understand the potential economic impacts of those measures. The 
BCA answers two questions: (1) What is the benefit or cost for each measure to reduce one metric 
ton of carbon dioxide equivalent (MT CO2e)?; and (2) What are the financial impacts to participants 
(e.g., home and business owners) associated with each measure? It should be noted that BCA 
results should not be taken out of the broader context of a CAP, and are only one consideration of many 
when analyzing measures to include in or already included in a CAP (Figure 1). 


 


                                                      
1  A benefit-cost analysis is also commonly referred to a cost-benefit analysis. Nomenclature used here is consistent with the U.S. EPA and 


that used in other SANDAG projects. 
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F igure 1  Cons iderat ions for  analyzing CAP measures 


 


2.1 When to conduct CAP benefit-cost analyses 


The overall climate action planning process is depicted in Figure 2. The time at which a BCA is conducted 
during this cycle can vary by jurisdiction and results can be applied differently at each stage. 


Figure 1 Cl imate act ion p lanning process 
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Develop and maintain CAP 
When the benefits and costs are analyzed during the CAP development stage, results can assist 
decision-makers and stakeholders in selecting measures that are viable in their jurisdiction. Additionally, 
when a CAP is updated, a new BCA can be conducted to analyze the impacts of the new CAP version. 
This is especially important when significant changes are made to CAP measures or when new measures 
are added. 


2.1.1 Implement CAP 
Analyses conducted after CAP adoption can assist in identifying which CAP measures to prioritize and 
results can be used in outreach materials to educate the public on potential positive impacts to the 
community beyond greenhouse gas (GHG) reductions. 


2.2 Monitor and report progress 


During the monitoring and reporting stages, new jurisdiction-specific data will become available that can 
be used to update inputs into the CAP BCA, adjusting the results to more accurately reflect impacts of a 
CAP measure. 


2.3 Perspectives 


One consideration, when evaluating the benefits and costs of CAP measures, is to determine whose 
benefits and costs are being evaluated. In the context of a CAP measure, there are multiple perspectives 
that determine the scope of analysis, including the Administrator of the program (e.g., the jurisdiction), 
Participants in the program (e.g., residents and businesses within the jurisdiction), and those who pay 
the cost to subsidize programs (Non-Participants; e.g., taxpayers or utility ratepayers). The Measure 
perspective, which combines these three main perspectives, allows for a more comprehensive view and 
includes costs to administer CAP programs, benefits and costs to homes and businesses, and the cost of 
providing any subsidies. Adding externalities, which are not accounted for in the direct costs and benefits, 
to the Measure perspective provides a broader Societal perspective. 


The framework in Figure 3 summarizes these five perspectives, identifies who is potentially affected by a 
measure, and provides examples of their respective benefits and costs. The framework described here 
has been adapted from the California Standard Practice Manual, which is used by the California Public 
Utilities Commission (CPUC) to evaluate the cost-effectiveness of energy efficiency programs and has 
recently been adapted into a National Standard Practice Manual (CPUC 2001; NESP 2017).  
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F igure 2 Conceptual f ramework  of  BCA perspect ives 


 


2.3.1 Administrator perspective 
The Administrator perspective answers the question: What are the financial benefits and costs to the 
jurisdiction as a result of implementing CAP measures? While there are likely no direct monetary 
benefits to the jurisdiction associated with CAP administration-related activities, there are several types of 
costs that could be incurred, including personnel, consultants, and supplies/materials. Activities covered 
by this perspective primarily include research, development, implementation, monitoring, and 
enforcement of CAP programs and policies. However, capital costs associated with measures that directly 
affect municipal operations (e.g., energy efficiency retrofits for municipal facilities, replacing municipal 
fleet vehicles with hybrid or zero-emission vehicle [ZEV] alternatives) are not included here, but are under 
the Participant perspective. 


It is recommended that a BCA be performed in partnership with a CAP implementation cost analysis (see 
Technical Appendix IV—CAP Implementation Cost Analysis); all costs for the Administrator perspective 
can be obtained from an implementation cost analysis or by following the methodology identified in 
Technical Appendix IV. 


2.3.2 Participant perspective 
The Participant perspective answers the question: What are the financial benefits and costs to 
residents, businesses, and the jurisdiction to participate in or take action to comply with a CAP 
measure? There are benefits and costs associated with a home or business owner participating in or 
complying with an action defined in a CAP measure. For example, a residential energy efficiency retrofit 
measure could result in costs to the homeowner that include audit and reporting costs, in addition to the 
capital needed for the retrofit itself. The reduction in energy consumption due to the retrofit would then 
provide the homeowner with benefits in the form of energy bill reductions over the lifetime of that retrofit. 
Participants can also receive cost reductions in the form of rebates, incentives, and tax credits, which are 
considered a cost to Non-Participants.  


For the jurisdiction, this perspective includes all capital costs directly associated with the jurisdiction’s 
participation in or compliance with a CAP measure as well as the resulting benefits.   
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2.3.3 Non-Participant perspective 
The Non-Participant perspective answers the question: What are the financial benefits and costs, if 
any, to subsidize activities of participants? Residents and businesses within the jurisdiction could 
incur indirect costs or realize indirect benefits even if they are not engaging in an activity defined in a CAP 
measure. In general, Non-Participant costs are defined as the cost to subsidize activities of Participants 
through rebates, incentives, and tax credits. Non-Participants incur this cost through taxes, fees, and/or 
utility surcharges. Who is defined as a Non-Participant can vary and is not limited to those within the 
geographic boundary of the jurisdiction (Figure 4). 


Figure 3 Examples of  Non-Par t ic ipants  at  var ious levels  


  


2.3.4 Measure perspective 
The Measure perspective answers the question: What are the total financial benefits and costs 
associated with a CAP measure? The three perspectives defined above provide discrete and valuable 
insights, but individually do not represent a complete view of the monetary impacts of a CAP measure. 
For instance, looking solely at the Participant perspective may obscure the true cost of a measure, 
particularly if an action is highly subsidized and/or the jurisdiction incurred large costs for educational 
outreach to encourage that action. The Measure perspective combines the Administrator, Participant, and 
Non-Participant perspectives for a more programmatic view of the direct benefits and costs associated 
with a CAP measure.  


2.3.5 Societal perspective 
The Societal perspective answers the question: What is the overall financial benefit or cost to society 
for a given CAP measure? This is the broadest perspective; it adds the benefits and costs associated 
with external impacts to the Measure perspective. The difference between the Measure and Societal 
perspectives is the total benefit or cost of externalities. Potential externalities include impacts to the 
economy, public health, and the environment. In general, externalities are more difficult to quantify and a 
qualitative assessment may need to be incorporated where sufficient quantitative data is not available. 


In addition to measure-specific externalities, the U.S. Environmental Protection Agency’s (EPA’s) social 
cost of carbon (SCC) is applied to all measures to estimate a base level of avoided environmental 
damages and health costs associated with the reduction of carbon dioxide (CO2).   
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2.4 Types of benefits and costs 


The benefits and costs associated with a CAP measure fall into one of two categories: direct  
and external. 


2.4.1 Direct benefits and costs 
Direct benefits and costs are those directly related to implementing a CAP measure or engaging in an 
action defined by a CAP measure (Figure 5). Typical direct benefits include cost savings in the form of 
utility bill or fuel purchase reductions. Typical direct costs include the purchase, installation, and 
maintenance of equipment or other services (e.g., a solar photovoltaic [PV] system). Financial incentives 
or subsidies, such as rebates and tax credits, are considered cost reductions, or negative direct costs, for 
Participants.  


Figure 4 Examples of  potent ia l  d irec t benef i ts  and costs re lated to CAP measures 


 
Considerations for estimating direct benefits and costs 
All relevant direct benefits and costs must be identified in order to accurately capture the value of  
the CAP measure(s) being analyzed. Key considerations to assist in identifying direct benefits and  
costs include: 


• Useful life: benefits and costs that are experienced over the entire lifetime of a project or action 
should be considered. For some measures, the useful life could be a short period of time (e.g., traffic 
signal retiming, water rate increases) or much longer (e.g., urban forestry, mass transit). See  
Section 2.4.2 for further discussion on useful life. 


• Incremental activity: CAP BCAs look at the impact of the CAP relative to business-as-usual 
behavior. For some measures, this means that the incremental cost associated with an action should 
be considered (e.g., a measure that aims to replace a municipal fleet with alternative fuel vehicles). 
While municipalities switch out vehicles as they reach their useful life with or without the CAP, the 
CAP only specifies which type of vehicle to purchase. As such, the difference in cost between the 
alternative fuel vehicle and non-alternative fuel vehicle should be considered as the cost of the action 
defined in the measure.  
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2.4.2 External benefits and costs 
Benefits and costs associated with positive or negative externalities are the result of indirect effects of an 
action (Figure 6) and tend to be more difficult to quantify. Positive externalities generally associated with a 
CAP include public health benefits from reduced air pollution, increased ecosystem service value, and 
reduced national dependency on imported fossil fuels. Examples of negative externalities include 
pollution created from the disposal of solar panels at the end of their useful life and public health costs 
associated with poor air quality from fossil fuel extraction, production, and combustion.  


Figure 5 Examples of  potent ia l  external  benef i ts   
and costs re lated to CAP measures 


 
Considerations for estimating external benefits and costs 
Key considerations to assist in identifying externalities to include in the analysis are: 


• Geographic Scale: effects of external costs and benefits accrue at different geographic scales. 
There can be local, regional, statewide, national, and global effects from actions. For example, 
reducing emissions from a power plant located in a densely-populated neighborhood will improve 
local air quality, which can affect the public health of local residents, while at the same time reducing 
GHG emissions, which affects global climate. Some measures may have widely distributed external 
costs and benefits, such as reducing emissions from cars and trucks. 


• Scope: an important consideration when considering externalities is to determine what to include and 
exclude from the scope of analysis. For example, when evaluating the effects of different 
transportation fuels, there are several scopes of analysis: well-to-tank, which evaluates the effects of 
getting the fuel to the vehicle; tank-to-wheels, which evaluates the effects of combusting fuel to power 
a vehicle; and well-to-wheels, which evaluates the effects from the entire fuel production cycle 
through combustion. 


• Consistency: whether to include external factors for one measure but not others. It is likely that 
estimates for external costs and benefits will not be available for all measures, so it could be 
misleading to include the effects for certain measures but not others. 


• Timeline of Effects: external cost and benefits can impact society at different times. For example, 
reducing tailpipe emissions in a city may have an immediate effect on air quality and thus public 
health. On the other hand, reducing GHG emissions, while connected to local air quality, may affect 
global climate over years or decades.  
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2.5 Benefit-cost analyses key terms and concepts 


This section provides definitions and discussions around the following key terms and concepts involved in 
a CAP BCA: target year, useful life, installation year, and normalized dollars. 


2.5.1 Target year 
The target year represents a point in time when the impacts of a CAP measure are being considered and 
is most often associated with a target or goal year identified in the CAP (e.g., 2020 and 2030). In addition 
to target years identified in a CAP, a BCA can analyze activity necessary to achieve a certain level of 
emissions in an interim-target year (e.g., 2025). The BCA considers benefits and costs over the useful life 
of all actions that contribute to GHG reductions in the target year; however, results are specific to GHG 
reductions in the target year (Figure 7).  


Dollar values expressed in a target year are not necessarily actual benefits or costs to be realized in that 
particular year. The total benefits and costs accrued over the useful life are apportioned to the GHG 
reductions associated with that measure. The values in the target year reflect the value of the GHGs 
reduced in that year and are used in lieu of actual cash flows assigned to the target year because costs 
and benefits in earlier years are partially responsible for GHG reductions in that year. For instance, a 
solar PV system installed in 2015 will still be reducing GHGs in the 2020 target year; however, the bulk of 
the capital costs were experienced earlier on. 


2.5.2 Useful life 
A useful life (project life) is the operating life of a project and represents how long a project will last before 
it must be replaced. BCAs examine the benefit and cost streams over the entire useful life to accurately 
capture all benefits and costs associated with a measure. Actions identified in CAP measures typically 
have a project life that extend past the target year(s) identified in the CAP (Figure 7). Restricting the 
analysis to only the target year could significantly undervalue or overvalue the impacts of a measure. For 
example, increasing miles of bicycle lanes can have high upfront capital costs with benefits (fuel 
reductions from commuters) spread over a long useful life (greater than 25 years). Stopping the analysis 
before the project has reached the end of its useful life would reduce the benefits associated with that 
action, placing a higher emphasis on the costs.  


2.5.3 Installation year 
The installation2 year (install year) is the initial year in which an action occurs. Measures can include 
multiple installation years. For example, the year in which a household installs a solar PV system is that 
household’s install year; however, not all solar PV systems will be installed in a single year to achieve 
GHG reductions in the CAP, but over a number of years. For most measures, the installation year is not 
included as part of the useful life and no benefits or GHG reductions are achieved in that year. This 
accounts for construction periods (e.g., installing a solar PV system, constructing a bicycle lane) during 
which GHG reductions are not achieved, but capital is being outlaid. 


A BCA considers the benefits, costs, and GHG reductions associated with all installation years leading up 
to the target year. Figure 7 depicts the relationship between the installation year, target year, and useful 
life. In this conceptual example, a measure has a goal of reducing 40 MT CO2e in the target year, 2020. 
To achieve this goal, an incremental level of activity is taken between 2015 and 2018 (installation years), 
where each project reduces ten MT CO2e annually over its useful life, seven years. In this simplified 
example, there would be no further GHG emission reductions after activity in the fourth installation year 
reached the end of its useful life, 2025, so long as no additional activity occurs. 


                                                      
2  Note: the term ‘installation’ is being used here to refer to any general type of activity that begins, not necessarily the direct install of 


equipment. This can also include an alternative fuel vehicle purchase, home retrofit, water rate increase, etc. 
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F igure 6 I l lustrat ion of  target  year ,  insta l lat ion year ,  and usefu l l i fe  for  a measure 


 


2.5.4 Normalized dollars 
Dollar values are normalized to a base year to accurately analyze historic and current benefit and cost 
data. This process reduces the interannual impact of external influencers, such as inflation and deflation, 
on the value of goods or services. While several indices exist to normalize dollar values, the Consumer 
Price Index (CPI) is one of the most common to be applied (FRB Dallas 2017). Normalization must be 
done using the same base year for all measures in the BCA for consistency and to allow for comparison 
across measures.   
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3. Benefit-cost analyses metrics 


Several metrics can be used to analyze the results of a BCA (Figure 8). The applicability of each metric 
will vary depending on the needs of each jurisdiction and how they anticipate applying the BCA in the 
decision-making process. Additionally, metrics should be analyzed together and in coordination with 
calculated GHG reductions to understand the feasibility and practicality of a given measure; no individual 
metric should be used on its own for decision-making purposes. The following sections describe each 
metric in more detail.  


Figure 7 Potent ia l  metr ics for  a CAP benef i t -cost  analys is  


 
 
Not all metrics can be calculated or are applicable for each BCA perspective. For instance, even though 
the internal rate of return (IRR) and return on investment (ROI) values can be calculated for the 
administrator perspective, they do not reasonably describe the cost-effectiveness of a jurisdiction’s CAP 
implementation costs because the jurisdiction would have no corresponding benefits associated with 
implementation. As such, they should not be included in the analysis to avoid confusion.  


Also, while a metric may be appropriate for a perspective, it might not always be available. For instance, a 
payback period cannot be calculated for measures whose benefits never outweigh the costs. Additionally, 
a benefit-cost ratio (BCR) can only be calculated for perspectives with both a benefit and cost stream.
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3.1 Net present value (NPV) 


Net present value, or NPV, is a common way to express the results of a BCA. In a BCA, it is important to 
account for the time value of money; receiving ten dollars today is worth more than receiving ten dollars in 
the future. Calculating the NPV addresses this concern by applying a discount rate to both the benefits 
and costs. This metric represents the difference between the present value benefits and present value 
costs of an action over its useful life.3  


3.1.1 Discount rate 
A discount rate, r, is used to convert future values to present worth. According to the U.S. EPA, projects 
within a short to medium lifespan (less than 50 years) are assigned a discount rate of approximately 3%, 
derived from consumer-time preferences based on the interest rate of a risk-free asset such as a 
government bond (U.S. EPA 2010). Conversely, the federal Office of Management and Budget (OMB) 
assigns a standard discount rate of 7%, derived from the opportunity cost of private capital, measured by 
the before-tax rate of return to investment, for projects with similar lifespans (OMB 2000). To account for 
this range in recommendations, a 5% discount rate is applied as the default value with a 3% and 7% 
discount rate used for sensitivity analyses.4 The discount rate selected is a key variable and has an 
impact on BCA results. Higher discount rates lower the value of future welfare (i.e., lessens the value of 
future dollars relative to the baseline year in the analysis), while lower discount rates place a higher value 
on future welfare. Additionally, higher discount rates tend to make projects less attractive when costs are 
paid upfront and benefits are spread out over many years.  


Additionally, all values are discounted back to the same year, regardless of an individual measure or 
action start year; this ensures that the individual measure results are compatible and comparable with 
other measures analyzed in a CAP. The baseline year selected typically aligns with the CAP’s baseline 
year. The example in Figure 9 illustrates how a CAP can have measures with actions that begin in 
different years, but all are discounted to the same baseline year in the analysis. In this example, Measure 
1 begins in 2015 and Measure 2 begins in 2017, but both are discounted back to the 2015 baseline year.  


Figure 8 Discount ing measures wi th d if ferent  star t  years 


                                                      
3  Present value in this context and going forward represents the value in the start year of the analysis, not the current year. 
4  Both the EPA and OMB suggest performing a sensitivity analysis with a suite of discount rates to identify how results respond to different 


time-value preferences. 
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3.1.2 Net benefit versus net cost 
When summing all benefits and costs of an action over its useful life, the NPV can be either positive (net 
benefit) or negative (net cost). A net benefit indicates that benefits received outweigh the costs incurred, 
and a net cost indicates the reverse. 


3.2 Dollar per metric ton of CO2e 


The dollar per metric ton of carbon dioxide equivalent ($/MT CO2e) represents the total benefit or cost 
associated with reducing one MT CO2e in any given year by taking an action defined in that particular 
CAP measure. This metric builds on the NPV of a measure and is another standard metric to include in a 
CAP BCA. It is a way of standardizing the results of all measures that allows for comparisons across 
measures, and provides a way to estimate the annual value of a measure in relation to its GHG 
reductions in that year. Like the NPV, a positive value indicates a net benefit per ton reduced, whereas a 
negative value indicates a net cost per ton reduced. 


3.2.1 Weighted average dollar per metric ton of CO2e 
As described earlier, most measures will have multiple installation years associated with their defined 
action(s) and the benefits, costs, and GHGs reduced from an activity in one year could be different from 
the same type of activity in the following year (e.g., changes in installation price, rebates that have since 
expired, etc.). Since the GHGs reduced in the target year are not always equal for all actions in years 
previous, it is necessary to calculate a weighted average dollar per MT CO2e. By calculating a weighted 
average, all costs and benefits associated with the actions taken to achieve the GHG reductions in the 
target year are incorporated into the analysis and then scaled according to their contribution of GHG 
reductions in the target year. 


3.3 Benefit-cost ratio 


The BCR is a metric commonly used to assess the relationship between the benefits and costs of a 
project or action. If a BCR is greater than one, then benefits of the measure outweigh costs; if it is less 
than one, costs outweigh benefits. While this metric does not provide a great deal of insight for a single 
measure, it does illustrate the relative cost-effectiveness when comparing multiple measures against 
each other; measures with higher BCR values tend to be more cost-effective. For the Participant 
perspective only, treatment of subsidies (rebates and incentives) can impact the result. Treating subsidies 
as cost-reductions reduces the denominator, whereas including them as benefits to the Participant 
increases the numerator. The inclusion of a subsidy as a cost-reduction or benefit to the Participant must 
be consistent across measures to allow for comparable results. Methodologies outlined in this document 
identify all subsidies as cost-reductions to the Participant. 


3.4 Payback period 


A payback period is the amount of time required for the cumulative benefits of a project to equal or 
surpass the cumulative costs of an action or measure (Figure 10). Payback periods can only be shown for 
measures (or perspectives) that have a positive NPV; a negative NPV indicates that the benefits will 
never equal or outweigh the costs over an action’s lifetime.  
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F igure 9 Conceptual d iagram of  an act ion’s payback per iod 


 
There are two types of payback periods that can be considered: simple and discounted. The simple 
payback period is the easiest to calculate, as it ignores the time value of money. The discounted payback 
period does take into consideration the time value of money and, by discounting future values, the time 
required for benefits to exceed costs is extended further into the future. As such, a discounted payback 
period is recommended for any CAP BCA.  


3.5 Return on investment 


ROI is a metric that measures the rate of return, or profitability, for a project to evaluate its efficiency. 
ROIs are expressed as a percentage; the higher the percentage, the greater the return or profitability of a 
project. For measures where costs significantly outweigh benefits, a highly negative ROI value can be 
obtained (not to exceed -100%). Like the BCR, the ROI is useful when comparing multiple actions to 
understand which are potentially the most cost-effective. Similar to the payback period, ROIs can be 
calculated using simple or discounted benefits and costs. A simple ROI is more easily understood and is 
more comparable to actual interest rates, which do not account for future discounting. As such, a simple 
ROI is recommended for any CAP BCA.  


3.6 Internal rate of return 


The IRR represents the discount rate necessary to achieve an NPV equal to zero given the benefits and 
costs of a measure or action over its useful life. Similar to the ROI, the IRR is expressed as a percentage; 
a higher percentage generally means a project is more desirable, and negative IRRs indicate the benefits 
never outweigh the costs. The IRR is used to compare projects and determine which projects are better 
investment opportunities.    
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4. Methods for analyzing benefits and costs 


The BCA for each CAP measure follow the same general methods outlined in Figure 11. 


Figure 10 General methods for  CAP benef i t -cost  analyses 


 
 
For all measures, GHG calculations must be consistent with those used in estimating GHG reductions for 
the CAP (see Technical Appendix II – GHG Reduction Calculation Methods for CAP Measures for further 
discussion). Additional data may be required to apply calculated GHG reductions at an individual activity 
level (e.g., average GHGs reduced per solar PV system installed, average mode share switch per mile of 
bicycle lane installed). Requirements will vary by measure, but defining assumptions and collecting data 
all follow the same methods detailed here.
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4.1 Identification of stakeholders impacted and benefits/costs 


The data collection process is guided by identifying stakeholders impacted in each perspective. The 
following sections help to identify those groups and the benefits/costs included in the analysis that are 
received/incurred by each.  


4.1.1 Administrator perspective 
The Administrator perspective is comprised solely of jurisdiction departments and agencies that will 
undertake some type of activity related to implementing the CAP measure. Jurisdiction costs for CAP 
implementation can be collected from a CAP implementation cost report (see Technical Appendix IV – 
CAP Implementation Cost Analysis). 


4.1.2 Participant perspective 
An individual measure can have multiple Participant groups that are impacted depending on the level of 
specificity for each CAP measure. The solar PV system example in Figure 12 shows that, at a higher 
level, stakeholders include residential and commercial customers, and more specific sub-stakeholders are 
identified based on the type of construction. For the solar PV measure, the costs associated with 
installations on existing construction can vary greatly compared to the costs of installing solar PV systems 
during construction of a new home or commercial building. The individuals who comprise the two types of 
construction groups can also vary: existing construction typically refers to current home or business 
owners, whereas new construction can include developers. For some measures, the jurisdiction can also 
be considered a stakeholder under this perspective (e.g., installation of solar PV on municipal buildings). 


Figure 11 Potent ia l  s takeholders  impacted by a solar  PV system ord inance 
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Key questions asked for each identified Participant include: 


• Are there any upfront costs for purchase/installation? 


• Are there any ongoing maintenance costs and, if so, at what frequency are they incurred  
(e.g., annually, biannually)? 


• Does the activity reduce consumption (electricity, natural gas, water, fuel, etc.)? 


• What rebates and incentives are available? 


• What rate schedules apply to Participant groups? 


• What type of transaction is involved (e.g., purchase or lease)? 


• Are there permitting requirements associated with the measure? 


4.1.3 Non-participant perspective  
Non-Participants are those who fund rebates and incentives (through taxes, fees, etc.) that Participants 
use to offset costs. Data needed to estimate the impact on Non-Participants is the same as that for any 
rebates or incentives identified for Participants (shown as cost reductions for Participants and costs for 
Non-Participants). 


4.2 Data collection and normalization 


Data collection follows the hierarchy outlined in Figure 13. Data specific to the jurisdiction are used 
whenever possible for benefit and cost values, as well as for key assumptions (e.g., useful life). In 
instances where data specific to the jurisdiction are unavailable or incomplete (e.g., due to limited historic 
activity), regional or statewide data can be applied. In the absence of sufficient regional or statewide data, 
estimates provided in current literature can be used. Local datasets provide information on historical 
installations specific to the jurisdiction (e.g., California Solar Initiative Solar Thermal data). Regional 
datasets are not specific to the jurisdiction, but to the local region (e.g., county-level data, water district 
program data). State datasets refer to data and/or case studies at the State level; case studies might not 
include the jurisdiction. Examples of best available literature include reports from federal agencies (e.g., 
USDA Forest Service) applicable to regions broader than the State level. 


Figure 12 Data col lect ion h ierarchy for  CAP benef i t -cost analyses 


 
 
All collected dollar values must be normalized to the same base year using the CPI. Normalization 
reduces interannual impacts of outside influences (inflation, deflation, etc.) on dollar values. Failing to 
normalize data can skew results of the analysis. Any year can be selected as the base year5 (or year to 
normalize all values to) as long as the same base year is used consistently throughout the BCA. All dollar 
values used must be normalized before integrating them into calculations using the following equation: 


                                                      
5  Note: the base year used for normalization is separate from the baseline year used in a CAP and for discounting. 
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Equat ion 1 Normalizat ion of  data values us ing consumer pr ice index 


𝑋𝑋0 = 𝑋𝑋𝑡𝑡 ∗
𝐶𝐶𝐶𝐶𝐶𝐶0
𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡


 


Where,  
𝑋𝑋0 = normalized dollar value in base year 
𝑋𝑋𝑡𝑡 = nominal dollar value in year t 
𝐶𝐶𝐶𝐶𝐶𝐶0 = Consumer Price Index in base year 
𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡 = Consumer Price Index in year t 


When the dollar year is not specified for data value(s) in a report or literature used, the year of publication 
is applied for normalization. 


4.3 Distribution of benefits and costs over lifetime 


For each measure, the benefit and cost streams are laid out over the entire lifetime associated with that 
particular activity for the particular perspective(s) being analyzed. In the example in Figure 14, 2015 is 
considered the first installation year and the useful life is seven years (2015-2022). The year 2016 is 
considered the second install year and the benefits and costs go out through 2023 (a seven-year life). 
This example does not differentiate between perspectives, but the same process is applied to each by 
adding or removing the appropriate benefits and costs for that perspective and measure. Additionally, 
each install year will have corresponding GHGs that are reduced annually. Annual GHG reductions for a 
particular install year will not vary by perspective. 


Figure 13 Example of  benef i ts  and costs  la id out  
over  usefu l  l ives  for  mult iple ins ta l l  years  
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4.4 Calculate present value benefits and costs 


Once all benefits and costs have been laid out over the action’s useful life, the discount rate is applied to 
both the benefit and cost streams for each installation year to calculate their respective present values 
(Equation 2 and Equation 3, respectively). 


Equat ion 2 Present va lue benef i ts  ca lculat ion 


𝐶𝐶𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏 = �
𝐵𝐵𝑡𝑡


(1 + 𝑟𝑟)𝑡𝑡


𝑇𝑇


𝑡𝑡=0


 


Equat ion 3 Present va lue costs calculat ion 


𝐶𝐶𝑃𝑃𝑐𝑐𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏 = �
𝐶𝐶𝑡𝑡


(1 + 𝑟𝑟)𝑡𝑡


𝑇𝑇


𝑡𝑡=0


 


Where,  
𝐶𝐶𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏 = present value of benefits stream 
𝐵𝐵𝑡𝑡 = benefits in year t 
𝐶𝐶𝑃𝑃𝑐𝑐𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏 = present value of costs stream 
𝐶𝐶𝑡𝑡 = costs in year t 
𝑟𝑟 = discount rate 
𝑇𝑇 = useful life of measure/action 


4.4.1 Present value benefits and costs in target year 
Present value benefits and costs represent the total of each over all useful lives. However, a CAP BCA is 
meant to show results with respect to a particular target year. To achieve this, the present value benefits 
and costs are apportioned to the GHGs reduced over each install year’s useful life and then multiplied by 
the GHGs reduced in the target year for that install year (Equation 4 and Equation 5). Results are totaled 
for all install years to calculate the total benefit and cost in the target year for a given measure. 


Equat ion 4 Present va lue benef i ts  in  target year calculat ion 


𝐶𝐶𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 𝑦𝑦𝑡𝑡𝑡𝑡𝑟𝑟 =
𝐶𝐶𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏
∑ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑇𝑇
𝑡𝑡=0


∗ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡=𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡  


Equat ion 5 Present va lue costs in  target year ca lculat ion 


𝐶𝐶𝑃𝑃𝑐𝑐𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏  𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 𝑦𝑦𝑡𝑡𝑡𝑡𝑟𝑟 =
𝐶𝐶𝑃𝑃𝑐𝑐𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏


∑ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑇𝑇
𝑡𝑡=0


∗ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡=𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡 


Where,  
𝐶𝐶𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏 = present value of benefits stream 
𝐶𝐶𝑃𝑃𝑐𝑐𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏 = present value of costs stream 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = greenhouse gases reduced in year t 
𝑇𝑇 = useful life of measure/action 
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4.5 Calculate net present value  


NPV is calculated as the difference between the present value benefits and the present value costs for 
each install year (Equation 6). 


Equat ion 6 Net present  va lue calculat ion 


𝑁𝑁𝐶𝐶𝑃𝑃 = 𝐶𝐶𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏 − 𝐶𝐶𝑃𝑃𝑐𝑐𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏 
Where,  
𝑁𝑁𝐶𝐶𝑃𝑃 = net present value 
𝐶𝐶𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏 = present value of benefits stream 
𝐶𝐶𝑃𝑃𝑐𝑐𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏 = present value of costs stream 


4.5.1 Net present value in target year 
Similar to the present value benefits and costs, NPV must be apportioned across all GHGs reduced over 
each install year’s useful life to find the NPV in the target year. This can be done using Equation 4 and 
substituting NPV in for PVbenefits or more simply by subtracting the target year’s present value costs from 
the target year’s present value benefits (Equation 7). 


Equat ion 7 Net present  value in target year ca lculat ion 


𝐴𝐴𝑖𝑖𝑡𝑡𝑖𝑖𝐴𝐴𝑖𝑖𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝐴𝐴 𝑁𝑁𝐶𝐶𝑃𝑃 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 𝑦𝑦𝑡𝑡𝑡𝑡𝑟𝑟
= 𝐴𝐴𝑖𝑖𝑡𝑡𝑖𝑖𝐴𝐴𝑖𝑖𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝐴𝐴 𝐶𝐶𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 𝑦𝑦𝑡𝑡𝑡𝑡𝑟𝑟 − 𝐴𝐴𝑖𝑖𝑡𝑡𝑖𝑖𝐴𝐴𝑖𝑖𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝐴𝐴 𝐶𝐶𝑃𝑃𝑐𝑐𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 𝑦𝑦𝑡𝑡𝑡𝑡𝑟𝑟 


4.6 Calculate dollar per metric ton of CO2e 


The dollar per MT CO2e is calculated by dividing the NPV for each install year by the total GHGs reduced 
over its useful life (Equation 8). 


Equat ion 8 Dol lar  per metr ic  ton of  CO2e calculat ion 


𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝑟𝑟 𝐴𝐴𝑡𝑡𝑟𝑟 𝑀𝑀𝑇𝑇 𝐶𝐶𝑂𝑂2𝑡𝑡 =
𝑁𝑁𝐶𝐶𝑃𝑃


∑ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑇𝑇
𝑡𝑡=0


 


Where,  
𝑁𝑁𝐶𝐶𝑃𝑃 = net present value 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = greenhouse gases reduced in year t 
𝑇𝑇 = useful life of measure/action 


4.6.1 Weighted average dollar per metric ton of CO2e 
Since GHG reductions in the target year are not necessarily the same for each install year,6 weighted 
average values must be calculated to accurately reflect the dollar per metric ton CO2e of a particular 
measure in the target year. The weighted average can be found using Equation 9. 


Equat ion 9 W eighted average dol lar  per metr ic  ton of  CO2e calculat ion 


𝑊𝑊𝑡𝑡𝑖𝑖𝑡𝑡ℎ𝑡𝑡𝑡𝑡𝐴𝐴 𝑡𝑡𝑎𝑎𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 $/𝑀𝑀𝑇𝑇 𝐶𝐶𝑂𝑂2𝑡𝑡 =
∑ ($/𝑀𝑀𝑇𝑇𝑗𝑗 ∗𝑘𝑘
𝑗𝑗=1 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗)


∑ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗
𝑘𝑘
𝑗𝑗=1


 


Where,  
$/𝑀𝑀𝑇𝑇𝑗𝑗 = dollar per metric ton of install year j 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗 = greenhouse gases reduced in target year by actions in install year j 
𝑗𝑗 = install year 


                                                      
6  e.g., reductions from a solar PV system installed in 2015 will offset less GHGs in 2020 than a system of the same size installed in 2019 


when a system degradation rate is applied.  
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𝑘𝑘 = number of install years 


4.7  Calculate benefit-cost ratio  


The BCR is calculated by dividing the present value benefits by the present value costs for a given install 
year (Equation 10). 


Equat ion 10 Benef i t -cost  rat io  calculat ion  


𝐵𝐵𝐶𝐶𝐵𝐵 =
𝐶𝐶𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏
𝐶𝐶𝑃𝑃𝑐𝑐𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏


 


Where,  
𝐵𝐵𝐶𝐶𝐵𝐵 = benefit-cost ratio 
𝐶𝐶𝑃𝑃𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏 = present value of benefits stream 
𝐶𝐶𝑃𝑃𝑐𝑐𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏 = present value of costs stream 


4.7.1 Weighted average benefit-cost ratio 
Since GHG reductions in the target year are not necessarily the same for each install year,6 weighted 
average values must be calculated to accurately reflect the BCR of a particular measure in the target 
year. The weighted average can be found using Equation 11. 


Equat ion 11 W eighted average benef i t-cost rat io  ca lculat ion 


𝑊𝑊𝑡𝑡𝑖𝑖𝑡𝑡ℎ𝑡𝑡𝑡𝑡𝐴𝐴 𝑡𝑡𝑎𝑎𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 𝐵𝐵𝐶𝐶𝐵𝐵 =
∑ (𝐵𝐵𝐶𝐶𝐵𝐵𝑗𝑗 ∗𝑘𝑘
𝑗𝑗=1 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗)
∑ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗
𝑘𝑘
𝑗𝑗=1


 


Where,  
𝐵𝐵𝐶𝐶𝐵𝐵𝑗𝑗 = benefit-cost ratio of install year j 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗 = greenhouse gases reduced in target year by actions in install year j 
𝑗𝑗 = install year 
𝑘𝑘 = number of install years 


4.8 Calculate discounted payback period 


Determining the payback period requires calculating the cumulative flow of discounted benefits and 
discounted costs for a given install year (Equation 12). The cumulative cash flow for any given year is the 
sum of the benefits and costs (both discounted in this case) for that year and all previous years. The 
number of years with a negative cumulative discounted cash flow, n, starts in Year One and goes up to 
the year before cumulative discounted benefits are greater than cumulative discounted costs.  


Equat ion 12 Discounted payback per iod calculat ion 


𝐷𝐷𝐶𝐶𝐶𝐶 = 𝑖𝑖 +
𝐶𝐶𝐶𝐶𝑏𝑏
𝐶𝐶𝐶𝐶𝑏𝑏+1


 


Where,  
𝐷𝐷𝐶𝐶𝐶𝐶 = discounted payback period 
𝑖𝑖 = number of years with a negative cumulative discounted cash flow 
𝐶𝐶𝐶𝐶𝑏𝑏 = discounted cash flow in year n 
𝐶𝐶𝐶𝐶𝑏𝑏+1 = discounted cash flow in year n + 1 
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4.8.1 Weighted average discounted payback period 
Since GHG reductions in the target year are not necessarily the same for each install year,7 weighted 
average values must be calculated to accurately reflect the discounted payback period of a particular 
measure in the target year. The weighted average can be found using Equation 13. 


Equat ion 13 W eighted average d iscounted payback per iod calculat ion 


𝑊𝑊𝑡𝑡𝑖𝑖𝑡𝑡ℎ𝑡𝑡𝑡𝑡𝐴𝐴 𝑡𝑡𝑎𝑎𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 𝐷𝐷𝐶𝐶𝐶𝐶 =
∑ (𝐷𝐷𝐶𝐶𝐶𝐶𝑗𝑗 ∗𝑘𝑘
𝑗𝑗=1 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗)
∑ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗
𝑘𝑘
𝑗𝑗=1


 


Where,  
𝐷𝐷𝐶𝐶𝐶𝐶𝑗𝑗 = discounted payback period of install year j 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗 = greenhouse gases reduced in target year by actions in install year j 
𝑗𝑗 = install year 
𝑘𝑘 = number of install years 


4.9 Calculate ROI 


Unlike most other calculations, the ROI is found using non-discounted benefits and costs. The ROI is a 
ratio between the difference of all benefits and costs and the costs (Equation 14). 


Equat ion 14 ROI calculat ion 


𝐵𝐵𝑂𝑂𝐶𝐶 =
∑ (𝐵𝐵𝑡𝑡 − 𝐶𝐶𝑡𝑡)𝑇𝑇
𝑡𝑡=0


∑ 𝐶𝐶𝑡𝑡𝑇𝑇
𝑡𝑡=0


 


Where,  
𝐵𝐵𝑂𝑂𝐶𝐶 = return on investment 
𝐵𝐵𝑡𝑡 = benefits in year t 
𝐶𝐶𝑡𝑡 = costs in year t 
𝑇𝑇 = useful life of measure/action 


4.9.1 Weighted average ROI 
Since GHG reductions in the target year are not necessarily the same for each install year,8 weighted 
average values must be calculated to accurately reflect the ROI of a particular measure in the target year. 
The weighted average can be found using Equation 15. 


Equat ion 15 W eighted average ROI calculat ion 


𝑊𝑊𝑡𝑡𝑖𝑖𝑡𝑡ℎ𝑡𝑡𝑡𝑡𝐴𝐴 𝑡𝑡𝑎𝑎𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 𝐵𝐵𝑂𝑂𝐶𝐶 =
∑ (𝐵𝐵𝑂𝑂𝐶𝐶𝑗𝑗 ∗𝑘𝑘
𝑗𝑗=1 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗)
∑ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗
𝑘𝑘
𝑗𝑗=1


 


Where,  
𝐵𝐵𝑂𝑂𝐶𝐶𝑗𝑗 = discounted payback period of install year j 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗 = greenhouse gases reduced in target year by actions in install year j 
𝑗𝑗 = install year 
𝑘𝑘 = number of install years 


                                                      
7  e.g., reductions from a solar PV system installed in 2015 will offset less GHGs in 2020 than a system of the same size installed in 2019 


when a system degradation rate is applied.  
8  e.g., reductions from a solar PV system installed in 2015 will offset less GHGs in 2020 than a system of the same size installed in 2019 


when a system degradation rate is applied.  
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4.10 Calculate IRR 


The IRR is found by setting the NPV equal to zero and solving for the discount rate, r (Equation 16).  


Equat ion 16 IRR calculat ion  


𝑁𝑁𝐶𝐶𝑃𝑃 = 0 = �
𝐵𝐵𝑡𝑡 − 𝐶𝐶𝑡𝑡
(1 + 𝑟𝑟)𝑡𝑡


𝑇𝑇


𝑡𝑡=0


 


Where,  
𝑁𝑁𝐶𝐶𝑃𝑃 = net present value 
𝐵𝐵𝑡𝑡 = benefits in year t 
𝐶𝐶𝑡𝑡 = costs in year t 
𝑟𝑟 = discount rate to be solved for (IRR) 
𝑇𝑇 = useful life of measure/action 


Excel or other analytical software is used to accurately calculate the IRR. Manually solving for the IRR 
requires inputting a series of estimated values for the IRR into Equation 16 until an approximate IRR is 
found that yields and NPV of approximately zero. 


4.10.1 Weighted average IRR 
Since GHG reductions in the target year are not necessarily the same for each install year,8 weighted 
average values must be calculated to accurately reflect the IRR of a particular measure in the target year. 
The weighted average can be found using Equation 17. 


Equat ion 17 W eighted average IRR calculat ion 


𝑊𝑊𝑡𝑡𝑖𝑖𝑡𝑡ℎ𝑡𝑡𝑡𝑡𝐴𝐴 𝑡𝑡𝑎𝑎𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 𝐶𝐶𝐵𝐵𝐵𝐵 =
∑ (𝐶𝐶𝐵𝐵𝐵𝐵𝑗𝑗 ∗𝑘𝑘
𝑗𝑗=1 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗)
∑ 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗
𝑘𝑘
𝑗𝑗=1


 


Where,  
𝐶𝐶𝐵𝐵𝐵𝐵𝑗𝑗 = discounted payback period of install year j 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑏𝑏𝑡𝑡 𝑦𝑦𝑏𝑏𝑡𝑡𝑡𝑡;𝑗𝑗 = greenhouse gases reduced in target year by actions in install year j 
𝑗𝑗 = install year 
𝑘𝑘 = number of install years 


4.11 Sensitivity analyses 


A sensitivity analysis is used to estimate the impact of a select input on analysis results, while holding all 
other inputs constant. For example, the discount rate can be varied to determine if valuing future dollars 
more or less has a significant impact on BCA results. Once an appropriate input has been identified to 
change for the sensitivity analysis, methods documented in Sections 4.2–4.10 are applied to calculate the 
new set of BCA results.   
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5. Data needs and assumptions – measure examples 


The following are examples of data needs and assumptions for typical CAP measures. These examples 
are illustrative only; actual inputs and assumptions in a BCA should be based on the details provided in 
the jurisdiction’s CAP measure and available data for that jurisdiction. Example measures included  
here are: 


• Energy-related measures 


° Example 1: Adopt a residential solar PV ordinance 


° Example 2: Adopt a residential energy conservation ordinance 


• Water-related measures 


° Example 3: Adopt a residential water conservation ordinance 


° Example 4: Adjust water rate structures to encourage water conservation 


° Example 5: Adopt a landscaping ordinance requiring weather-based irrigation controllers 


• Transportation-related measures 


° Example 6: Switch out municipal fleet vehicles with ZEVs 


° Example 7: Increase number of miles of bicycle lanes 


° Example 8: Retime traffic signals 


° Example 9: Install roundabouts 


•  Urban forestry-related measures 


° Example 10: Increase canopy cover of urban forest 


As jurisdictions in San Diego County complete BCAs for their CAPs, this list will expand to include the 
data needs and assumptions for new measures.  


5.1 Energy-related measures 


The following sections detail measure specific inputs for energy-related measures. 


5.1.1 Example 1: Adopt a residential solar PV ordinance 
Increasing renewable energy production on residential buildings through solar PV system installation is a 
common measure in CAPs. To achieve this goal, new and/or existing residential units would need to 
install solar PV systems to offset a portion of their energy consumption. Table 1 documents costs, 
benefits, externalities, and general inputs and assumptions typical of this type of measure. For benefits 
and costs, the corresponding perspective is identified along with potential sources. Current literature is 
cited where appropriate and indicates inputs with no available locally-specific data.  
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Table 1 Data inputs  for  a res ident ia l  so lar  PV measure 


 


5.1.2 Example 2: Adopt a residential energy conservation ordinance 
Reducing energy consumption of existing residential housing stock through enforcement of an ordinance 
is another common CAP measure. To achieve this goal, single- and multi-family residential units would 
need to conduct an energy audit retrofit, which would result in a percentage of those units undergoing an 
energy efficiency retrofit (e.g., install energy efficient appliances, weatherize the building, and/or replace 
windows). Table 2 documents costs, benefits, externalities, and general inputs and assumptions typical of 
this type of measure. For benefits and costs, the corresponding perspective is identified along with 
potential sources. Current literature is cited where appropriate and indicates inputs with no available 
locally-specific data. 


Input Perspective1 Source(s)
Costs
Ordinance development and adoption A *provided by jurisdiction staff


Program education and outreach A *provided by jurisdiction staff


Program monitoring and reporting A *provided by jurisdiction staff


Average solar PV system permit cost P *provided by jurisdiction staff


Average solar PV system purchase and installation cost P Millstein et al. 2016


Annual operations and maintenance cost P NREL 2015


Inverter replacement cost (every 10 yrs) P NREL 2015, NREL 2017


Rebates and Incentives P, NP Millstein et al. 2016


Federal Investment Tax Credit (ITC) P, NP SEIA 2016


Tax Deductions (commercial only) P, NP SEIA 2017; USDT IRS 2017a; USDT IRS 2017b


Benefits
Residential electricity bill reduction (based on electricity rates) P CEC 2016


Externalities included
Social cost of carbon S US EPA 2016


Other inputs and assumptions
Useful life of average PV system Kneifel et al. 2016


Percentage of systems leased (PPA) GTM Research 2015


Annual decline in PV production NREL 2015


Effective commercial tax rate USDT OTA 2016; US GAO 2016
1A: Administrator, P: Participant, NP: Non-participant, S: Societal Energy Policy Initiatives Center, USD 2018


Measure - Adopt a residential solar photovoltaic ordinance
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Table 2 Data inputs  for  a res ident ia l  energy conservat ion measure 


 


5.2 Water-related measures  


The following sections detail measure-specific inputs for water-related measures. 


5.2.1 Example 3: Adopt a residential water conservation ordinance 
Reducing water consumption in the housing stock reduces energy consumption associated with the 
conveyance, distribution, and treatment of water, as well as reductions in energy consumption associated 
with water end-uses (e.g., heating). To achieve this goal, residential units would need to complete a water 
conservation retrofit (e.g., install water efficient appliances). Table 3 documents costs, benefits, 
externalities, and general inputs and assumptions typical of this type of measure. For benefits and costs, 
the corresponding perspective is identified along with potential sources. Current literature is cited where 
appropriate and indicates inputs with no available locally-specific data. 


Input Perspective1 Source(s)
Costs
Ordinance development and adoption A *provided by jurisdiction staff


Program education and outreach A *provided by jurisdiction staff


Program monitoring and reporting A *provided by jurisdiction staff


Average energy audit cost P SDG&E 2016


Average energy efficiency retrofit cost (single-family) P DNV KEMA 2014


ARRA incentives (single-family) P, NP DNV KEMA 2014


Other incentives (single-family) P, NP DNV KEMA 2014


ARRA loan (single-family) P, NP DNV KEMA 2014


Average energy efficiency retrofit cost (multi-family) P DNV KEMA 2014


Incentives (multi-family) P, NP DNV KEMA 2014


Benefits
Residential electricity bill reduction (based on electricity rates) P CEC 2016


Residential natural gas bill reduction (based on natural gas 
rates)


P SDG&E historical tarif fs


Externalities included
Social cost of carbon S US EPA 2016


Other inputs and assumptions
Useful life of average energy efficiency retrofit DNV KEMA 2014


Number of residential units SANDAG Series 13 forecast


Percentage of owner-occupied units SANDAG Series 13 forecast


Percentage of units sold annually SDAR 2013


Percentage of units remodeled annually *provided by jurisdiction staff


Percentage of energy audits that lead to energy efficiency 
retrofits


*provided by jurisdiction staff


ARRA loan term (single-family) ACEEE 2014


ARRA loan interest rate (single-family) ACEEE 2014
1A: Administrator, P: Participant, NP: Non-participant, S: Societal Energy Policy Initiatives Center, USD 2018


Measure - Adopt a residential energy conservation ordinance







ReCAP: Technical Appendix III 


B e n e f i t -C os t  A na l ys i s  f o r  C A P  Me a su r es  |  26  


Table 3 Data inputs  for  a res ident ia l  water  conservat ion measure 


 


5.2.2 Example 4: Water rate changes to encourage water conservation 
Some jurisdictions use increases in water rates paid by commercial and residential consumers to obtain 
reductions in consumption. By reducing water consumption, the participant affected (commercial or 
residential) would see reductions in both end use water and water-related end use energy consumption 
(e.g., heating). Table 4 documents costs, benefits, externalities, and general inputs and assumptions 
typical of this type of measure. For benefits and costs, the corresponding perspective is identified along 
with potential sources. Current literature is cited where appropriate and indicates inputs with no available 
locally-specific data. 


Table 4 Data inputs  for  a water rate st ruc ture measure 


 
 


Input Perspective1 Source(s)
Costs
Ordinance development and adoption A *provided by jurisdiction staff


Program education and outreach A *provided by jurisdiction staff


Program monitoring an reporting A *provided by jurisdiction staff


Average water conservation retrofit cost P Pacif ic Institute 2016


Average rebate P, NP SoCal WaterSmart 2017 rebate schedule


Benefits
Residential water bill reduction (based on water rates) P *provided by jurisdiction staff


Externalities included
Social cost of carbon S US EPA 2016


Other inputs and assumptions
Useful life of average water conservation retrofit Pacif ic Institute 2016


Residential fixtures included in analysis Pacif ic Institute 2016;  DeOreo et al. 2011


Water saved per water conservation retrofit Pacif ic Institute 2016;  DeOreo et al. 2011
1A: Administrator, P: Participant, NP: Non-participant, S: Societal Energy Policy Initiatives Center, USD 2018


Measure - Adopt a residential water conservation ordinance


Input Perspective1 Source(s)
Costs
Water management plan development and adoption A *provided by jurisdiction staff


Program education and outreach A *provided by jurisdiction staff


Program monitoring and reporting A *provided by jurisdiction staff


Residential water bill increase (based on water rates) P *provided by jurisdiction staff or local w ater agency


Benefits
NA
Externalities included
Social cost of carbon S US EPA 2016


Other inputs and assumptions
Price elasticity of water CA Climate Change Center 2009


Baseline gallons per capita per day (GPCD, 2010) Jurisdiction Urban Water Management Plan


Population estimate SANDAG Series 13 forecast
1A: Administrator, P: Participant, NP: Non-participant, S: Societal Energy Policy Initiatives Center, USD 2018


Measure - Water rate changes to encourage water conservation
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5.2.3 Example 5: Adopt a landscaping ordinance  
requiring weather-based irrigation controllers 


Reductions in water-related energy consumption can also be achieved through measures that reduce 
outdoor water consumption. One way to achieve this goal is to adopt a measure requiring weather-based 
irrigation controllers (WBICs) for residential units. Table 5 documents costs, benefits, externalities, and 
general inputs and assumptions typical of this type of measure. For benefits and costs, the corresponding 
perspective is identified along with potential sources. Current literature is cited where appropriate and 
indicates inputs with no available locally-specific data. 


Table 5 Data inputs  for  an outdoor  water  conservat ion measure 


 


5.3 Transportation-related measures 


The following sections detail measure specific inputs for transportation-related measures.  


Measures that involve a reduction in fuel consumption also reduce air pollution within the jurisdiction. 
Several key pollutants have been identified and included in previous transportation assessments by 
SANDAG (e.g., San Diego Forward: The Regional Plan) (Table 6). The avoided health effects associated 
with reduced criteria pollutants are included as externalities for these measures. 


Input Perspective1 Source(s)
Costs
Ordinance development and adoption A *provided by jurisdiction staff


Program education and outreach A *provided by jurisdiction staff


Program monitoring and reporting A *provided by jurisdiction staff


Incremental weather-based irrigation controller purchase cost 
(WBIC over non-WBIC)


P Energy Solutions et al. 2011


WBIC installation (small lot) P Energy Solutions et al. 2011


Annual service fee (small lot) P Energy Solutions et al. 2011


WaterSmart rebate (small lot) P, NP SoCal WaterSmart 2017 rebate schedule


WBIC installation (large lot) P Energy Solutions et al. 2011


Annual service fee (large lot) P Energy Solutions et al. 2011


WaterSmart rebate (large lot) P, NP SoCal WaterSmart 2017 rebate schedule


Residential electricity bill increase (due to system operation, 
based on electricity rates)


P CEC 2016


Benefits
Residential water bill reduction (based on water rates) P *provided by jurisdiction staff or local w ater agency


Externalities included
Social cost of carbon S US EPA 2016


Other inputs and assumptions
Useful life of average WBIC system Energy Solutions et al. 2011


Incremental energy demand per WBIC system Energy Solutions et al. 2011


Percentage of lots considered large Hanak and Davis 2006


Water saved per system ConSol 2010
1A: Administrator, P: Participant, NP: Non-participant, S: Societal Energy Policy Initiatives Center, USD 2018


Measure - Adopt a landscaping ordinance requiring weather-based irrigation controllers
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Table 6 Cr i ter ia  pol lu tant external i t ies  inc luded for  t ransportat ion measures 


 


5.3.1 Example 6: Switch out municipal fleet vehicles with ZEV 
Municipalities can achieve emission reductions through changes to their fleet vehicles. A primary way to 
achieve this is to replace gasoline and diesel fleet vehicles with alternative-fuel vehicles such as hybrids 
or electric vehicles. Table 7 documents costs, benefits, externalities, and general inputs and assumptions 
typical of this type of measure. For benefits and costs, the corresponding perspective is identified along 
with potential sources. Current literature is cited where appropriate and indicates inputs with no available 
locally-specific data. 


Table 7 Data inputs  for  a munic ipal  f leet t rans i t ion measure 


   


Criteria Pollutants Included (externalities)
Description Value Input Source


Transportation Measures $/MT g/mi
CO2 Varies
PM2.5 $422,281 


PM10 $128,708 


NOx $6,716 
ROG $5,856 
SO2 $34,868 


Energy Policy Initiatives Center, USD 2018


Varies by year CARB. EMFAC2011 Web Database; CARB. 
EMFAC2014 Web Database; CARB 2015. 
EMFAC2014 Volume III - Technical Documentation; 
SANDAG 2015. San Diego Forw ard: The Regional 
Plan


Input Perspective1 Source(s)
Costs
Vehicle purchase plan development and adoption A *provided by jurisdiction staff


Program monitoring and reporting A *provided by jurisdiction staff


Incremental cost of zero emission vehicle over non-ZEV 
alternative


P Kelley Blue Book. *specif ic to ZEV models considered 
in analysis and corresponding non-ZEV alternatives


Municipal electricity bill increase (due to charging, based on 
electricity rates)


P CEC 2016


Benefits
Value of avoided gasoline purchases P US EIA 2017a; US EIA 2017b


Externalities included
Social cost of carbon S US EPA 2016


Value of avoided criteria pollutants S SANDAG 2015


Other inputs and assumptions
Number of vehicles in municipal fleet *provided by jurisdiction staff


Municipal fleet fuel consumption *provided by jurisdiction staff


Criteria pollutant emissions CARB. EMFAC2011 Web Database


Average useful life of municipal vehicle City of San Diego 2011


Average miles per gallon of current fleet vehicles CARB. EMFAC2007


Average ZEV miles per battery charge Kelley Blue Book. *specif ic to ZEV models considered 
in analysis


Average ZEV kWh per battery charge Kelley Blue Book. *specif ic to ZEV models considered 
in analysis


1A: Administrator, P: Participant, NP: Non-participant, S: Societal Energy Policy Initiatives Center, USD 2018


Measure - Switch out municipal fleet vehicles with zero emission vehicles







ReCAP: Technical Appendix III 


B e n e f i t -C os t  A na l ys i s  f o r  C A P  Me a su r es  |  29  


5.3.2 Example 7: Increase number of miles of bicycle lanes 
Emission reductions in the transportation sector can also be achieved by encouraging commuters within 
the jurisdiction to reduce the number of miles they commute by passenger vehicle. Increasing the number 
of bicycle lanes provides commuters with an alternative mode of travel to and from work. Table 8 
documents costs, benefits, externalities, and general inputs and assumptions typical of this type of 
measure. For benefits and costs, the corresponding perspective is identified along with potential sources. 
Current literature is cited where appropriate and indicates inputs with no available locally-specific data. 


Table 8 Data inputs  for  a b icyc le lane measure 


 


5.3.3 Example 8: Retime traffic signals 
In addition to measures that target reducing vehicle miles traveled (VMT), CAPs can include measures 
that reduce the fuel consumption of vehicles on the road. By retiming traffic signals, the flow of traffic 
improves, reducing the fuel consumed by vehicles. Table 9 documents costs, benefits, externalities, and 
general inputs and assumptions typical of this type of measure. For benefits and costs, the corresponding 
perspective is identified along with potential sources. Current literature is cited where appropriate and 
indicates inputs with no available locally-specific data. 


Input Perspective1 Source(s)
Costs
Bicycle master plan development and adoption A *provided by jurisdiction staff


Program monitoring and reporting A *provided by jurisdiction staff


Construction cost per mile (Class I lanes) P *provided by jurisdiction staff


Maintenance cost per mile (Class I lanes) P *provided by jurisdiction staff


Construction cost per mile (Class II lanes) P *provided by jurisdiction staff


Maintenance cost per mile (Class II lanes) P *provided by jurisdiction staff


Construction cost per mile (Class III lanes) P *provided by jurisdiction staff


Maintenance cost per mile (Class III lanes) P *provided by jurisdiction staff


Benefits
Value of avoided gasoline purchases P US EIA 2017a; US EIA 2017b


Externalities included
Social cost of carbon S US EPA 2016


Value of avoided criteria pollutants S SANDAG 2015


Other inputs and assumptions
Average useful life of a bike lane CARB 1995


Average commute distance avoided *provided by jurisdiction staff


Average workdays a year *provided by jurisdiction staff


Percentage increase in bike mode share per mile bike lane Dill and Carr 2003


Size of labor force SANDAG Series 13 forecast


Criteria pollutant emissions CARB. EMFAC2011 Web Database


Average miles per gallon of current fleet vehicles CARB. EMFAC2007
1A: Administrator, P: Participant, NP: Non-participant, S: Societal Energy Policy Initiatives Center, USD 2018


Measure - Increase number of miles of bike lanes
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Table 9 Data inputs  for  a traf f ic  s ignal  ret im ing measure 


 


5.3.4 Example 9: Install roundabouts 
Installing roundabouts is another way to achieve emissions reductions through improved traffic flow and 
subsequent reductions in vehicle fuel consumption. Table 10 documents costs, benefits, externalities, and 
general inputs and assumptions typical of this type of measure. For benefits and costs, the corresponding 
perspective is identified along with potential sources. Current literature is cited where appropriate and 
indicates inputs with no available locally-specific data. 


Table 10 Data inputs  for  a roundabouts measure 


Input Perspective1 Source(s)
Costs
Traffic light master plan development and adoption A *provided by jurisdiction staff


Program monitoring and reporting A *provided by jurisdiction staff


Cost to retime a signal light (staff time) *provided by jurisdiction staff


Benefits
Value of avoided gasoline purchases P US EIA 2017; US EIA 2017


Externalities included
Social cost of carbon S US EPA 2016


Value of avoided criteria pollutants S SANDAG 2015


Other inputs and assumptions
Average useful life of retimed traffic signals Tarnoff and Ordonez 2004


Fuel saved per intersection per day (gasoline) City of San Diego 2014


Criteria pollutant emissions CARB. EMFAC2011 Web Database
1A: Administrator, P: Participant, NP: Non-participant, S: Societal Energy Policy Initiatives Center, USD 2018


Measure - Retime traffic signals


Input Perspective1 Source(s)
Costs
Roundabout design and planning A *provided by jurisdiction staff


Program monitoring and reporting A *provided by jurisdiction staff


Average roundabout installation cost P *provided by City staff


Benefits
Value of avoided gasoline purchases P US EIA 2017; US EIA 2017


Externalities included
Social cost of carbon S US EPA 2016


Value of avoided criteria pollutants S SANDAG 2015


Other inputs and assumptions
Average useful life of a roundabout US DoT FHA 2010


Fuel saved per intersection per day (gasoline) Varhelyi 2002


Criteria pollutant emissions CARB. EMFAC2011 Web Database
1A: Administrator, P: Participant, NP: Non-participant, S: Societal Energy Policy Initiatives Center, USD 2018


Measure - Install roundabouts
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5.4 Urban forestry-related measures 


The following section details specific inputs for urban forestry-related measures.  


Urban forestry measures can also reduce air pollution within the jurisdiction. Several criteria pollutants 
have been identified (Table 11) and the avoided health effects associated with reduced criteria pollutants 
are included as externalities for these measures. 


Table 11 Cr i ter ia  pol lu tant external i t ies  inc luded for  urban forestry measures 


 


5.4.1 Example 10: Increase canopy cover of urban forest 
Urban forestry measures typical of CAPs set goals for increases in tree canopy within the jurisdiction, 
reducing CO2 through carbon sequestration. Table 12 documents costs, benefits, externalities, and 
general inputs and assumptions typical of this type of measure. For benefits and costs, the corresponding 
perspective is identified along with potential sources. Current literature is cited where appropriate and 
indicates inputs with no available locally-specific data. 


Criteria Pollutants Included (externalities)
Description Value Input Source


Urban Forestry Measure lbs/tree
O3 $1.04 
NO2 $1.04 


SO2 $1.28 


PM10 $0.76 
VOC $1.48 
BVOC $1.48 


Energy Policy Initiatives Center, USD 2018


Varies by tree 
age


McPherson et al. 2000. Tree Guidelines for Coastal 
Southern California Communities; McPherson et al. 
2006 Coastal Plain Community Tree Guide
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Table 12 Data inputs  for  an urban forest  measure 


 


6. Presenting the results 


Results of a CAP BCA are divided into three sections: 


• Cost-effectiveness of CAP measures;  


• Impact on CAP measure participants; and  


• Summary of results for individual measures.  


The first two sections answer the primary questions of a CAP BCA and the third provides a detailed 
summary of results specific to individual measures for further analysis by decision-makers. This section 
details the variety of ways in which results for each section can be visualized.  


  


Input Perspective1 Source(s)
Costs
Urban forestry plan development and adoption A *provided by jurisdiction staff


Program monitoring and reporting A *provided by jurisdiction staff


Average purchase and planting cost per tree P *provided by jurisdiction staff


Average removal cost per tree P McPherson et al. 2005


Average annual maintenance cost per tree P *provided by jurisdiction staff


Average annual infrastructure damage cost per tree P McPherson et al. 2000


Average annual liability and legal cost per tree P McPherson et al. 2000


Municipal water bill increase (increased water consumption) P *provided by jurisdiction staff


Grants received (# of trees with purchase and planting costs 
offset annually)


P, NP *provided by jurisdiction staff


Benefits
NA
Externalities included
Social cost of carbon S US EPA 2016


Value of avoided criteria pollutants S McPherson et al. 2006


Rain interception benefits per gallon S McPherson et al. 2000


Other inputs and assumptions
Average useful life of a tree
Baseline forest cover (2010) Jurisdiction Urban Forestry Plan


Estimated number trees per acre for 100% cover USDA Forest Service 2010


Tree mortality rate McPherson et al. 2011


Total acres in City included in analysis *provided by jurisdiction staff


Criteria pollutant reductions per tree McPherson et al. 2000


Water demand per tree (first 3 years only) Jurisdiction Urban Forestry Plan


Rainfall interception per tree McPherson et al. 2000
1A: Administrator, P: Participant, NP: Non-participant, S: Societal Energy Policy Initiatives Center, USD 2018


Measure - Increase percent cover of urban forest
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6.1 Cost-effectiveness of CAP measures 


Four primary visualization tools have been identified that describe the cost-effectiveness results of CAP 
measures: 


• Tables 


• Scatterplots 


• Paired bar graphs 


• Marginal abatement cost curves 


6.1.1 Tables 
Tables provide $/MT CO2e results by perspective for each measure in the CAP to achieve GHG 
reductions in the target year (Table 13). In addition, they summarize the total $/MT CO2e for the entire 
CAP (Table 13, bottom row).  


Table 13 CAP measures summary results  example table 


 


6.1.2 Scatterplots 
Scatterplots present results for a single perspective and illustrate the relationship between a measure’s 
$/MT CO2e and corresponding GHG reductions (MT CO2e) in the target year; it is important to consider 
both the cost-effectiveness and GHG reduction potential of each measure when comparing them. While 
this type of figure only illustrates a single BCA metric for each measure ($/MT CO2e),9 it readily shows the 
reader those measures that are the most cost-effective as well as those that are the least. Each point on 
a scatterplot represents an individual measure and is found by plotting the GHGs reduced by that 
measure along the x-axis versus the dollar per MT for that measure along the y-axis (Figure 15 and 
Figure 16). The higher a measure is on the plot, the more cost effective it is (e.g., Measure 2, Figure 16); 
the lower a point is, the less cost effective it is (e.g., Measure 1, Figure 16). Similarly, measures further to 
the right on the plot reduce more GHGs than measures to the left (e.g., Measure 5 versus Measure 4, 
Figure 16). A drawback of a scatterplot is its inability to clearly show multiple perspectives in one figure. 


                                                      
9  Dollar per metric ton is a standardized metric that allows for comparison across measures on a per ton basis. 


2020 Target Year - $/MT CO2e


CAP Measure Administrator Participant Non-
Participant


Measure Society
GHGs Reduced


in 2020
(MT CO2e)


Measure 1 ($2) ($200) ($150) ($352) ($336) 3,000
Measure 2 ($10) $300 ($110) $180 $196 1,500
Measure 3 ($0.3) $100 ($75) $25 $41 7,500
Measure 4 ($2) ($150) - ($152) ($136) 2,000
Measure 5 ($0.2) ($50) - ($50.20) ($34) 150,000
Measure 6 ($1) $150 ($50) $99 $115 35,000
Measure 7 ($4.0) $125 ($88) $29 $59 2,000
Measure 8 ($5) ($50) - ($55) ($39) 15,000
Measure 9 ($0.7) $25 - $24 $40 120,000
Measure 10 ($2) $75 - $73 $89 65,500
Total ($0.97) $14 ($8) $5 $21 401,500
*All dollar values are in 2010$ Energy Policy Initiatives Center, USD 2018
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F igure 14 Interpret ing resul ts of  a scat terp lot  


 


 


Figure 15 I l lustrat ive scatterp lot example 


 


6.1.3 Paired bar graphs 
Similar to a scatterplot, paired bar graphs make it easier to see how measures relate to each other with 
regard to GHG reductions and overall benefit or cost; GHGs reduced are shown in the bottom bar graph 
and dollar per MT CO2e reduced is included in the top bar graph (Figure 17). Unlike a scatterplot, a bar 
graph can show more than one perspective at a time, making it possible to analyze multiple components 
at once.  
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F igure 16 I l lustrat ive paired bar  graph example 


 


6.1.4 Marginal abatement cost curves 
A marginal abatement cost curve (MACC) is another way to express how measures relate to each with 
respect to the dollar per MT and GHGs reduced (Figure 18; Creyts et al. 2007). A MACC is structured like 
a scatterplot—the y-axis is the $/MT CO2e and the x-axis is the GHGs reduced. However, there are some 
noticeable differences. Here, measures or policy options are indicated by a bar rather than a point, and 
traditional MACCs generally express the $/MT in terms of cost; this means that a positive value 
represents a cost and a negative value represents a benefit. Additionally, the x-axis is expressed as 
cumulative GHGs reduced, where the width of a bar represents the potential GHGs reduced by that 
measure and measures (bars) are ordered from the most cost-effective to the least cost-effective (highest 
benefit to highest cost).  
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F igure 17 Marginal  abatement cost curve example (McKinsey Curve)  


 
 
A drawback to using a MACC is that measures with comparatively low GHG reductions to other measures 
in a CAP can be hard to identify; the width of the bar would be flattened on a scale necessary to 
accommodate measures with large GHG reductions (Figure 19). 
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F igure 18 I l lustrat ive example of  marginal abatement  cost  curve drawback 


 


6.2 Impact of CAP measures on participants 


BCA results that show the impact of CAP measures on participants can be included in a summary table 
(Table 14). In addition to these BCA results, the Participant $/MT CO2e and GHGs reduced for each 
measure can be included for added context. As a reminder, some measures might not have results 
available for all BCA metrics (see Section 3).  


Table 14 Indiv idual  measure results  – example table 


 


2020 Target Year - Participant BCA Metrics


CAP Measure BCR
Discounted 


Payback Period 
(yrs)


ROI IRR
GHGs Reduced


in 2020
(MT CO2e)


$/MT CO2e
(Participant)


Measure 1 0.65 - - - 3,000 ($200)
Measure 2 6.54 5 322% 28% 1,500 $300
Measure 3 2.34 13 102% 10% 7,500 $100
Measure 4 0.09 - - - 2,000 ($150)
Measure 5 - - - - 150,000 ($50)
Measure 6 1.00 1 246% 18% 35,000 $150
Measure 7 6 356% 30% 2,000 $125
Measure 8 0.89 - - - 15,000 ($50)
Measure 9 1.07 3 78% 7% 120,000 $25
Measure 10 1.36 16 115% 15% 65,500 $75
*All dollar values are in 2010$ Energy Policy Initiatives Center, USD 2018
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6.3 Summary results by measure 


Summary tables for individual measures provide a complete set of results for a particular measure in a 
CAP (Table 15). These tables allow for a more comprehensive look at the overall impact of CAP 
measures as it relates to cost-effectiveness and financial impacts on various stakeholder groups.  


Table 15 Indiv idual  measure results  – example table 


 
Summary tables for individual measures also show sensitivity analysis results. The example in Table 16 
illustrates how cost-effectiveness of a measure changes in response to varying the discount rate. Similar 
tables can be developed to show results for other metrics and for other types of sensitivity analyses (see 
Section 4.11). 


Table 16 Indiv idual  measure sens it iv i t y analysis  resul ts -  example table 


 
  


Illustrative Solar PV Measure  − 2020 Target Year 


Administrator Participant Non-Participant Measure Society


Present Value Benefits - $1,250,000 - $1,250,000 $1,300,000 


Present Value Costs ($8,000) ($1,000,000) ($175,000) $1,183,000 $1,183,000 


Net Present Value ($8,000) $250,000 ($175,000) $58,244 $117,000 


GHGs (MT CO 2e)


$/MT CO 2 e ($4) $125 ($88) $29 $59 


BCR - 1.25 - 1.06 1.10


Discounted Payback Period - 7.62 - 10.80 8.90


ROI - 130% - 105% 114%


IRR - 12% - 6% 9%
*All dollar values are in 2010$ Energy Policy Initiatives Center, USD 2018


2,000


Illustrative Solar PV Measure  − 2020 Target Year 


Discount Rate Administrator Participant Non-Participant Measure Society


3% ($6) $160 ($120) $34 $45 


5% ($4) $125 ($100) $21 $30 


7% ($3) $100 ($90) $7 $15 
*All dollar values are in 2010$ Energy Policy Initiatives Center, USD 2018
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7. Limitations 


There are inherent limitations with any BCA resulting in a degree of uncertainty that should be taken into 
account. The following limitations should be considered.  


7.1 Data availability and case studies 


When considering the benefit and cost impacts of a particular CAP measure, the following limitations apply. 


7.1.1 Data availability 
Estimates for current and future costs and benefits are limited to the data presently available. For some 
measures, such as a solar PV measure, extensive datasets exist with historic costs associated with 
installation and operation that can be applied at a local level. However, not all measures have readily 
available data to apply to BCA calculations. For instance, commercial zero net energy (ZNE) construction 
projects are relatively new in the marketplace and the costs can vary widely depending on the type of 
commercial project. Case studies reported in the literature are applied in analyses where necessary, as 
they are representative of the best available data; however, they may not be entirely reflective of current 
and/or future conditions.  


Additionally, costs and benefits associated with CAP measures are subject to changes in future 
conditions, such as: 


• Population growth and demands; 


• Technological advancements and available technology; 


• Energy/fuel availability; 


• Residential and commercial development stock; and 


• Trends in consumer demands and producer supply. 


7.1.2 Monetizing externalities 
Methods described here emphasize the inclusion of as many externalities as possible within the 
geographic scope of the jurisdiction. However, not all externalities can be readily monetized, and their 
lack of inclusion in the quantitative assessment can skew results by reducing the potential benefits and/or 
costs experienced under the Societal perspective. For example, little is known about how increasing the 
number of bicycle lanes will affect the number of bicycle-auto accidents and how that translates to a 
medical cost or savings.  


As better data becomes available, more externalities can be included in CAP BCAs. For those not 
included in the quantitative analysis, a qualitative assessment can be included in the report to 
acknowledge they exist.  


7.1.3 Developing ranges 
Current BCA results are calculated using average cost and benefit values (most likely estimates); 
however, an array of possibilities can exist for Participants. For instance, the purchase price of a solar PV 
system will not be the same for each homeowner, but will generally fall within a range of costs. Ideally, 
high and low estimates would be developed to identify the range in impacts to Participants (Figure 20). 
However, many inputs currently lack sufficient data to determine suitable ranges. Developing high and 
low estimates using only select variables can create inconsistencies in results across measures and 
would misrepresent the true high and/or low estimate impact. As better and more complete data sets 
become available, the development of ranges can be further explored.   
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F igure 19 Conceptual d iagram of  benef i t  and cost  ranges 


 


7.2 Scope of impacts 


The approach detailed in this document considers only those benefits and costs anticipated to be 
experienced within the jurisdiction. There are other benefits and costs that can accrue outside of the 
jurisdiction as a result of implementing a CAP. For instance, the production and disposal of materials 
(e.g., solar PV panels and hybrid vehicle batteries) can have a suite of costs and benefits associated with 
them. This can include: 


• Financial gain by manufacturers 


• Increase in sector jobs 


• Pollution externalities from hazardous waste disposal at end of useful life 


• Reduction in pollution caused by traditional energy production (e.g., coal) 


While the methods described in this document can be applied to benefits and costs, the time and 
resources needed to consider benefits and costs outside of the jurisdiction can be extensive and are often 
prohibitive.  


7.3 Timeframe analyzed 


The timeframe used in a CAP BCA can impact the analyses results. The timeframe includes the use of 
past historic activity and the selection of a future target year. 


7.3.1 Application of historic data 
BCA calculations incorporate historic data where applicable to account for past activity that leads to GHG 
reductions included in the CAP to achieve emission reduction targets. For example, if a CAP has a 
baseline year of 2010, all related GHG reduction activity between 2010 and the CAP’s target year(s) 
would be considered to calculate the $/MT CO2e for their respective measures. It is important to note that 
historic activity would have occurred prior to CAP adoption and is thus not an impact on the jurisdiction or 
its residents and businesses as a direct result of the CAP. Past activity incorporated into an analysis can 
under or overestimate the impact of post-CAP adoption activity as prices, rebates, and other variables 
change over time.  
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7.3.2 Target year selection 
Any analysis that involves future projections has some level of uncertainty, which typically increases the 
further out into the future the projection goes (Figure 21). To reduce uncertainty associated with 
projections made further out, the BCA is restricted to a near-term target year (e.g., 2020 instead of 2035). 
As an example, a solar PV system measure has a useful life of 25 years. Using a target year of 2020, 
future projections extend to 2045 to capture the benefits and costs of that measure. If 2035 is selected as 
the target year for the BCA analysis, projections would need to extend to 2060. For measures with even 
longer useful lives, this would require extending projections even further into the future, significantly 
increasing the uncertainty associated with the results. 


Figure 20 I l lustrat ive example of  increas ing uncer tainty wi th future projec t ions 


 


7.4 GHG reduction methodologies 


The cost-effectiveness of CAP measures ($/MT CO2e) pairs benefit and cost data with GHG reductions. 
How reductions are calculated in the CAP for inter-related measures10 will impact the GHG reductions 
attributed to each measure and, consequently, the cost-effectiveness ($/MT CO2e) for each measure. If 
GHG reduction estimates are lowered for a measure, the benefit or cost per metric ton will be magnified; if 
increased, the benefit or cost per metric ton will be reduced (Table 17). 


Table 17 Ef fects  of  GHG calculat ions 


 
While methods for GHG reduction calculations would be consistent for an individual CAP, they may  
not be consistent across CAPs. This discrepancy can give varying results when comparing CAPs with 
similar measures. 


                                                      
10  e.g., one measure reduces electricity consumption (energy efficiency retrofit) and a second reduces the emissions factor (install solar PV). 


For further discussion on how estimated GHG reductions can vary see Section 5.4 in Technical Appendix II – Greenhouse Gas Reduction 
Calculation Methods for CAP Measures. 


Effects of GHG Calculations
Net Benefit
Net present value $1,000 $1,000
GHGs reduced (MT CO 2 e) 50 75
$/MT CO 2 e $20 $13
Net Benefit
Net present value ($1,000) ($1,000)
GHGs reduced (MT CO 2 e) 50 75
$/MT CO 2 e ($20) ($13)


Energy Policy Initiatives Center, USD 2018
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7.5 Comparing BCA results for multiple CAPs 


BCA results for one CAP are not necessarily comparable to results of another. Dissimilarities arise when 
two or more CAP BCAs have different baseline years (for discounting purposes) and use different base 
years for normalization.  


Different baseline years can create two disparities; it changes the amount of discounting that occurs by 
the target year and can result in the inclusion of more or less historic data. The amount of discounting that 
occurs can influence the present value of a dollar in a particular year; CAP activity analyzed in 2020 will 
be discounted back ten years with a baseline year of 2010, but only five years if the baseline year is 
2015. Also, since trends in pricing can change over time, the application of more historic data in one CAP 
relative to another can inherently favor or disfavor one CAP measure over the same measure in the other 
CAP (see section 7.3.1 for more discussion on historic data limitations). 


In addition, the year at which dollar values are normalized within a CAP BCA can distort the relationship 
between a result in one CAP and a relevant measure in another; two CAP BCAs could be calculated with 
the same data, but if normalized to different years, one would appear more or less favorable than the 
other. Table 18 illustrates how the value of $100 in 2015 dollars can changed when normalized to 
different years using the CPI. 


Table 18 Ef fects  of  normal izat ion 


 


8. Conclusion 


This Appendix III to ReCAP discussed: 


• The purpose of benefit-cost analyses for CAP measures and how they can be integrated into the 
climate action planning cycle; 


• Key terminology, concepts, and metrics used in a CAP BCA; 


• Methods to analyze the benefits and costs of CAP measures; 


• Data needs and assumptions for common CAP measures; 


• Presenting results for a CAP BCA; and 


• Limitations associated with a BCA for CAP measures. 


This document is for community-wide climate action planning under ReCAP only and may be updated to 
include new data collection and calculation methods in the future.


Effects of Normalization
Dollar value $100


Reported year of value 2015


Normalized to 2010 $92
Normalized to 2015 $100
Normalized to 2017 $103


Energy Policy Initiatives Center, USD 2018


When normalized:
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1. Introduction 


This document is Appendix II to the SANDAG Regional Climate Action Planning Framework (ReCAP). 
The document is separated into the following sections:  


• Section 2 provides an overview of California’s (State) policy approach to reduce greenhouse gas 
(GHG) emissions and the role of local Climate Action Plans (CAPs) in meeting the statewide GHG 
reduction target.  


• Section 3 discusses the role of estimating GHG emissions reductions in the climate action planning 
cycle shown in Figure 1 below. Estimating GHG reduction potential of CAP measures is an essential 
part of the CAP development process, CAP monitoring and updates, and determining cost-
effectiveness of CAP measures.  


• Section 4 discusses the considerations and the process to select GHG reduction measures for CAPs.  


• Section 5 provides an overview for estimating GHG reductions for CAP measures and methodology 
to estimate GHG reductions for typical CAP measures.  


• Section 6 shows ways to present and visualize the GHG reduction results in a CAP.  


• Section 7 discusses emerging issues related to estimating GHG reductions.  


Figure 1 Cl imate act ion p lanning process 
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2. California’s approach to GHG reduction 
and relationship to CAP measures  


The main legislative and executive actions related to GHG emissions reduction targets in California are 
the following: 


• AB 32 (2006): Reduce statewide GHG emissions to 1990 levels by 2020; 


• SB 32 (2016): Reduce statewide GHG emissions to 40 percent below 1990 levels by 2030; and 


• Executive Order S-3-05: Reduce statewide GHG emissions to 80 percent below 1990 levels by 2050. 


Understanding the sources of emissions is critical to developing strategies to reduce emissions. Figure 2 
summarizes the sources of statewide GHG emissions in California by sector of the economy. The 
transportation sector contributes the most followed by industrial emissions (which includes industrial 
natural gas consumption), and then electricity generation. The residential and commercial sector 
emissions come mostly from natural gas consumption. Emissions from on-road vehicles, electricity, and 
natural gas end-use consumption represent the majority of emissions in California.  


Figure 2 2015 Cal i forn ia s tatewide GHG emissions  
by sector  of  the economy (CARB, 2017a)  


 


 
 
Local community-wide inventories similarly help to inform local GHG reduction strategies. Local 
community-wide inventories typically estimate emissions from five main categories: transportation, 
electricity, natural gas, solid waste, and water/wastewater. Figure 3 compares three inventories of 
different geographic scales in the San Diego region (a large city, a small city, and the entire San Diego 
region).1 While differences exist, the general distribution of emissions is similar to that of the State’s, with 
transportation, electricity, and natural gas accounting for the majority of emissions.  


  


                                                      
 
1  In this document, a small city in the context of the San Diego region refers to a city with population less than 50,000 and a large city refers 


to a city with population larger than 200,000. 
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F igure 3 Typical  d is tr ibut ion of  emissions categor ies across geographic scale  


 


2.1 CARB scoping plan 


California’s 2017 Climate Change Scoping Plan (2017 Scoping Plan) includes a suite of measures to 
reduce statewide GHG emissions to the adopted target by 2030 (Figure 4). The Plan focus significantly 
on transportation fuels, electricity, and natural gas, including measures to improve energy efficiency, 
reduce vehicle miles traveled (VMT), and reduce the GHG intensity of the fuels through increased 
renewable energy and a shift to ZEVs. In addition, California Air Resources Board (CARB) includes 
reductions expected from the Cap-and-Trade Program. These State reduction strategies will help reduce 
emissions locally and should be reflected as statewide reduction measures in local CAPs. However,  
not all strategies included in the 2017 Scoping Plan would yield reductions in local CAP (e.g. Cap-and-
Trade program).  


Figure 4 GHG reduct ion strategies in CARB 2017 Scoping Plan (CARB, 2017b)  
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2.2 Role of local CAP measures in contributing to statewide targets 


In the 2017 Scoping Plan, CARB recognizes the important role local governments can play in contributing 
to achievement of statewide targets:  


Local governments can implement GHG emissions reduction strategies to address local conditions and 
issues and can effectively engage citizens at the local level. Local governments also have broad 
jurisdiction, and sometimes unique authorities, through their community-scale planning and permitting 
processes, discretionary actions, local codes and ordinances, outreach and education efforts, and 
municipal operations. These local actions complement statewide measures and are critical to supporting 
the State’s efforts to reduce emissions. Local efforts can deliver substantial additional GHG and criteria 
emissions reductions beyond what State policy can alone, and these efforts will sometimes be more cost-
effective and provide more co-benefits than relying exclusively on top-down statewide regulations to 
achieve the State’s climate stabilization goals (CARB 2017b, p.97). 


While local measures support state policies to reduce GHG emissions, they are tailored to meet local 
needs and circumstances.  


2.3 Overall approach to reduce GHG emissions  


In general, the method for reducing GHG emissions is to reduce fossil fuel combustion because most 
GHG emissions (primarily CO2) are associated with fossil fuels. GHG emissions can be decreased by 
reducing activity levels of the major emitting activities, such as shifting VMT to alternative modes of 
transportation, or making electricity and natural gas use more efficient. Ideally, once activity levels are 
reduced, the focus is on decarbonizing the system, or reducing the carbon intensity of the system. For 
example, reducing the carbon content of electricity can reduce emissions in other sectors as a result of 
electrifying transportation and converting natural gas to electricity. Figure 5 illustrates this approach. 


Figure 5 Conceptual d iagram of  overal l  GHG reduct ion s trategy  


 
 
This overall concept of GHG reduction approaches forms the basis for categorizing and organizing CAP 
GHG reduction measures. Most measures either reduce activity levels or the emission factor (GHG 
intensity) of those activities. The following sections illustrate these approaches as applied to each 
category of emissions in a CAP and form the organizing structure of this Appendix.   
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2.3.1 Strategies to reduce transportation emissions 
The basic strategies to reduce activity and/or reduce GHG intensity are as follows in the  
transportation sector:  


• Reduce fuel use – Reduce fuel use through efficiency or conservation. This can be accomplished 
through vehicle emissions standards that result in higher fuel efficiency as well as from local traffic 
calming measures that reduce the amount of fuel needed.  


• Reduce VMT – Reduce the emissions-causing activity, in this case VMT. This can be accomplished 
by shifting a portion of the miles driven by passenger vehicles to alternative modes of transportation, 
including transit, biking, and walking, or from land-use changes.  


• Increase use of cleaner fuels – For the miles that cannot be shifted to alternative modes, decrease 
the carbon content of those fuels by using lower emission alternatives, including electricity.  


2.3.2 Strategies to reduce building energy emissions 
A similar approach can be applied to building energy: 


• Reduce energy use – Reduce electricity and natural gas use through efficiency or conservation. This 
is typically done through building and appliance efficiency standards and local measures and actions 
to encourage building owners and occupants to conserve energy.  


• Increase use of renewable energy – The carbon content of electricity can be reduced through 
policies promoting alternative sources of generation and converting to renewable sources of  
natural gas. California is reducing the carbon content of electricity through its Renewables Portfolio 
Standard and increased local renewable distributed energy, such as behind-the-meter photovoltaic 
(PV) systems.  


This overall approach is in line with the “loading order” adopted in the California Energy Commission 
(CEC) and California Public Utilities Commission (CPUC)’s Energy Action Plan. The “loading order” 
prioritizes investments in energy efficiency and demand responses, then in renewable energy and 
distributed generation, and, last, in fossil fuel sources and infrastructure improvements (CEC, 2005). 


2.3.3 CAP transportation measures that support statewide GHG reduction  
Using the basic strategies to reduce emissions from the transportation category as described in Section 
2.3.1, Figure 6 illustrates how local CAP measures support federal and State regulations to reduce 
emissions. To help reduce VMT, the State adopted SB 375, which directs metropolitan planning 
organizations (MPOs) to develop Sustainable Communities Strategies to reduce emissions from 
passenger vehicles related to land use. The state adopted SB 743 to update the CEQA guidelines to 
address VMT. Local jurisdictions can develop additional CAP measures, such as modifying parking 
requirements that would support the objectives of SB 375, or those that encourage alternative modes of 
transportation to support CEQA streamlining for city projects.  
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F igure 6 Examples of  local t ranspor tat ion measures  
that  support  federal and State regulat ions  


 


2.3.4 CAP building energy measures that support statewide GHG reduction  
Similar to the transportation measures, building energy measures within a CAP can support statewide 
regulations. Figure 7 provides examples of how local CAP measures help achieve the State goals, such 
as reach codes that require new buildings to be more efficient than under State law and programs 
through local financing methods such as property-assessed clean energy (PACE) financing. 


Figure 7 Examples of  local bui ld ing energy measures  
that  support  federal and State regulat ions  


 


3. Purpose and role of GHG reduction analysis 
in the climate action planning cycle 


Estimating the GHG reduction potential of CAP measures is an integral part of the climate action planning 
cycle, including:  


• developing and maintaining CAPs; 


• monitoring and reporting progress; 


• other aspects of climate action planning, such as benefit-cost analysis. 


Figure 1 illustrates the overall climate action planning cycle. Section 3.1 to Section 3.3 indicate where 
estimating GHG reductions plays a role.   
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3.1 Develop and maintain CAPs 


GHG reduction estimates for measures form the main part of a CAP. Once a baseline emissions level is 
determined, an emissions projection is developed, and reduction targets have been established, the GHG 
reduction measures demonstrate how emissions will be reduced to meet the target levels. Figure 8 
conceptually illustrates the role of GHG reduction in helping a jurisdiction achieve adopted targets.  


Figure 8 Role of  GHG reduct ion in  CAP development  process  


 
 
There are two broad categories of GHG reduction measures: those resulting from federal and State 
regulations, and those from local CAP measures.  


Federal and State regulations that reduce GHG emissions affect baseline and projected emissions in 
local jurisdictions. CAPs typically account for the impact of these regulations to determine how much 
additional GHG reduction is needed from local CAP measures—often called the local emissions gap 
(Figure 8)—in order to reach the target. The projected emissions level after reduction from federal and 
State regulations beyond the baseline year is sometimes called the “legislatively-adjusted business-as-
usual (BAU).”  


Examples of federal and State regulations accounted for in CAPs include the federal Corporate Average 
Fuel Economy (CAFE) standards, which regulate vehicle fuel economy and tailpipe emissions from on-
road vehicles; California’s Renewables Portfolio standard (RPS), which sets requirements for the amount 
of renewable energy in electricity supplied; and the CARB Advanced Clean Cars program, which seeks to 
reduce tailpipe emissions from light- and medium-duty vehicles in the same way as the federal standards 
but also to increase the number of zero emission vehicles (ZEVs), such as battery electric vehicles and 
fuel cell vehicles. GHG reduction from existing federal or State regulations may change if the federal or 
State government takes action to re-evaluate and revise existing regulations. 


GHG reductions from federal and State regulations can be significant, but after a BAU projection takes 
into account the effect of federal and State regulations (i.e., is adjusted for the GHG reduction impacts of 
existing federal and State legislative measures), then only local measures are available to meet 
emissions targets.  


Once federal and State regulations are taken into consideration, a local jurisdiction must identify actions 
within its authority to reduce emissions to meet targets. Local CAP measures represent a jurisdiction’s 
commitment to reduce emissions.  
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Local jurisdictions may periodically update the CAP. This would include activities that are similar to those 
undertaken to develop the original CAP and could include: updating the GHG inventory and emissions 
projection to reflect updated data, re-evaluating GHG reduction targets to reflect any updated guidance 
from CARB and/or other relevant legislation and estimating the GHG reduction potential from additional 
measures to help reach overall reduction targets.  


3.2 Monitor and report progress 


Part of the SANDAG ReCAP is the development of a CAP monitoring and reporting structure to be 
considered by local jurisdictions in the San Diego region. The structure considers monitoring in levels of 
increasing detail. It starts with an overall GHG inventory to determine progress toward adopted GHG 
targets. It then assesses emissions by category to determine whether any further insights can be drawn 
about where and why emissions have changed, evaluates specific GHG reduction measures, including 
any performance targets and progress indicators, and determines whether the supporting, often non-
quantifiable, activities included in the CAP were completed. This comprehensive structure allows for a 
high-level evaluation of overall targets and sufficient detail to evaluate measures and actions to help 
determine what activities are working well and what changes might be needed to improve others.  


Figure 9 summarizes the monitoring framework and the role of GHG reduction estimates in the monitoring 
process.  


Figure 9 CAP monitor ing f ramework  


 
 
If emissions are not decreasing sufficiently to reach adopted targets or if particular measures are not 
leading to expected reductions, it might be necessary to remove or modify ineffective measures and to 
identify additional CAP measures.  


Another aspect of assessing the GHG reduction potential of CAP measures is to track federal and State 
regulations to understand their contribution to overall GHG emissions levels. If, for example, federal and 
State regulations change and do not lead to expected projected emissions reductions, the local gap will 
become larger and additional local emissions reductions measures will be needed to meet the targets. 
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3.3 Other aspects of climate action planning 


GHG reduction analysis plays a role in the cost-effectiveness of CAP measures. The net cost or benefit 
per metric ton (MT) of GHG emissions reduced (typically expressed as $/MT CO2e reduced) provides one 
way to compare the effectiveness of CAP measures. 


Unlike in the assessment of GHG reduction of a measure in a particular target year, the calculation of a 
$/MT CO2e requires use of the cumulative total GHG reduction over the life of a given measure 
(technology or activity). For example, to determine the $/MT CO2e from solar panels installed in 2016, the 
total GHG emission reductions from the solar panels over their useful life (25 years) must be used along 
with the net costs and benefits of the system over the same period. Technical Appendix III describes the 
methods in detail.  


4. Selecting CAP GHG reduction measures 


Local CAP measures represent a jurisdiction’s commitment to reduce GHG emissions, the following 
sections describe the considerations and processes to select CAP measures.  


4.1 Considerations for selecting CAP GHG reduction measures 


This Appendix focuses on the GHG reduction potential of common CAP measures; however, there are 
several factors to consider when selecting CAP measures, including the factors listed below. Determining 
whether to include or exclude a particular measure may require tradeoffs between these factors.  


• Authority – Whether the local jurisdiction has authority in a particular area to take actions to  
reduce emissions. For example, local governments generally have broad land use and permitting 
authority but cannot regulate the renewable energy content of utilities or emissions standards for  
cars and trucks.  


• Data availability – Whether sufficient data are available to quantify GHG reductions. Some 
measures require specific information about the number of projects or permits for a specific type of 
project, which may not be readily available. Also, if data are not available to estimate GHG reductions 
for inclusion in the CAP, they also may not be available during the monitoring process. 


• Feasibility – Whether it is feasible for local jurisdictions to implement the measure in their 
community. GHG reduction measures should be feasible for the jurisdiction based on community 
development, demographics, and other characteristics.  


• New development – Whether and how a measure will impact requirements for new development 
projects is an important factor. This topic is discussed in relation to CEQA in the Technical 
Appendix V. 


• Financial impacts – The benefits and costs over time of implementing a CAP measure. Determining 
the financial impact includes three main parts: (1) the cost to the local jurisdiction to implement CAP 
measures, (2) the cost-effectiveness of the measure to reduce GHG emissions, and (3) the financial 
impacts to participants who comply with or engage in activities defined in the CAP measure. These 
topics are discussed in detail in Technical Appendix III and IV. 


• Co-benefits – While the primary focus is to reduce GHG emissions, many CAP measures have 
additional benefits, such as improved air quality, local economic benefits, improved public health and 
quality of life, and protection of natural resources. Measures that meet these other priorities may be 
included in CAPs. Understanding the benefits beyond the GHG reductions can help to put CAP 
measures into a broader context.  
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There are relationships among these factors. For example, a CAP measure may have a very low cost to 
implement but result in minor GHG reductions. Another measure may have a higher implementation cost 
but reduce GHG emissions significantly and also have important associated co-benefits. Local jurisdiction 
staff and decision-makers balance these and other factors when determining the most appropriate suite 
of GHG reduction measures to meet targets.  


4.2 Master list of reduction measures 


There are twelve adopted CAPs in the San Diego region as of April 2018, with a range of CAP strategies, 
measures, actions, and supporting activities. This ReCAP includes a master list of reduction measures as 
a technical resource for local jurisdictions. The list can be used to assist in identifying potential measures 
during the CAP development or update process. Figure 10 summarizes the master list of measures by 
emissions category for CAPs in the San Diego region.  


Figure 10 Categor izing GHG reduct ion measures in  adopted  
CAPs (San Diego region, as  of  Apr i l  2018) 2 


 


 
 


Table 1 documents the 38 measure categories included in the region’s CAPs and lists the number of 
measures and local actions identified for each. 


Table 1  Number  of  measures and act ions by emiss ions  
category,  s trategy,  and measure category  


Emissions 
category 


GHG reduction 
strategy Measure category Measures Actions 


Transportation Zero emission/ 
alternative fuels 


Agriculture vehicles/equipment 2 2 


Government fleet 8 20 


Construction and landscape 
vehicles/equipment 6 7 


                                                      
 
2  There are 242 local measures and 741 local actions in the 12 CAPs adopted as of April 2018. This number does not mean there are 242 


unique types of measures or 741 unique types of actions. 







ReCAP: Technical Appendix II 


GH G R ed u c t i o n  C a l cu l a t i o n  M e t h o ds  f o r  C A P  Me a s u r e s  |  1 1  


Emissions 
category 


GHG reduction 
strategy Measure category Measures Actions 


Zero emission/alternative fuel 
infrastructure 11 53 


Preferred parking 3 12 


Vehicle retirement program 1 6 


Fuel use reduction Transportation Systems 
Management (TSM) 7 12 


VMT reduction 


Transportation Demand 
Management (TDM) outreach and 
education 


10 30 


Active transportation 12 36 


Shared mobility services 2 8 


Smart growth development 10 38 


Complete streets 4 12 


Mass transit 6 25 


Commuter incentives and rewards 7 23 


Energy 


Zero net energy Zero net energy 1 4 


Cogeneration Cogeneration 1 3 


Energy use 
reduction 


Energy efficiency retrofits 36 131 


Reduce Heat Island Impacts 1 0 


Smart meters/appliances 3 11 


New construction reach codes 6 8 


Renewable energy 


Increase citywide renewable 
supply 8 20 


Increase renewable supply 
(behind the meter, e.g., solar PV) 21 55 


Solar water heater 7 19 


Water & 
wastewater 


Methane capture Methane capture 2 2 


Recycled/reclaimed 
& gray water Recycled/reclaimed & gray water 9 21 


Water Conservation 


Indoor and outdoor 13 45 


Outdoor 5 20 


Rate structures 2 3 


Water utility 
improvements Water utility improvements 3 6 


Solid waste 


Methane capture Methane capture 1 2 


Solid waste 
reduction & 
recycling 


Solid waste reduction & recycling 17 53 
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Emissions 
category 


GHG reduction 
strategy Measure category Measures Actions 


Other 


Trees & open 
space 


Easements 2 11 


Shade trees 2 11 


Urban forest 12 29 


Direct investment 
program Direct investment program 1 3 


Total 242 741 
 


Figure 11 and Figure 12 provide examples of the types of measures classified together for the respective 
measure categories.  


Figure 11 Select Measures inc luded in Smart  Growth Development  measure category 


 


Figure 12 Select measures inc luded in increase renewable supply measure category 
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Measures and actions can be categorized several different ways in addition to emissions category, 
strategy and measure category. Other ways to categorize measures include: 


• By policy type: mandatory, voluntary, or supporting 


• By action type: education, incentive, ordinance, municipal code, etc. 


• By customer type: residential, commercial/industrial, city/county, agricultural, etc. 


• By building type: new construction, existing construction, jurisdiction facilities, etc. 


The master list does not include the GHG reduction potential of the measures, because the reduction 
potential of the same measure may differ in each jurisdiction due to different input data. However, the 
methods to calculate emissions reductions from common CAP measures are discussed in this Appendix 
Section 5.5 through Section 5.9.  


This list will be updated and expanded periodically as more jurisdictions adopt new CAPs or update 
existing CAPs. 


4.3 GHG reduction measures matrix 


To facilitate the development of CAP GHG reduction measures, a matrix is typically used to organize 
information and identify data that may be needed. It also can be an efficient way to communicate a lot of 
information in a relatively small space in the CAP document. Because staff members from multiple 
departments participate in the CAP development process, the matrix can also serve as a tool to share 
information and progress on the GHG reduction measures. A completed matrix serves as the 
organizational structure and main content of the CAP document. Typical fields of information in a GHG 
reduction measure matrix include: 


• Emissions category – Organized by the broad emissions categories in the inventory, including 
transportation, energy, water, solid waste, etc.  


• CAP strategy – CAPs generally have several broad strategies to reduce emissions. These can 
include increasing building efficiency, renewable energy, clean transportation, zero waste, etc. 
Multiple strategies can be associated with one emissions category. 


• CAP measure – Measures are more specific expressions of broad strategies. For example, 
measures under the building efficiency strategy can seek to increase building efficiency in new or 
existing homes. Multiple measures can be associated with one strategy. 


• Local action – These are the specific actions that a local jurisdiction would take to implement the 
measure. These can include adopting ordinances, developing and implementing programs, or 
educational outreach. In the case of a “qualified” CAP, local actions must demonstrate substantial 
evidence for estimating GHG emissions reductions.  


• Performance indicators or metrics – Each action can have associated performance metrics for 
tracking progress, which can be evaluated during the monitoring and progress reporting phase. 
Technical Appendix VI includes a more detailed discussion of this phase.  


• Supporting activities – These are activities that can be implemented by the local jurisdiction that 
support implementation of an action or measure but may not directly lead to quantifiable GHG 
reduction. For example, educating residents about incentives or rebate programs and making 
available a PACE financing program to help residents implement efficiency projects may facilitate 
GHG reducing activities but do not directly reduce emissions. In the case of PACE financing, the 
energy efficiency retrofit or PV system installed is what would be considered a quantifiable GHG 
reducing activity.  
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Figure 13 shows examples of information that could be included in a GHG reduction measure matrix. 


Figure13 CAP GHG reduct ion measure matr ix  example 


  


In addition, it can be helpful also to have other fields to collect related useful information.  


• Data needs – Identifying the data necessary to estimate the GHG reduction from a specific action.  


• Implementation-related information – CAPs often include a section on implementation. 
 Collecting this information during the GHG reduction measure development process provides 
important information to be considered by staff and decision-makers. Additional fields could include 
the department responsible for implementing a measure, the timeframe for implementation, and  
cost information, including internal implementation costs and measure-by measure benefit cost 
analysis results.  


5. Methods to estimate GHG reduction from CAP measures 


Currently, there is no standardized or official protocol or method used by jurisdictions in California to 
calculate GHG reductions from CAP measures, unlike estimating community-scale GHG inventories, 
where almost all jurisdictions in California use the U.S. Community Protocol for Accounting and Reporting 
of Greenhouse Gas Emissions (ICLEI U.S. Community Protocol). The following section includes an 
overview of methods and considerations to estimate GHG reductions in the ReCAP, as well as limitations 
of existing GHG reduction methods and tools.   
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5.1 Overview of existing GHG reduction methods and tools  


5.1.1 CAPCOA – GHG quantification report 
In 2010, the California Air Pollution Control Officers Association (CAPCOA) developed Quantifying 
Greenhouse Gas Mitigation Measures: A Resource for Local Government to Assess Emission Reduction 
from Greenhouse Gas Mitigation (CAPCOA GHG Quantification Report) to provide a standardized 
method to estimate GHG and criteria pollutant emissions reductions from measures at the project level. 
Figure 14 shows a screenshot of the CAPCOA GHG Quantification Report and its list of transportation 
measures.  


Figure 14 CAPCOA GHG quant i f icat ion repor t  and transpor tat ion measure 
examples  


 


5.1.2 ICLEI – SEEC ClearPath tool California 
The Statewide Energy Efficiency Collaborative (SEEC) ClearPath tool, developed and managed by ICLEI, 
the State of California, the Climate Registry, and others, is a web-based tool that local governments can 
use to calculate emissions reductions and develop CAP scenarios. Figure 15 is a screenshot of the inputs 
needed to be entered into the ClearPath Tool to calculate the GHG reduction of a residential energy 
retrofit measure.  
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F igure 15 Example of  ClearPath tool – inputs and  
outputs of  a GHG reduct ion measure  


 


5.1.3 Limitations of existing GHG reduction methods and tools 
The CAPCOA GHG Quantification Report focuses on the “quantification of projects and mitigation under 
CEQA…[m]ost of the measures quantified in the [CAPCOA GHG Quantification] Report are project-level 
in nature” (CAPCOA 2010, p.9). However, some of the methods discussed in the CAPCOA report and the 
literature substantiating it can be adapted and used to estimate GHG reductions from community-wide 
CAP measures. For example, the CAPCOA GHG Quantification Report discusses a measure titled “price 
workplace parking” that is expected to reduce employee commute VMT by charging for employee 
parking. It provides information on the range of effectiveness and can be used both at the project-level, as 
well as CAP-level. However, the CAPCOA GHG Quantification Report recognizes that “a full analysis of 
plan-level impacts will require consideration of additional factors, depending on the nature of the 
measure” (CAPCOA 2010, p.9).  


The SEEC ClearPath tool includes CAP scenario analysis that is applicable to any jurisdiction using the 
tool. To be consistent with GHG inventories and reduction measures in the San Diego region, off-model 
estimates and calculations would have to be entered into the ClearPath tool as the forecast “growth 
factor.” For each emission category, the user is required to enter a “growth factor” of the activity or 
emission factor, which is the compound annual growth rate that will occur over each five-year period 
within the CAP horizon (SEEC, 2013). This growth rate would be affected by the impacts of CAP 
reduction measures.   
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5.2 Considerations for estimating GHG reduction from CAP measures 


To develop the methods to estimate GHG reduction from CAP measures, the following are the key 
considerations.  


• Emission factor – The GHG emission factor—the emissions per unit of activity—and how it changes 
over time affects GHG reduction calculations. For example, the vehicle fleet becomes more efficient 
in future years with lower GHG emissions per mile driven, reducing VMT will result in fewer GHG 
emissions reductions over time. 


• Baseline activity level – The performance metrics for CAP measures are often based on a level of 
activity above and beyond baseline activity level. Therefore, to estimate the associated GHG 
reduction amount also depends on knowing the baseline activity level. For example, if a CAP 
measure seeks to reach a total of 1,000 MW of behind-the-meter PV in 2020, it is necessary to 
determine the amount of PV that was already installed in the baseline year and to calculate the 
amount of additional PV installed through 2020. GHG reduction estimates would be based on the 
incremental installations and not on the total PV in 2020. 


• Activity level – A change in the level of a GHG emitting activity affects the associated GHG 
reduction calculation. Reducing VMT will reduce GHG emissions even if the emissions factor remains 
the same.  


• Performance rate – A change in the performance rate of a system affects the GHG reduction 
calculation. For example, PV panels degrade over time and the amount of energy generated declines 
over time. 


• Interaction among measures – Interconnections among CAP measures affect the GHG reduction 
estimate. For example, an increase in the share of electric vehicles in the vehicle fleet will reduce the 
average vehicle emissions per mile driven, but also increases electricity use from charging, which 
may increase emissions in the electricity category.  


5.3 Overview of methods to estimate GHG emissions reduction 


As discussed in Section 4.3 GHG Reduction Measures Matrix, CAP strategies are generally broad and 
may include several measures. For example, CAP measures to require PV to be installed on new homes 
and expand PV installations at municipal facilities could both be organized under the same CAP strategy 
“Increase Renewable Electricity Supply.” Strategies are generally divided into two types: 1) those that 
reduce the activity level of an emissions-generating activity, sometimes called “quantity” measures; and  
2) those that reduce the GHG intensity or emission factor of an emissions-generating activity, sometimes 
called the “rate” measures. This also matches California’s policy approach for reducing GHG emissions, 
as discussed in Section 3. Figure 16 provides a breakdown of sample strategies in each emissions 
category.   
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F igure 16 Breakdown of  CAP st rategies  and the assoc iated emissions category 


 
 
The general equation to estimate GHG emissions reductions for the five basic emissions-generating 
activities are similar, as shown in Equation 1.  


Equat ion 1 General equat ion to est imate GHG emiss ions reduct ion  


∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 =  ∆ 𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 ∗  ∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛  
Where  
∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = emissions reduction from an emissions category in a given year, in 


metric tons (MT) of CO2e 
∆ 𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = change in activity level of a category in a given year, unit depends on 


the activity category 
∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = change in emission factor of a category in a given year, MT CO2e per 


unit of activity  
With  
category = [electricity, natural gas, transportation, water, wastewater, waste] 
n = a CAP horizon year, from baseline year to CAP horizon end year 


 
In Equation 1, both activity level (A) and emission factor (EF) are variables. Each CAP measure may 
result in a change of activity level only, a change of emission factor only, or both. Each CAP strategy may 
include several measures that change both activity level and emission factor. The following is an example 
of each case: 


• Increasing building efficiency changes the activity level (decreases kWh) in the electricity category; 


• Implementing a vehicle replacement program using electric or natural gas vehicles changes the 
emission factor (decreases grams CO2e/mile) in the transportation category; or 


• Diverting organic waste from landfills changes both the activity level (lowers waste tonnage) and the 
emission factor (lowers MT CO2e/ton) in the waste category. 


The emission reduction calculation and data needs for each broader CAP strategy are discussed in 
Section 5.5 to Section 5.8, with sample calculations of typical measures included in the strategy.  
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There are other CAP strategies and measures that reduce overall emissions and increase climate 
resiliency, but do not fit in a specific emissions category. Examples of these strategies and measures 
include:  


• Increasing carbon sequestration through conserved open space and natural lands; 


• Increasing carbon sequestration through increased urban tree canopy cover; and 


• Reducing heat island effect through rooftop gardens.  


The emissions sequestration calculation for these measures does not follow the general equation and is 
discussed separately in Section 5.9. 


5.4 Effect of order of GHG reduction calculation 
of inter-related CAP measures – a limitation 


Equation 1 above shows the general equation to estimate GHG reductions from CAP measures; this 
involves multiplying the changes in an activity by the changes in the GHG intensity of that activity. 
However, measures that reduce the GHG intensity (e.g., electricity emission factor) and those that reduce 
the level of activity (e.g., electricity use) will happen at the same time. It is not possible to calculate both 
the effects of reduced intensity and reduced use simultaneously; therefore, it is necessary to calculate 
one before the other. 


Figure 17 provides an example to illustrate the interrelationship of activity- and emission factor-related 
policies.  


Figure 17 Example of  in ter-re lated CAP measures wi th in one emiss ion category 3 


 
The sequencing of calculations determines the magnitude of the emissions reduction of each measure.  
In this Appendix, the “emission factor first” or “rate first” approach is used. For example, the emissions 
reduction from the RPS, which increases renewable electricity and lowers the electricity emission factor, 
is calculated first. Then, the emissions reduction of a local energy efficiency measure would be calculated 
using a lower emission factor, since the RPS has already been accounted for.  


  


                                                      
 
3  Alternatively, generation from behind-the-meter PV systems can be considered as reducing electricity supply from the grid. In this Appendix, 


the electricity emission factor represents the emission factor of all supply including behind-the-meter and grid supply, therefore generation 
from behind-the-meter PV is considered as an additional renewable supply that reduces electricity emission factor.  
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The result would overestimate the emissions reduction from the RPS and underestimate those from the 
local energy efficiency measures. If the calculation order is reversed, then the opposite outcome arises: 
the reductions from local energy efficiency measures would be overestimated and the reduction from the 
RPS would be underestimated. The total combined reduction for the two measures will be the same 
regardless of the order, but the amount allocated to each will be skewed by the order in which it was 
calculated.  


The “emission factor first” or “rate first” method is used in this Appendix. This is a reasonable  
approach, since the magnitude of change in the “emission factor” CAP measures (e.g., increase 
renewable supply through local renewable program) is typically greater than that from “quantity” CAP 
measures (e.g., increase building efficiency in existing and new buildings). Nonetheless, developing a 
method to divide the emission reduction equally between the two calculation approaches remains a 
methodological challenge to be addressed in the future, and is discussed in a paper published by EPIC 
(Anders, et al., 2015). 


This issue can also affect the cost-effectiveness portion of the benefit-cost analysis results, since the 
GHG reduction over the lifetime of a project would differ depending on the order of these calculations. 
This is discussed in more detail in Technical Appendix III – Benefit-Cost Analysis for CAP Measures.  


5.5 Emissions reductions from energy-related measures 


Emissions reductions from energy-related measures generally can be separated into two categories:  


• Increase in renewable electricity supply (Section 5.5.1) 


• Increase in building efficiency (Section 5.5.2) 


The following sections describe the methods and data needs for calculating GHG emissions reductions 
from State regulations and CAP measures within these two categories. 


5.5.1 Increase renewable electricity supply 
Measures that increase the renewable content in the electricity supply generally provide a large portion of 
the overall GHG reductions in a CAP. This section discusses the method to estimate GHG reductions 
from these measures, which includes the following calculations: 


1. Weighted average emission factor of all electricity supplied to a jurisdiction based on sources of 
electricity from all supplies 


2. Overall renewable content of the electricity supply based on the renewable content of each supply 
(grid-supply and self-supply) 


3. Overall emissions reduction from increasing renewable content 


4. Emissions reduction from State regulations and CAP measures that increase renewable content  


Figure 18 provides an overview of the process to adjust the weighted emission factor and estimate GHG 
reductions due to measures that increase the renewable content in the electricity supply. 
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F igure 18 Process for  es t imating GHG reduct ions  
f rom renewable e lectr ic i t y pol ic ies  


 
 


Weighted average emission factor of electricity supply 
Estimating an emission factor for electricity is central to estimating GHG reductions for measures related 
to electricity. As discussed in the Technical Appendix I: GHG Inventories, Projections and CAP Target 
Selection and in Figure 19 below, to estimate the emission factor, all electricity sources are considered; 
grid-supply (San Diego Gas & Electric [SDG&E] and other Electric Service Providers) and self-supply 
(e.g., behind-the-meter PV systems) are part of the electricity supplied to the jurisdiction. This inclusive 
view of electricity, called “gross generation,” represents the total electricity generation needed to supply 
electricity end uses, including losses. To accurately estimate total emissions from the electricity and the 
effects of GHG reduction measures in this category, gross generation is considered.  
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F igure 19 Example of  e lect r ic i t y use categor ies def ined by  
the Cal i forn ia Energy Commission (CEC, EPIC 2017)  


 
There are many different sources that supply electricity to customers, each with its own emissions profile. 
For example, about 15 percent of electricity sales in the SDG&E service territory is provided by suppliers 
other than SDG&E under direct access (DA). This portion of supply has a different emissions profile than 
SDG&E’s supply. To account for this variation in supply sources, all sources should be included to create 
an average emission factor for the local jurisdiction. This approach provides an average emission factor 
that can be used to estimate the effects of activities to reduce electricity within the jurisdiction. For 
example, if a customer with behind-the-meter solar reduces electricity use, this approach would 
appropriately account for the emissions impact.  


The weighted average emission factor calculated in this section accounts for the emissions of all supply 
sources included in the gross generation. The percentage of gross generation provided by each supply 
and the percentage of renewable content in each supply are key components to calculate the weighted 
average emission factor (Equation 2).  


Equat ion 2 W eighted average e lectr ic i t y emission fac tor  ca lculat ion  


 𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 =  � (𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐


 ∗  
�1 − 𝑅𝑅𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛�


(1 − 𝑅𝑅𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,𝑏𝑏𝑐𝑐𝑠𝑠𝑐𝑐𝑒𝑒𝑒𝑒𝑛𝑛𝑐𝑐)
∗ 𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,𝑏𝑏𝑐𝑐𝑠𝑠𝑐𝑐𝑒𝑒𝑒𝑒𝑛𝑛𝑐𝑐) 


Where  
𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 = emission factor of the electricity (gross generation) in a jurisdiction in a given year, 


in lbs CO2e per MWh 
𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛 = percent of gross generation supplied by an electricity supply in a given year, % 
𝑅𝑅𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,𝑏𝑏𝑐𝑐𝑠𝑠𝑐𝑐𝑒𝑒𝑒𝑒𝑛𝑛𝑐𝑐 = renewable content of SDG&E supply in CAP baseline year, in lbs CO2e per MWh, 


2010-2016 SDG&E supply renewable content are given in Table 5 of Technical 
Appendix I 


𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,𝑏𝑏𝑐𝑐𝑠𝑠𝑐𝑐𝑒𝑒𝑒𝑒𝑛𝑛𝑐𝑐 = electricity emission factor of SDG&E supply in CAP baseline year, in lbs CO2e per 
MWh, 2010-2016 SDG&E emission factors are given in Table 5 of Technical 
Appendix I 


With,  
supply = all electricity supplies, including but not limited to: SDG&E, behind-the-meter PV, 


local renewable program 
n = a CAP horizon year, from baseline year to CAP horizon end year 


 
The following is an example of the weighted average emission factor calculation for a sample local 
jurisdiction that has a 2010 CAP baseline year with three electricity supplies (SDG&E, Community Choice 
Aggregation [CCA]), and behind-the-meter PV) in 2035. The renewable content and percent of electricity 
provided by each supply for 2035 are given in Table 2. The assumptions in Table 2 are based on State 
regulations and potential performance indicators of CAP measures. The percentage of gross generation 
supplied by CCA would be based on the anticipated participation rate of the program, a potential 
performance indicator of the program.   
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Table 2 Background data for  a weighted average  
e lec tr ic i t y emiss ion factor  ca lculat ion example  


Ye
ar


 


Supply 1:  
Community Choice Aggregation 


Supply 2:  
SDG&E 


Supply 3:  
Behind-the-meter PV 


% of Gross Generation 
Supplied 
𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶,2035 


Renewable 
Content 
𝑅𝑅𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶,2035 


% of Gross 
Generation 
Supplied 
𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2035 


Renewable 
Content 


𝑅𝑅𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2035 


% of Gross 
Generation 
Supplied 
𝑃𝑃𝑠𝑠𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2035 


Renewable 
Content in 


Supply 
𝑅𝑅𝐸𝐸𝑠𝑠𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2035 


2035 70% 100% 17% 50% 13% 100% 


Baseline year 2010: 𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2010 = 736 𝑙𝑙𝑙𝑙𝑙𝑙 𝐶𝐶𝑂𝑂2𝑐𝑐
𝑀𝑀𝑀𝑀ℎ


,  𝑅𝑅𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2010 = 10% 


 
Using data from Table 2 and Equation 2, the weighted average emission factor for this 2035 scenario is 
72 lbs CO2e/MWh (Equation 3).  


Equat ion 3 Example of  a weighted average e lectr ic i t y emission fac tor ca lculat ion  


𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2034 =  𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2035 ∗  
�1 − 𝑅𝑅𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2035�
�1 − 𝑅𝑅𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2010�


∗ 𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2010 + 𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶,2035 ∗  
�1 − 𝑅𝑅𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶,2035�
�1 − 𝑅𝑅𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2010�


∗ 𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2010+ 𝑃𝑃𝑠𝑠𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2035 ∗  
�1 − 𝑅𝑅𝐸𝐸𝑠𝑠𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2035�
�1 − 𝑅𝑅𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2010�


∗ 𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2010 = 72 𝑙𝑙𝑙𝑙𝑙𝑙
𝐶𝐶𝑂𝑂2𝑒𝑒
𝑀𝑀𝑀𝑀ℎ


 


 
Overall renewable content of electricity supply 
Some existing CAPs in the San Diego region include a goal to achieve 100 percent renewable electricity 
supply. This goal could apply to all or a portion of gross generation; that is, it could apply only to the 
portion of electricity supplied from the grid or gross generation. The approach summarized here assumes 
that it applies to gross generation. Based on this and concepts discussed above, the overall content of 
renewables in the supply is calculated using Equation 4 below.  


Equat ion 4 Overal l  renewable content  of  e lectr ic i ty supply calculat ion  


 𝑅𝑅𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 =  � (𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐


 ∗ 𝑅𝑅𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛) 


Where  
𝑅𝑅𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 = overall renewable content of the electricity supply (gross generation) in a given 


year, % 
𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛 = percent of gross generation supplied by an electricity supply in a given year, % 
𝑅𝑅𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛 = renewable content of an electricity supply in a given year, % 
  
With,  
supply = all electricity suppliers, including, but not limited to: SDG&E, behind-the-meter 


PV, local renewable program 
n = a CAP horizon year, from baseline year to CAP horizon end year 


 
Using the 2035 scenario discussed in Section 5.5.1.1 and data in Table 2, the overall renewable content 
of the electricity supply (gross generation) in this scenario is 91 percent (Equation 5). This value would 
change if it represented the renewable content of only grid supply or utility supply.  


Equat ion 5 Example of  overa l l  renewable content  of  e lec tr ic i t y supply calculat ion  


𝑅𝑅𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2035 =  𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸 ,2035 ∗ 𝑅𝑅𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸 ,2035 + 𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶,2035 ∗ 𝑅𝑅𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶,2035+ 𝑃𝑃𝑠𝑠𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2035 ∗  𝑅𝑅𝐸𝐸𝑠𝑠𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2035 = 91% 
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With more aggressive strategies and CAP measures to increase renewable supply, the overall renewable 
content will approach 100% and the weighted average emission factor will decrease further. The 
weighted average emission factor is applied to all the measures that reduce electricity use (activity level), 
discussed in Section 5.5.2. As a result of the interaction between measures and the increasing renewable 
content (lower emissions), measures to reduce electricity use will yield fewer GHG reductions over time.  


Emissions reduction from increasing renewable electricity supply 
To calculate the emissions reductions from all State regulations and CAP measures that increase 
renewable electricity supply, the total reduction associated with a particular level of clean electricity is 
calculated first and then allocated to each measure. The total reduction is based on the gross generation 
in a given year and the difference between the weighted average electricity emission factor for a baseline 
and target year (Equation 6).  


Total emissions reduction from increasing renewable supply 


Equat ion 6 Emissions reduct ion f rom increas ing renewable supply calculat ion  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,𝑛𝑛 =  𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑛𝑛 ∗  ∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 ∗ 0.000453 
Where  
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,𝑛𝑛 = total emissions reduction from increasing renewable electricity supply in a 


given year, in MT CO2e 
𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑛𝑛 = electricity gross generation, including all suppliers in a given year, MWh 
∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 = difference in emission factor of the electricity (gross generation) in a 


jurisdiction in a given year compared with baseline year, in pounds CO2e per 
MWh 


0.000453 = conversion factor, MT CO2e in a pound 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 


 
Using this method, the following example illustrates this approach to estimating the emissions reduction in 
2035 (with a 2010 CAP baseline) from all measures that increase renewable supply in a jurisdiction 
(Table 3). 


Table 3 Example of  emiss ions reduct ion calculat ion  
f rom increas ing renewable supply  


Ye
ar


 


Gross 
generation 


(GWh) 
𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸2035 


Baseline 
emission factor 


 (lbs CO2e/MWh) 


Weighted 
emission factor  
(lbs CO2e/MWh) 


Difference between 
baseline and weighted 


emission factor  
(lbs CO2e/MWh) 
∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2035 


Total emissions 
reduction  


(MMT CO2e) 
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,2035 


2010 9,580 730 730 - - 
2035 13,910 730 72 658 4.16 
MMT CO2e = million metric ton CO2e 


 
Allocating total emissions reduction to each supply  
Once the total emissions reduction from increasing renewable supply is estimated, it is allocated to each 
supply based on the percent contribution of each supply to overall renewable content (Equation 7).  
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Equat ion 7 Emissions reduct ion f rom each supply  
increas ing renewable supply calculat ion  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛 =  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,𝑛𝑛 ∗ (
𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛  ∗ 𝑅𝑅𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛


 𝑅𝑅𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛
) 


Where  
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛 = emissions reduction of an electricity supply from increasing renewable 


content in a given year, in MT CO2e 
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,𝑛𝑛 = total emissions reduction from increasing renewable electricity supply in a 


given year, in MT CO2e, refer to Equation 6 
𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛 = percent of gross generation supplied by an electricity supply in a given year, 


% 
𝑅𝑅𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐,𝑛𝑛 = renewable content of an electricity supply in a given year, % 
𝑅𝑅𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 = overall renewable content of the electricity supply (gross generation) in a 


given year (%), refer to Equation 4 
  
With,  
supply = all electricity supplies, including but not limited to: SDG&E, Behind-the-


meter PV, Community Choice Aggregation 
n = a CAP horizon year, from baseline year to CAP horizon end year 


 
For the scenario given in Table 3, the total emissions reduction from increasing the renewable electricity 
supply is 4.16 MMT CO2e in 2035 (∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,2035). Using this method, the emissions reduction from 
SDG&E increasing its renewable supply to 50% renewable electricity in 2035, is calculated in Equation 8. 
In this example, SDG&E supplies 17% of the gross generation. 


Equat ion 8 Example of  emiss ions reduct ion f rom SDG&E provid ing renewable 
e lec tr ic i t y  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2035 =  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,2035 ∗ �
𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2035  ∗ 𝑅𝑅𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,,2035


 𝑅𝑅𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2035
� = 4.16 ∗ �


17% ∗ 50%
 91%


�


= 0.4 𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝑂𝑂2𝑒𝑒 
The same method can be used to allocate the emissions reduction to the other two renewable electricity 
supplies (behind-the-meter PV and CCA). The results of the allocation are shown in Table 4. 


Table 4 Example calculat ion of  emiss ions reduct ion  
f rom each supply increas ing renewables  


Supply 


2035 


% of gross 
generation 
supplied by 
renewables 
(renewable 


content) 


Renewables from 
each category/total 


Emissions reduction  
(MMT CO2e) 


SDG&E 9% 10% 0.40(∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑆𝑆𝑆𝑆𝑆𝑆&𝐸𝐸,2035) 
CCA 70% 77% 3.19(∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝐶𝐶,2035) 


Behind-the-meter PV 13% 14% 0.57(∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,2035) 


Total 91% 100% 4.16 (∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,2035) 
 
A CAP could include multiple measures that increase the renewable content of a supply. For example, 
the renewable content of a local renewable program could be affected by both the State’s RPS in addition 
to local goals. In this case, the amount associated with the RPS would be shown as a reduction due to 
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State policies and regulations, while the additional renewable content above State targets from local 
renewable energy programs would be shown as a local reduction. Also, increasing behind-the-meter PV 
capacity could be affected by State policies and regulations, as well as local CAP measures targeting 
existing buildings and/or new construction. The following two sections discuss State regulations and local 
CAP measures that increase renewable content.  


California regulations to increase renewables in electricity 
The California RPS and California Solar Programs and Policies are the two main state policies to 
increase renewable content in electricity supply.  


California renewables portfolio standard 
Signed into law in 2011, the RPS requires all of California’s electric service providers to increase 
procurement from eligible renewable electricity sources in supply to 33% of total procurement by 2020. In 
2015, Governor Brown signed into law SB 350, which increases renewable electricity targets to 50% by 
2030. All electric service providers must meet these RPS requirements, including utilities (SDG&E), 
electric service providers for DA customers, and other local renewable programs, including CCAs.  


For electricity transmitted and distributed by SDG&E, including electricity provided to DA customers, it is 
assumed that SDG&E will meet the 2020 and 2030 RPS requirements. SDG&E exceeded the 2020 
targets with a verified renewable content level of 35% and 43% in 2015 and 2016, respectively. Because 
local jurisdictions do not have authority to affect statewide renewable electricity standards, which are the 
purview of State regulatory agencies, CAPs generally account for the level of renewable electricity 
required by State law. However, since inventories monitor progress of GHG emissions, an inventory will 
account for the total renewable electricity supply in a given year regardless of whether it is above 
statewide targets. For example, a local jurisdiction will include GHG reductions for 2020 that assume that 
SDG&E will meet the 33% renewable electricity content requirement, but when a 2020 inventory is 
conducted, it will reflect the actual amount of renewable electricity supplied in that year. All emissions 
reductions from SDG&E (and suppliers for SDG&E’s DA customers) that come from increasing renewable 
content (calculated using Equation 7) are attributed to the RPS and reduce the amount of overall GHG 
reductions required to reach emissions targets. 


For local renewable programs that meet and exceed RPS requirements, such as CCA, a portion of the 
emissions reduction from the local renewable program will be attributed to the State RPS compliance, 
and the remaining reduction will be attributed to the local renewable program. For example, for a local 
renewable program that calls for 80% renewables by 2030, the emissions reduction associated with the 
RPS (50% renewable supply) will be allocated to the RPS and the reductions associated with the 
additional 30% portion will be allocated to the local program. The allocation to State versus local 
measures is shown in Equation 9 using a local renewable energy program that goes beyond the RPS 
requirement as an example.  


Equat ion 9 Emission reduct ion calculat ion for  local   
renewable program in compl iance wi th RPS  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝑃𝑃𝑆𝑆,𝑛𝑛 =  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒 𝑅𝑅𝐸𝐸 ,𝑛𝑛 ∗ (
𝑅𝑅𝐸𝐸𝑅𝑅𝑃𝑃𝑆𝑆,𝑛𝑛 


 𝑅𝑅𝐸𝐸𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒 𝑅𝑅𝐸𝐸,𝑛𝑛
) 


Where  
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝑃𝑃𝑆𝑆,𝑛𝑛 = emissions reduction of a local renewable program in a given year, in 


compliance with RPS, in MT CO2e 
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒 𝑅𝑅𝐸𝐸,𝑛𝑛 = emissions reduction of local renewable program in a given year, in MT CO2e 
𝑅𝑅𝐸𝐸𝑅𝑅𝑃𝑃𝑆𝑆,𝑛𝑛 = RPS requirement in a given year, fixed for 2020 and 2030 and interpolated 


for other years 
𝑅𝑅𝐸𝐸𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒 𝑅𝑅𝐸𝐸,𝑛𝑛 = targeted renewable content of a local renewable program in a given year (%) 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
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California solar programs and policies 
California has several policies and programs to encourage behind-the-meter PV systems, including the 
California Solar Initiative, New Solar Homes Partnership, net energy metering, and electricity rate 
structures designed for solar customers. 


The latest CEC California Energy Demand 2018-2030 Revised Forecast (adopted in February 2018), has 
projections for behind-the-meter PV generation in the SDG&E planning area through 2030. The California 
Distributed Generation (DG) Statistics database includes capacities of behind-the-meter PV systems 
interconnected in a jurisdiction in a given year for each of the three Investor Owned Utilities (IOUs) 
planning area, including SDG&E. The DG Statistics provides detailed information about the behind-the-
meter PV systems installed in a jurisdiction from the start year of incentive programs through the current 
year. This provides a historical record used to determine the capacity in a given year, such as a baseline 
year, and also can help determine trends in PV installation. 


The compound annual growth rate of the SDG&E planning area solar generation projection is used to 
estimate the behind-the-meter PV growth rate for jurisdictions in the San Diego region and the electricity 
generation and associated emissions reduction from the California solar programs and policies. However, 
jurisdictions have different socio-economic characterizations that may impact solar system installation, so 
the regional factor may need to be calibrated to the local level. The estimated electricity generation in a 
jurisdiction from California solar programs and policies are given in Equation 10. 


Equat ion 10 Est imate e lectr ic i t y generat ion f rom  
Cal i forn ia solar  pol ic ies and programs  


𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,𝑛𝑛 = 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑠𝑠𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒,𝑛𝑛 ∗ (
𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒 ∗ 20% ∗ 8,760


𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑃𝑃𝑃𝑃,𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒
)𝑐𝑐𝑎𝑎𝑐𝑐  


Where  
 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,,𝑛𝑛 = annual electricity generation from behind-the-meter PV systems in a 


jurisdiction in a given year, in MWh 
 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑃𝑃𝑃𝑃,𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒,,𝑛𝑛 = annual electricity generation from behind-the-meter PV systems in the 


SDG&E planning area in a given year, in MWh 
𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒 = actual capacity of the behind-the-meter PV systems in a jurisdiction in a 


given year, in MW (dc) 
20% = average solar system capacity factor, ratio of average energy generated 


compared with nameplate capacity, in MWh/MW 
8,760 = hours per year 


With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


The data needs for the calculation are given in Table 5. 


Table 5 Data/ information needs table for  emissions reduct ion  
ca lculat ion – Cal i forn ia solar  pol ic ies and programs  


Data/information needs Data 
timeframe Data source 


Actual (interconnected) capacity of the 
behind-the-meter PV systems in a 
jurisdiction (𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒) 


CAP baseline 
year to most 
recent year 


California DG Statistics 


Annual electricity generation from behind-
the-meter PV systems in the SDG&E 
planning area  (𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑃𝑃𝑃𝑃,𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒,𝑛𝑛) 


CAP baseline 
year to all 
horizon years 


CEC energy demand forecast 
(currently available up to 2030) 
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The calculated annual electricity generation from behind-the-meter PV systems in a jurisdiction is used to 
calculate the percent of gross generation supplied by solar in a given year (𝑃𝑃𝑠𝑠𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛). Then, this value is 
used to calculate the emission reduction from increasing renewable supply through PV systems (see 
Equation 11, adapted from Equation 7).  


Equat ion 11 Emissions reduct ion f rom increas ing renewable  
supply through behind-the-meter PV systems  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,𝑛𝑛 =  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,𝑛𝑛 ∗ (
𝑃𝑃𝑃𝑃𝑃𝑃,𝑛𝑛  ∗ 𝑅𝑅𝐸𝐸𝑃𝑃𝑃𝑃
 𝑅𝑅𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛


) 


Where  
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,𝑛𝑛 = emissions reduction from increasing renewable content through behind-the-


meter PV systems in a given year, in MT CO2e 
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,𝑛𝑛 = total emissions reduction from increasing renewable electricity supply in a 


given year, in MT CO2e, refer to Equation 6 
𝑃𝑃𝑃𝑃𝑃𝑃,𝑛𝑛 = percent of gross generation supplied by behind-the-meter PV systems in a 


given year (%), calculation based on Equation 10 
𝑅𝑅𝐸𝐸𝑃𝑃𝑃𝑃 = 100%, renewable content of PV supply (%) 
𝑅𝑅𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 = overall renewable content of the electricity supply (gross generation) in a 


given year (%), refer to Equation 4 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


Using the same example discussed in Section 5.5.1.3, the total emissions reduction from increasing 
renewable supply is 4.16 MMT CO2e in 2035 (∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,2035). Using this method, the emissions 
reduction from behind-the-meter PV, which supplies 13% of the gross generation with 100% renewable in 
2030, is calculated in Equation 12. 


Equat ion 12 Example of  emiss ions reduct ion f rom  
behind- the-meter PV provid ing renewable e lectr ic i t y  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,2035 =  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝐸𝐸,2035 ∗ �
𝑃𝑃𝑃𝑃𝑃𝑃,2035  ∗ 𝑅𝑅𝐸𝐸𝑃𝑃𝑃𝑃,2035


 𝑅𝑅𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,2035
� = 4.16 ∗ �


13% ∗ 100%
 91%


�


= 0.57 𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝑂𝑂2𝑒𝑒 
 
This example focuses on State measures that affect behind-the-meter PV. However, CAPs generally 
include measures to increase behind-the-meter PV supply, such as requiring PV systems on newly 
constructed homes and installing PV on municipal facilities. Examples of local measures that increase 
renewable supply are given in Section 5.5.1.5. 


Local measures to increase behind-the-meter PV are likely associated with the State’s solar program. For 
example, locally-required PV installations on new construction may receive financial incentives from the 
New Solar Homes Partnership to reduce the upfront cost. To avoid double-counting the reductions from 
behind-the-meter PV, local CAP measures that increase behind-the-meter PV supply are subtracted 
from the expected statewide total of increasing behind-the-meter PV. 
Emissions reductions from all PV measures, calculated using Equation 11, are allocated to local CAP measures 
based on the estimated solar capacity from each local action; the remaining capacity and emissions 
reduction are attributed to State solar policies and programs, as shown in Equation 13.  
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Equat ion 13 Emissions reduct ion f rom increas ing renewable  
supply through Cal i forn ia solar  pol ic ies  and programs  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃−𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 =  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,𝑛𝑛 ∗ (
𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,𝑛𝑛 − 𝐶𝐶𝑃𝑃𝑃𝑃,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠,𝑛𝑛


 𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,𝑛𝑛
) 


Where  
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃−𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 = emissions reduction from increasing renewable content through State solar 


policies and programs in a given year, in MT CO2e 
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,𝑛𝑛 = emissions reduction from increasing renewable content through behind-


the-meter PV systems in a given year, in MT CO2e 
𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,𝑛𝑛 = estimated capacity of the behind-the-meter PV systems in a jurisdiction in 


a given year, in MWs (dc) 
𝐶𝐶𝑃𝑃𝑃𝑃,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠,𝑛𝑛 = estimated capacity of the behind-the-meter PV systems in a jurisdiction in 


a given year, as a result of CAP measures, in MWs (dc) 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


In the example given in Equation 12, the emissions reduction from all PV providing renewable electricity 
(0.57 MMT CO2e, ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,2035) is the result of both State solar programs and local CAP measures. 
The local CAP measures would result in 100 MW PV installation in the jurisdiction, while the estimated 
2035 jurisdiction-wide PV capacity would be 900 MW. Equation 14 below shows the allocation of 
emissions reductions to State solar programs based on the capacity.  


Equat ion 14 Example of  emiss ions reduct ion f rom increas ing  
renewable supply through Cali forn ia solar pol ic ies and programs  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃−𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,2035 =  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,2035 ∗ �
𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,2035 − 𝐶𝐶𝑃𝑃𝑃𝑃,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠,,2035


 𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,2035
�


= 0.57 ∗ �
900 𝑀𝑀𝑀𝑀 − 100 𝑀𝑀𝑀𝑀


 900 𝑀𝑀𝑀𝑀
� = 0.50 𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝑂𝑂2𝑒𝑒 


 


Local CAP measures to increase renewable electricity 
The 2017 Scoping Plan recommends “local governments can also incentivize locally generated 
renewable energy...” as one of the local actions to reduce GHG emissions (CARB 2017b, p. 97). All of the 
currently adopted CAPs in the San Diego region have measures to increase renewable electricity through 
local CAP measures, including, but not limited to: 


• Adopt ordinances to require new homes and commercial buildings to install PV systems; 


• Provide local incentives or financing programs to encourage PV systems installation at existing 
homes and commercial buildings; and 


• Achieve 100% renewable electricity through a CCA or similar program. 


Figure 20 shows three examples of measures in currently adopted CAPs that aim to increase renewable 
electricity. 
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F igure 20 Examples of  CAP measures to increase renewable 
e lec tr ic i t y (Del Mar 2016, Vis ta 2013, and San Marcos 2013)  


 
 
The following are the emissions reduction calculations for two typical CAP measures that increase 
renewable electricity.  


Local renewable program 
Local jurisdictions often include a local renewable program in their CAPs to reach a renewable electricity 
goal that is higher than required by State law. The local renewable program could be an additional 
electricity supply option, such as CCA or other local renewable programs. Such a program would have to 
supply electricity that meets RPS requirements but could provide higher levels of renewable electricity 
supply. In the San Diego region, several CAPs include goals to achieve 100% renewable electricity 
supplies.  


As discussed in Section 5.5.1.4, a portion of the emissions reductions from the local renewable program 
would be attributed to RPS compliance and included in statewide emissions reductions, while the 
remaining reductions would be attributed to the local CAP measure. The allocation method and attribution 
to RPS-compliant supply (∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝑃𝑃𝑆𝑆,𝑛𝑛) are discussed in Section 5.5.1.4 and Equation 9. The method 
to estimate GHG emissions reductions from local renewable measures is provided in Equation 15.  


Equat ion 15 Emission reduct ion calculat ion for  local  renewable program 


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒 𝑅𝑅𝐸𝐸,𝑛𝑛 − ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝑃𝑃𝑆𝑆 ,𝑛𝑛  
Where  
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = emissions reduction in electricity category through local renewable program in 


a given year, attributed to a local CAP measure, in MT CO2e 
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒 𝑅𝑅𝐸𝐸,𝑛𝑛 = emissions reduction of local renewable program in a given year, in MT CO2e 
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑅𝑅𝑃𝑃𝑆𝑆,𝑛𝑛 = emissions reduction of local renewable program in a given year, in compliance 


with RPS, in MT CO2e 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
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PV installation ordinance  
Local jurisdictions may include a CAP measure to adopt an ordinance that requires new homes and/or new 
commercial buildings to install PV systems. The estimated electricity generation from PV systems because 
of the ordinance is calculated using Equation 16. 


Equat ion 16 Est imate e lectr ic i t y generat ion f rom PV insta l la t ion ord inance  


 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑃𝑃𝑃𝑃,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  �(𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 ∗ 𝐶𝐶𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑃𝑃𝑃𝑃
𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐


) ∗ 20% ∗ 8,760 ∗ 10−3  


Where  
 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑃𝑃𝑃𝑃,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = annual electricity generation from behind-the-meter PV systems in a 


jurisdiction in a given year, as a result of a CAP measure, in MWh 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = number of housing units or sq. ft. of commercial spaces affected by a CAP 


measure, after CAP baseline year up to year n 
𝐶𝐶𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑃𝑃𝑃𝑃 = capacity requirement of the PV system in the ordinance, for each type of 


unit, kW (dc) for housing units or kW (dc)/sq. ft. for commercial spaces 
20% = average solar system capacity factor, ratio of average energy generated 


compared with nameplate capacity, in kWh/kW 
8,760 = hours per year 


10−3 = conversion factor, MWh in a kWh 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
unit = including, but not limited to: new single-family unit, new multi-family unit, 


new commercial spaces, etc. 
  


The data needs for calculating electricity generation from a PV ordinance are given in Table 6. 


Table 6 Data/ information needs table for  emissions  
reduct ion calculat ion – PV ins tal lat ion ordinance  


Data/information needs Data timeframe Data source 


Number of new housing units each year by type (single-
family, multi-family, etc.) 𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 


CAP horizon 
years 


Jurisdiction (for recent 
years) or SANDAG (for 
forecast) 


Square footage of new commercial space 𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 CAP horizon 
years Jurisdiction 


PV system capacity requirement in the ordinance𝐶𝐶𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑃𝑃𝑃𝑃 N/A Jurisdiction, literature, 
and case studies 


 
Jurisdictions can require different PV system capacity in new construction depending on the weather, 
location, and historical data of PV installations. The capacity requirement for residential units could be based 
on housing unit type and/or housing unit square footage. For example, the City of Santa Monica’s adopted 
solar ordinance is based on square footage. It requires a minimum of 1.5 watts per-square foot (1.5 W/ sq. ft.) 
for single-family units and a minimum of two watts per square foot of building footprint (2 W/ sq. ft.) for low-
rise multi-family units (City of Santa Monica, 2017). On the other hand, the City of Lancaster’s mandatory 
solar requirements for new homes are based on capacity per-unit, with a minimum capacity requirement for 
each housing type (City of Lancaster, 2016). The New Solar Homes Partnership has a database of installed 
systems that can provide information to inform the development of a PV system requirement for new homes.  


Local homeowners may install PV systems under the requirement of a local PV ordinance but receive benefits 
from State solar policies and programs. To avoid overestimating emissions reductions from PV, the maximum 
amount of behind-the-meter PV capacity and GHG reductions are capped at the projection associated with 
State solar programs and policies, as discussed in Section 5.5.1.4. The emissions reduction allocation to local 
CAP measures based on the estimated solar capacity that would result from each measure, is calculated 
using Equation 17. 
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Equat ion 17 Emissions reduct ion f rom increas ing renewable  
supply through PV insta l la t ion ord inance  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,𝑛𝑛 ∗
𝐶𝐶𝑃𝑃𝑃𝑃,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛


 𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,𝑛𝑛
 


Where,  
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = emissions reduction in electricity category through a CAP measure 


(PV installation ordinance) in a given year, in MT CO2e 
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,𝑛𝑛 = emissions reduction of increasing renewable content through behind-


the-meter PV systems in a given year, in MT CO2e (Equation 11) 
𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,𝑛𝑛 = estimated capacity of the behind-the-meter PV systems in a 


jurisdiction in a given year, in MW (dc) 
𝐶𝐶𝑃𝑃𝑃𝑃,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = estimated capacity of the behind-the-meter PV systems in a 


jurisdiction in a given year, as a result of a CAP measure, in MW (dc) 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


Using the example already provided in Equation 12, the emissions reduction from all PV providing 
renewable electricity (0.57 MMT CO2e, ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,2035) is the result of both State solar programs and 
local CAP measures. The local CAP requirements would result in 100 MW PV installation in the 
jurisdiction, while the estimated 2035 jurisdiction-wide PV capacity would be 900 MW. Figure 18 below 
shows the allocation of emissions reduction to the local CAP measure based on the capacity. 


Equat ion 18 Example of  emiss ions reduct ion f rom increas ing  
renewable supply through PV ins tal lat ion ord inance  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃 𝑐𝑐𝑐𝑐𝑜𝑜𝑒𝑒𝑛𝑛𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐,2035 =  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑃𝑃𝑃𝑃,2035 ∗ �
𝐶𝐶𝑃𝑃𝑃𝑃,𝑃𝑃𝑃𝑃 𝑐𝑐𝑐𝑐𝑜𝑜𝑒𝑒𝑛𝑛𝑛𝑛𝑐𝑐𝑐𝑐,2035


 𝐶𝐶𝑃𝑃𝑃𝑃,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,2035
� = 0.57 ∗ �


100 𝑀𝑀𝑀𝑀
 900 𝑀𝑀𝑀𝑀


�


= 0.07 𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝑂𝑂2𝑒𝑒 


5.5.2 Increase building efficiency 
Increasing residential and commercial building efficiency reduces building energy use and, therefore, as 
long as supply is fossil-fuel based, also reduces GHG emissions. In general, the emissions reductions 
from building efficiency are calculated by multiplying energy reduction and the emission factor of the 
associated type of energy. The energy reduction amount depends on the measures, while the emission 
factors used are either the weighted average electricity emission factor (𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛) or the fixed natural 
gas emission factor (𝐸𝐸𝐸𝐸𝑁𝑁𝑆𝑆,𝑛𝑛). 


The approach for calculating GHG emissions reductions from State regulations and local CAP measures 
that increase building efficiency are described in the following sections. 


California regulations to increase building efficiency 
California has a range of statewide policies and programs to reduce energy use, such as building codes 
and standards, appliance standards, utility efficiency programs and other incentives, and rate structures. 
These programs help to reduce energy use in local jurisdictions and are accounted for as State measures 
in a CAP. 


California energy efficiency programs – energy efficiency targets for IOUs 
Since 2004, CPUC has adopted energy efficiency program portfolio performance targets for IOUs. CPUC 
adopts annual and 10-year cumulative goals for electricity and natural gas savings and allows the IOUs to 
develop their own programs and portfolios to achieve these goals. The most recent study, Energy 
Efficiency Potential and Goals Study for 2018 and Beyond, evaluates the energy efficiency potential from 
2018 to 2030 during the post-2017 energy efficiency rolling portfolio planning cycle (CPUC, 2017). The 
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study separates the overall energy efficiency goals into two categories: (1) rebate programs including 
behavior programs, and (2) net codes and standards that can be claimed by IOUs above and beyond 
what can be expected from statewide appliance and building standards.  


SDG&E administers energy efficiency programs in the San Diego region. The total potential energy 
savings in the San Diego region (SDG&E service territory) can be allocated to each jurisdiction based on 
the proportion of a local jurisdiction’s gross generation compared to the total for the SDG&E service 
territory. Jurisdictions may include building efficiency measures in the CAP, such as energy conservation 
ordinances and implementing efficiency retrofits at municipal facilities, which are likely to be associated 
with a State energy efficiency program. For example, local homeowners might perform energy audits for a 
major renovation under the requirement of the local residential energy conservation ordinance and use 
incentives from SDG&E’s energy efficiency programs for the retrofit. To avoid double-counting, the 
energy and emissions reduction from any potential local building efficiency CAP measures that may 
overlap with State energy efficiency programs are subtracted in calculating the impact of the State 
programs.  


The emissions reductions from reducing energy use (electricity and natural gas) under the State energy 
efficiency programs are estimated using Equation 19 for electricity savings and Equation 20 for natural 
gas savings. 


Equat ion 19 Elec tr ic i t y emiss ions reduct ion f rom  
Cal i forn ia energy ef f ic iency programs  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐵𝐵𝐸𝐸−𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 = 
∆ 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝐵𝐵𝐸𝐸−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒,𝑛𝑛 ∗  𝑃𝑃𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒 ∗ 𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 ∗ 0.000453 −  ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐵𝐵𝐸𝐸−𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,𝑛𝑛  
Where  
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐵𝐵𝐸𝐸−𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 = total emissions reduction from State energy efficiency program for a 


jurisdiction in a given year, in MT CO2e 
∆ 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝐵𝐵𝐸𝐸−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒,𝑛𝑛 = annual electricity savings from State energy efficiency program in the 


SDG&E service area in a given year compared with CAP baseline year, in 
MWh 


𝑃𝑃𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒 = ratio of the gross generation (or net energy for load) of a jurisdiction to that 
of SDG&E service area, in CAP baseline year or average of most recent 
years 


𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 = emission factor for the electricity (gross generation) in a jurisdiction in a 
given year, in lbs. CO2e per MWh 


∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐵𝐵𝐸𝐸−𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,𝑛𝑛 = total emissions reduction from CAP local building efficiency measures in a 
given year, in MT CO2e 


0.000453 = conversion factor, MT CO2e in alb. 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
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Equat ion 20 Natura l gas emissions reduct ion f rom  
Cal i forn ia energy ef f ic iency programs  


 ∆ 𝐸𝐸𝑁𝑁𝑆𝑆 ,𝐵𝐵𝐸𝐸−𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 =  ∆ 𝑁𝑁𝑁𝑁𝐵𝐵𝐸𝐸−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒,𝑛𝑛 ∗ 𝑃𝑃𝑁𝑁𝑆𝑆,𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒 ∗  𝐸𝐸𝐸𝐸𝑁𝑁𝑆𝑆,𝑛𝑛 − ∆ 𝐸𝐸𝑁𝑁𝑆𝑆 ,𝐵𝐵𝐸𝐸−𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,𝑛𝑛  
Where  
∆ 𝐸𝐸𝑁𝑁𝑆𝑆,𝐵𝐵𝐸𝐸−𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 = total emissions reduction from State energy efficiency programs for a 


jurisdiction in a given year, in MT CO2e 
∆ 𝑁𝑁𝑁𝑁𝐵𝐵𝐸𝐸−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒,𝑛𝑛 = annual natural gas savings from State energy efficiency programs in the 


SDG&E service area in a given year comparing with CAP baseline year, in 
therms 


𝑃𝑃𝑁𝑁𝑆𝑆 ,𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒 = ratio of the natural gas use of a jurisdiction to that of SDG&E service area, in 
CAP baseline year or average of most recent years 


𝐸𝐸𝐸𝐸𝑁𝑁𝑆𝑆,𝑛𝑛 = emission factor of natural gas in a jurisdiction in a given year, in MT per 
therm 


∆ 𝐸𝐸𝑁𝑁𝑆𝑆,𝐵𝐵𝐸𝐸−𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒,𝑛𝑛 = total emissions reduction from CAP local building efficiency measures in a 
given year, in MT CO2e 


  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


To make sure the proportionate energy savings from the SDG&E service area to local jurisdictions are 
within a reasonable range of the actual energy savings from these programs, they can be compared with 
the actual energy efficiency savings in the jurisdiction from the SDG&E programs for the years when data 
are available. By request, SDG&E may provide the number of participants, estimated demand (kW), 
energy savings (kWh and therms), and the incentives in a jurisdiction expected through its energy 
efficiency programs. This allows for a valuable comparison to assess the energy savings allocated to 
local jurisdictions but is not used to determine future distribution of total energy efficiency savings among 
jurisdictions. 


The data needs for calculating emissions reduction of State energy efficiency programs are given in 
Table 7. 


Table 7 Data/ information needs table for  emissions reduct ion  
ca lculat ion – Cal i forn ia energy ef f ic iency program  


Data/Information Needs Data Timeframe Data Source 


Jurisdiction’s net energy for load or gross 
generation, and natural gas use 
𝑃𝑃𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒, 𝑃𝑃𝑁𝑁𝑆𝑆 ,𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒 


CAP baseline year 
to most recent year 


From jurisdiction’s 
emissions inventory 


SDG&E service area’s net energy for load or gross 
generation, and natural gas use 
𝑃𝑃𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒, 𝑃𝑃𝑁𝑁𝑆𝑆 ,𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒 


CAP baseline year 
to most recent year 


SDG&E, CEC energy 
demand forecast 
(historical value) 


SDG&E service area annual electricity and natural 
gas saving estimates under the State energy 
efficiency programs 
∆ 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝐵𝐵𝐸𝐸−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒,𝑛𝑛 ,∆ 𝑁𝑁𝑁𝑁𝐵𝐵𝐸𝐸−𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑒𝑒,𝑛𝑛 


CAP horizon years 
CPUC/Navigant Energy 
Efficiency Potential and 
Goals Study 


Actual energy savings from SDG&E energy 
efficiency programs in the jurisdiction 


CAP baseline year 
to recent years SDG&E (by request) 


 
The most recent CEC California Energy Demand 2018-2030 Revised Forecast contains historical values 
up to 2016 for net energy load and gross generation for the SDG&E planning area (CEC, 2018). For the 
CPUC Energy Efficiency Potential and Goals study, the most recent “2018 and beyond” study includes 
the estimates from 2018 to 2030. The energy savings reported in the studies are often cumulative savings 
and need to be converted to annual savings in a CAP horizon year to compare to the CAP baseline year.   
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SB 350: Doubling energy efficiency savings by 2030 
SB 350 (De León, 2015) directs the CEC, by November 1, 2017, to establish an energy efficiency target 
that achieves a statewide cumulative doubling of energy efficiency savings in electricity and natural gas 
final end use by 2030. CEC developed a final Commission report that proposed separate targets for 
electricity and natural gas savings. Once the targets for the SDG&E planning area are formally adopted 
by the CEC, the emissions reductions at local jurisdictions from SB 350 will be incorporated into local 
CAPs and future versions of this Appendix.  


Local CAP measures to increase building efficiency 
All of the currently adopted CAPs in the San Diego region have measures to increase building efficiency, 
in part because local governments have the authority to adopt building ordinances and to update local 
building codes to exceed minimum standards in the State building code. Energy efficiency CAP measures 
could apply to new construction, existing buildings, and residential and/or commercial/industrial buildings. 
Measures include, but are not limited to: 


• Update local building codes for higher energy standards than the State-mandated building standards 
for new construction; 


• Update local building codes to require renewable energy sources (e.g., solar) be used to heat water; 
and 


• Adopt energy conservation ordinances that require building energy disclosure and benchmarking. 


Figure 21 shows three examples of measures in currently adopted CAPs that aim to increase building 
efficiency. 


Figure 21 Example of  CAP measures to increase bui lding ef f ic iency  
(Car lsbad 2015, Escondido 2013, and San Diego 2015)  


 
 
The following are the emission reduction calculations for two typical CAP measures that increase building 
efficiency. 
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Require energy disclosure and benchmarking of existing residential homes 
CAP measures may require energy disclosure and benchmarking of existing homes upon application for 
a permit to remodel or upon resale. Best practices from existing energy disclosure ordinances and 
programs show that after completing energy audits or benchmarking, a percentage of homeowners will 
perform energy retrofits and implement energy efficiency activities. For example, a study on the City of 
Austin’s Energy Conservation Audit and Disclosure program indicates about 12% of residential units that 
complete energy audits will undergo the suggested energy retrofits (City of Austin, 2012).  


By requiring energy disclosure and benchmarking of existing homes, the emissions reduction from 
reducing energy (electricity and natural gas) use can be calculated using Equation 21 for electricity and 
Equation 22 for natural gas. 


Equat ion 21 Elec tr ic i t y emiss ions reduct ion f rom resident ial  energy audi ts  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  �(𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 ∗ 𝑃𝑃𝑐𝑐𝑠𝑠𝑜𝑜𝑒𝑒𝑐𝑐𝑠𝑠−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑒𝑒𝑐𝑐𝑠𝑠 ∗
𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐


∆ 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛) ∗  𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 ∗ 0.000453 


Where  
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐,𝑛𝑛 = total emissions reduction in electricity category from residential energy 


audits in a given year, in MT CO2e 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = number of housing units affected by this measure (completed energy 


audits), after CAP baseline year up to year n 
𝑃𝑃𝑐𝑐𝑠𝑠𝑜𝑜𝑒𝑒𝑐𝑐𝑠𝑠−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑒𝑒𝑐𝑐𝑠𝑠 = % of the units completed audits that perform energy retrofits (depends on 


the jurisdiction; 12% in City of Austin case study) 
∆ 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = average annual electricity saving from energy retrofits, kWh (depends on 


types of energy retrofits; generally 15% of average electricity use at homes) 
[jurisdiction-specific] or energy upgrade program data [regional-specific]) 


𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 = emission factor of the electricity (gross generation) in a jurisdiction in a 
given year, in lbs. CO2e per MWh 


0.000453 = conversion factor, MT CO2e in a lb. 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
unit = including, but not limited to: retrofitted single-family unit, retrofitted multi-


family unit 


Equat ion 22 Natura l gas emissions reduct ion f rom res ident ia l  energy audi ts  


 ∆ 𝐸𝐸𝑁𝑁𝑆𝑆,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  �(𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 ∗ 𝑃𝑃𝑐𝑐𝑠𝑠𝑜𝑜𝑒𝑒𝑐𝑐𝑠𝑠−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑒𝑒𝑐𝑐𝑠𝑠 ∗
𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐


∆ 𝑁𝑁𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛) ∗  𝐸𝐸𝐸𝐸𝑁𝑁𝑆𝑆,𝑛𝑛  


Where  
∆ 𝐸𝐸𝑁𝑁𝑆𝑆,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = total emissions reduction in natural gas category from residential energy 


audits in a given year, in MT CO2e 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = number of housing units affected by this measure (completed energy 


audits) after CAP baseline year up to year n 
𝑃𝑃𝑐𝑐𝑠𝑠𝑜𝑜𝑒𝑒𝑐𝑐𝑠𝑠−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑒𝑒𝑐𝑐𝑠𝑠 = % of the units completed audits that perform energy retrofits (depends on 


the jurisdiction; 12% in City of Austin case study) 
∆ 𝑁𝑁𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = average annual natural gas saving from energy retrofits, therms (depends 


on types of energy retrofits; generally, 15% of average electricity use at 
homes) [jurisdiction-specific] or energy upgrade program data [regional-
specific]) 


𝐸𝐸𝐸𝐸𝑁𝑁𝑆𝑆,𝑛𝑛 = emission factor of the natural gas in a jurisdiction in a given year, in MT 
per therm 


  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
unit = including, but not limited to: retrofitted single-family unit, retrofitted multi-


family unit 
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The data needs for calculating emissions reduction of a typical residential energy disclosure and 
conservation ordinance are given in Table 8.  


Table 8 Data/ information needs table for  emissions reduct ion calculat ion – 
res ident ia l  energy d isc losure and conservat ion ordinance  


Data/Information needs Data timeframe Data source 


Number of housing units or percentage of total 
housing units effected by the energy disclosure and 
conservation ordinance (number of building 
permits, housing units sold) 𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 


CAP baseline year 
to most recent year 


Jurisdiction and other 
agency 


Number of existing housing units by type CAP baseline year Jurisdiction or 
SANDAG 


Energy savings from a typical residential energy 
retrofit 
∆ 𝑁𝑁𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛, ∆ 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 


CAP baseline year 
to most recent year 


Jurisdiction, Center for 
Sustainable Energy 
(CSE), CPUC or CEC 
reports 


Percentage of units that complete audits that 
perform energy retrofits 𝑃𝑃𝑐𝑐𝑠𝑠𝑜𝑜𝑒𝑒𝑐𝑐𝑠𝑠−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑒𝑒𝑐𝑐𝑠𝑠 


n/a Literature and case 
studies 


 
The data input and emissions reduction calculated are given in Table 9 for a sample jurisdiction that 
requires all existing residential units seeking building permits for a remodel to perform energy audits; on 
average, 200 of these permits are issued every year. 


Table 9 Require energy d isclosure and benchmark ing  
of  ex is t ing res ident ia l  example  


Ye
ar


 


Homes 
completing 


energy audits 
after baseline 


year 


Homes 
implementing 


energy 
retrofit after 


baseline year 


Electricity 
reduction per 


home 
(kWh/year) 


Natural gas 
reduction per 


home 
(therms/year) 


Electricity 
emission 
factor (lbs 


CO2e/MWh) 


Natural gas 
emission 


factor (MT 
CO2e/therm) 


emissions 
reduction 


(MT CO2e) 


20
30


 


3,000 360 1,200 60 400 0.0054 195 


 
Requiring solar water heaters in new or existing homes 
Replacing electric and natural gas water heaters with solar water heaters (or other systems with 
renewable energy as the primary energy source) reduces conventional energy use. The method to 
calculate emissions reduction from replacing electric and natural gas water heaters with solar water 
heaters is given in Equation 23 for electricity and Equation 24 for natural gas. 
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Equat ion 23 Emissions reduct ion f rom replac ing e lectr ic   
water  heater  wi th solar water  heater  


 ∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  �(𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 ∗ 𝑃𝑃𝐸𝐸𝑀𝑀𝐸𝐸 ∗
𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐


∆ 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛) ∗  𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 ∗ 0.000453 


Where  
∆ 𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = total emissions reduction in electricity category from replacing electric 


water heaters with solar water heaters in a given year, in MT CO2e 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = number of housing units affected by this measure after CAP baseline year 


up to year n 
𝑃𝑃𝐸𝐸𝑀𝑀𝐸𝐸 = percentage of existing water heaters that are electric water heaters (%), 


40% in general (California DG Statistics, 2017) 
∆ 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = average annual electricity saving by replacing an electric water heater 


with a solar water heater, kWh. 2,849 kWh/heater in single-family homes 
based on 2010-2015 rebates data in San Diego region (California DG 
Statistics, 2017) 


𝐸𝐸𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐,𝑛𝑛 = emission factor of the electricity (gross generation) in a jurisdiction in a 
given year, in lbs. CO2e per MWh 


0.000453 = conversion factor, MT CO2e in a pound 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
unit = including, but not limited to: new single-family unit, new multi-family unit, 


retrofitted single-family unit, retrofitted multi-family unit 


Equat ion 24 Emissions reduct ion f rom replac ing  
natura l  gas water heater wi th solar water heater  


 ∆ 𝐸𝐸𝑁𝑁𝑆𝑆 ,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  �(𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 ∗ 𝑃𝑃𝑁𝑁𝑆𝑆𝑀𝑀𝐸𝐸 ∗
𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐


∆ 𝑁𝑁𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛) ∗  𝐸𝐸𝐸𝐸𝑁𝑁𝑆𝑆,𝑛𝑛  


Where  
∆ 𝐸𝐸𝑁𝑁𝑆𝑆,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = total emissions reduction in natural gas category from replacing natural 


gas water heaters with solar water heaters in a given year, in MT CO2e 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = number of housing units affected by this measure after CAP baseline year 


up to year n 
𝑃𝑃𝑁𝑁𝑆𝑆𝑀𝑀𝐸𝐸 = percentage of existing water heaters that are natural gas water heaters 


(%), 60% in general (California DG Statistics, 2017) 
∆ 𝑁𝑁𝑁𝑁𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = average annual natural gas saving by replacing a natural gas water 


heater with solar water heater, therm. 109 therms/heater in single-family 
homes based on 2010-2015 rebates data in San Diego region (California 
DG Statistics, 2017) 


𝐸𝐸𝐸𝐸𝑁𝑁𝑆𝑆,𝑛𝑛 = emission factor of the natural gas in a jurisdiction in a given year, in MT 
per therm 


  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
unit = including, but not limited to: new single-family unit, new multi-family unit, 


retrofitted single-family unit, retrofitted multi-family unit 
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The data needs for calculating emissions reductions for a measure requiring new homes to install solar 
water heaters are given in Table 10. 


Table 10 Data/ information needs table for  emissions reduct ion  
ca lculat ion – require new homes to ins ta l l  so lar  water heaters  


Data/Information needs Data timeframe Data source 


Number of housing units affected by the measure 
(new housing units, number of building permits 
issued) 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 


CAP baseline year 
to most recent year Jurisdiction 


Projected number of housing units affected by the 
measure every year by type (single-family, multi-
family, etc.) 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 


CAP horizon years Jurisdiction, SANDAG 


Average annual energy savings upon replacing 
electric/natural gas water heater with solar water 
heater 
∆ 𝑁𝑁𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛, ∆ 𝐸𝐸𝑙𝑙𝑒𝑒𝐸𝐸𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 


N/A California DG Statistics 


 
For commercial buildings, the energy used for water heating depends on the building type. For example, 
water heating energy use for office buildings, hotels, and restaurants varies significantly. Instead of using 
energy savings per water heater and the number of water heaters replaced, average energy intensity for 
water heating (kbtu/sq. ft.) for each type of commercial building, the square footage, and whether the 
building was newly built or retrofitted can be substituted in Equation 23 and Equation 24.  


The California Commercial End-Use Survey provides commercial building survey data for water heating 
energy intensity for buildings in the SDG&E service territory; the National Renewable Energy Lab’s 
(NRELs) solar fraction water heating model estimates the contribution of solar energy toward the total 
energy delivered to water tanks (Itron 2006, NREL).  


5.6 Emissions reduction from on-road transportation related measures 


Emissions reductions from on-road transportation related measures generally fall into three categories:  


• Improve vehicle fuel efficiency  


• Reduce VMT 


• Reduce fuel use through improved traffic flow  


The following sections describe the methods and data needs for calculating GHG emissions reductions 
from state regulations and local CAP measures within these categories. 


5.6.1  Improve vehicle fuel efficiency 
This section discusses the general method to estimate GHG reductions from measures that reduce 
tailpipe emissions from vehicles through efficiency standards and increase ZEVs, which includes the 
following calculations: 


• Average vehicle emission factor in San Diego region 


• Emissions reductions from federal and State regulations 


• CAP measures that increase ZEVs   
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Average vehicle emission factor in San Diego region 
As discussed in Technical Appendix I, the CARB Mobile Source Emissions Inventory EMFAC2014 model 
is used to determine the average GHG emission factor for vehicles in the San Diego region. The average 
GHG emission factor for the San Diego region is used for all jurisdictions in the region. The EMFAC2014 
model results include the effect of all key federal and State regulations related to tailpipe emissions 
standards that were adopted before the 2015 model release date. The regulations accounted for in the 
model are: 


• Federal Corporate Average Fuel Economy (CAFE) standards and California Advanced Clean 
Car (ACC) Program for passenger cars and light-duty vehicles. The State’s ACC program includes 
tailpipe emissions standards equivalent to the CAFE standards for vehicle model years 2017-2025, 
and a ZEV program that requires manufacturers to produce increasing numbers of ZEVs and plug-in 
hybrid electric vehicles for model years 2017-2025 (CARB, 2015). 


• U.S. Environmental Protection Agency (EPA)’s Phase I GHG Regulation and CARB 
Tractor-Trailer GHG Regulation for heavy-duty vehicles (heavy-duty trucks, tractors, and buses). 
This regulation includes GHG emission standards for model year 2014-2018 heavy-duty vehicles, and 
CARB’s Tractor-Trailer GHG Regulation includes the aerodynamic and tire improvements 
requirements to reduce GHG emissions from heavy-duty trucks (CARB, 2015). 


The Low Carbon Fuel Standard (LCFS), which requires a reduction of at least 10% in the carbon intensity 
of California’s transportation fuels by 2020, is not included in the EMFAC2014 model; most of the 
emissions reduction benefits come from changes in the production phase of the fuel cycle rather than the 
combustion phase in vehicles. Therefore, the LCFS does not have a significant impact on tailpipe GHG 
emissions reduction (CARB, 2015). In the previous version of the Mobile Source Emissions Inventory 
model, EMFAC2011, the emissions impacts of the LCFS were provided in the model output. 


The average vehicle emission factor for each CAP horizon year is calculated using the method for 
emissions from the on-road transportation category described in Technical Appendix I, and is based on 
both the distribution of VMT in each vehicle class and its emission rate (Equation 25).  
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Equat ion 25 Average vehic le emiss ion factor  ca lculat ion  


 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝑛𝑛 =  � (𝑉𝑉𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑙𝑙𝐷𝐷𝐷𝐷𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠𝑠𝑠,𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑛𝑛 ∗  𝐶𝐶𝑂𝑂2 𝑅𝑅𝑅𝑅𝑁𝑁𝐸𝐸𝑅𝑅𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠𝑠𝑠,𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑛𝑛
𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠𝑠𝑠,𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒


) ∗ 1.01 


Where  
𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝑛𝑛 = average vehicle CO2 emission factor of all vehicle classes and fuel types 


in the San Diego region, in a given year (grams CO2e per mile) 
𝑉𝑉𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑙𝑙𝐷𝐷𝐷𝐷𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠𝑠𝑠,𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒 


= Percentage of total VMT for a given vehicle class with a given fuel, in a 
given year (%) 


𝐶𝐶𝑂𝑂2 𝑅𝑅𝑅𝑅𝑁𝑁𝐸𝐸𝑅𝑅𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠𝑠𝑠,𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒 
= CO2 running exhaust emissions for a given vehicle class with a given fuel, 
in a given year (grams CO2 per mile) 


1.01 = Conversion factor from CO2 to CO2e 
  


𝐶𝐶𝑙𝑙𝐶𝐶𝑙𝑙𝑙𝑙 = EMFAC2011 vehicle class categories, EMFAC2014 Technical 
Documentation Table 6.1 


𝐸𝐸𝐹𝐹𝑒𝑒𝑙𝑙 = Gas, Diesel, Electric 
n = CAP horizon year, from baseline year to CAP horizon end year 
  


Using Equation 25 and EMFAC results, the average vehicle emission factors from 2015-2050 in the 
San Diego region are shown in Figure 22 below. These emission factors include the effect of all federal 
and State regulations related to tailpipe GHG reductions adopted before 2015. 


Figure 22 Average vehic le emiss ion factor  in  San Diego region (2015-2050)  


 
As new and more efficient vehicles replace older vehicles and the number of ZEVs increases, the 
average vehicle emission factor decreases over time. Regulations related to tailpipe GHG emissions 
reductions accounted for in EMFAC2014 apply to new vehicles up to model year 2025, after which the 
decrease in the average vehicle emission factor levels off, as shown in Figure 23. 


Because the average vehicle emission factor decreases over time, CAP measures that reduce VMT yield 
a smaller amount of GHG emissions reductions in later CAP horizon years. 


CARB released the latest model version, EMFAC2017, in March 2018 and is awaiting EPA approval for 
use in transportation conformity analysis. EMFAC2017 includes an updated ZEV sales forecast based on 
a 2017 midterm review of the ACC program and a GHG module that provides GHG emission estimates 
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directly, including CO2, CH4 and N2O, assuming complete combustion of the fuel (all carbon content of 
the fuel is converted to CO2) and CH4 and N2O emission rates based on CARB vehicle testing data. No 
off-model CO2 to CO2e emission factor conversion will be needed once EMFAC2017 is approved. 
EMFAC2017 also incorporates new federal and State regulations related to tailpipe emissions standards 
that were adopted as of December 2017. The additional regulations and policies reflected in EMFAC2017 
include 1) EPA Phase 2 GHG standards for heavy-duty vehicles, and 2) CARB’s Truck and Bus 
Regulation compliance requirement before registration for medium-duty and heavy-duty vehicles through 
SB1. Even through there is no update on the ZEV regulation, EMFAC2017 refined the assumptions and 
inputs for ZEV forecast.  


Federal and State regulations to improve vehicle fuel efficiency 
As discussed in Section 5.6.1.1 above, the EMFAC2014 model accounts for all key federal and State 
regulations related to tailpipe GHG emissions. The emissions reductions due to federal and State 
regulations are the difference between the BAU average vehicle emission factor and the average vehicle 
emission factors from EMFAC (calculated using Equation 25). The reduction is calculated using Equation 
26 below. In previous EMFAC versions, it was possible to calculate the effects of individual federal and 
State regulations. However, because EMFAC2014 provides only the projections of the effects of all 
regulations combined, the emissions reductions due to federal and State regulations are calculated using 
Equation 26. 


Equat ion 26 Emissions reduct ion calculat ion: reducing ta i lp ipe emissions and ZEVs  


 ∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐹𝐹𝐸𝐸,𝑛𝑛 =  𝑉𝑉𝑀𝑀𝑀𝑀𝑛𝑛 ∗  ∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝑛𝑛 ∗ 10−6  
Where,  
∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐹𝐹𝐸𝐸,𝑛𝑛 = total emissions reduction in transportation category from increasing 


vehicle fuel efficiency and ZEVs in a given year, in MT CO2e 
𝑉𝑉𝑀𝑀𝑀𝑀𝑛𝑛 = VMT in a given year, miles per year 
∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝑛𝑛 = difference in average vehicle emission factor in a given year calculated 


using Equation 25 and BAU average GHG emission factor, in grams CO2e 
per mile 


10−6 = conversion factor, MT per gram CO2e 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


Using Equation 26, an example of the emissions reduction calculation is given in below Table 11.  


Table 11 Example of  emiss ions reduct ion f rom increas ing  
ta i lpipe emission s tandards and ZEVs  


Year 
Total VMT 


(miles/year) 
𝑉𝑉𝑀𝑀𝑀𝑀2030 


Average vehicle emission factor (g 
CO2e/mile) Difference in 


average vehicle 
emission factor 
(g CO2e/mile) 
∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,2030 


Emissions 
reduction 


(MT CO2e) 
∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐹𝐹𝐸𝐸,2030 


With no policy 
impact after 


baseline year 
(business-as-


usual) 


With impact 
of adopted 


policies 


2030 545,645,333 406 297 109 59,932 
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Separating the effects of the state’s ZEVS program 
It is possible to estimate the GHG emissions reduction associated with ZEVs. An estimated ZEV 
penetration rate for new passenger cars, based on the goals set for California ZEV program, is included 
in EMFAC2014. EMFAC2014 assumes 2% of all new passenger car sales in 2016 are ZEVs. This 
increases to 15% in 2025 and remains constant for all years after 2025 (CARB, 2015). The ZEV 
penetration rate from 2016-2050 and estimated miles driven by ZEVs as a percentage of total miles are 
given in Figure 23.  


Figure 23 San Diego region ZEVs penetrat ion rate in  
CARB EMFAC2014 Model  (2016-2050)  


 
 
To calculate the effect of the ZEV program in future years, the average vehicle emission factor through all 
horizon years is calculated by keeping the ZEV penetration rate fixed from a chosen baseline year. For 
example, for a CAP baseline year of 2016, the ZEV penetration rate in 2025 would still be 2% (same as 
the baseline year) rather than 15% (that provided by EMFAC2014). The difference between this average 
vehicle emission factor and the EMFAC2014 average vehicle emission factor is due to the impact of the 
State’s ZEV program only. Using the example shown in Table 11, the emissions reductions from 
California’s ZEV program are calculated with Equation 27 and shown in Table 12.   
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Equat ion 27 Emissions reduct ion calculat ion: Cal i forn ia ZEVs program  


 ∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝑐𝑐𝑒𝑒 𝑍𝑍𝐸𝐸𝑃𝑃,𝑛𝑛 =  𝑉𝑉𝑀𝑀𝑀𝑀𝑛𝑛 ∗  ∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝑛𝑛 ∗ 10−6  
Where  
∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝑐𝑐𝑒𝑒 𝑍𝑍𝐸𝐸𝑃𝑃,𝑛𝑛 = total emissions reduction in transportation category from State ZEV program in 


a given year, in MT CO2e 
𝑉𝑉𝑀𝑀𝑀𝑀𝑛𝑛 = VMT in a given year related to a jurisdiction, miles per year 
∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝑛𝑛 = difference in average vehicle emission factor with the impact of State ZEV 


programs and BAU average vehicle emission factor, in grams CO2e per mile 
10−6 = conversion factor, MT per gram CO2e 
  
With  
n = a CAP horizon year, from baseline year to CAP horizon end year 


Table 12 Example of  emiss ions reduct ion f rom Cal i forn ia ZEVs program  


Year 
Total VMT 


(miles/year) 
𝑉𝑉𝑀𝑀𝑀𝑀2030 


Average vehicle emission factor  
(g CO2e/mile) 


Difference in 
average vehicle 
emission factor 
(g CO2e/mile) 
∆ 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,2030 


Emissions reduction 
(MT CO2e) 


∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝑐𝑐𝑒𝑒 𝑍𝑍𝐸𝐸𝑃𝑃,2030 
With no policy impact 


after baseline year 
(business-as-usual) 


With impact 
of State ZEV 


programs 


2030 545,645,333 406 385 21 11,810 
 
The number of new ZEVs, as a result of State ZEV programs, can be calculated using Equation 28 below. 


Equat ion 28 Projec ted number  of  ZEVs travel  to,  f rom, or  with in a jur isd ic t ion  


 𝑍𝑍𝐸𝐸𝑉𝑉𝑛𝑛 =  𝑉𝑉𝑀𝑀𝑀𝑀𝑛𝑛 ∗  𝑃𝑃𝑍𝑍𝐸𝐸𝑃𝑃 𝑃𝑃𝑀𝑀𝑉𝑉−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒 𝑃𝑃𝑀𝑀𝑉𝑉,𝑛𝑛 ∗
𝐷𝐷𝑒𝑒𝑒𝑒𝐶𝐶𝐹𝐹𝑙𝑙𝐷𝐷 𝑍𝑍𝐸𝐸𝑉𝑉𝑛𝑛


𝐷𝐷𝑒𝑒𝑒𝑒𝐶𝐶𝐹𝐹𝑙𝑙𝐷𝐷 𝑍𝑍𝐸𝐸𝑉𝑉 𝑉𝑉𝑀𝑀𝑀𝑀
  


Where  
𝑍𝑍𝐸𝐸𝑉𝑉𝑛𝑛 = projected number of ZEVs that travel to, from, or within a jurisdiction in a 


given year 
𝑉𝑉𝑀𝑀𝑀𝑀𝑛𝑛 = VMT in a given year related to a jurisdiction, miles per year 
𝑃𝑃𝑍𝑍𝐸𝐸𝑃𝑃 𝑃𝑃𝑀𝑀𝑉𝑉−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒 𝑃𝑃𝑀𝑀𝑉𝑉,𝑛𝑛 = ratio of ZEV VMT to total VMT in a given year, EMFAC2014 default value for 


San Diego region, % (Figure 21) 
𝐷𝐷𝑒𝑒𝑒𝑒𝐶𝐶𝐹𝐹𝑙𝑙𝐷𝐷 𝑍𝑍𝐸𝐸𝑉𝑉 𝑉𝑉𝑀𝑀𝑀𝑀𝑛𝑛 = ZEV VMT in a given year, EMFAC2014 default value for San Diego region, 


miles per year 
𝐷𝐷𝑒𝑒𝑒𝑒𝐶𝐶𝐹𝐹𝑙𝑙𝐷𝐷 𝑍𝑍𝐸𝐸𝑉𝑉𝑛𝑛 = projected number of ZEVs in a given year, EMFAC2014 default value for 


San Diego region 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


The number of ZEVs calculated using Equation 28 does not represent the actual number of ZEVs owned 
by residents in the jurisdiction; rather, it is calculated from the miles traveled using ZEVs in a jurisdiction. 
The average daily miles driven by ZEVs (ZEV VMT divided by number of ZEVs in a given year) from 2012 
to 2030 in the San Diego region is obtained from EMFAC2014. This value is 35 miles per vehicle.  


In this Appendix, a conservative approach is taken that limits the maximum emissions reduction related to 
increased ZEVs. Instead of using the level estimated based on the State’s ZEV programs, (i.e., 15% of 
new vehicle sales in 2025 are EVs), this appendix assumes that there will be no more ZEV miles driven 
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locally than what is already in the EMFAC model.4 Therefore, emissions reductions from local ZEV 
measures are subtracted from the total value derived from EMFAC2014 to avoid double-counting. This is 
similar to the approach discussed in the renewable electricity section to limit emissions reductions from 
behind-the-meter PV systems at the level expected from the State’s solar programs (Section 5.5.1.4).  


The emissions reductions allocated to the CAP measures that increase ZEVs are discussed in  
Section 5.6.1.3. 


Local CAP measures to support State goals for ZEVs (alternative fuel vehicles) 
The 2017 Scoping Plan recommends that local government incentivize infrastructure for alternative fuels 
and electric vehicles as one of the actions to reduce GHG emissions (CARB 2017b, p. 97). CAPs in the 
San Diego region include measures to increase ZEVs, especially electric vehicles (EVs). For example, 
local governments can modify municipal codes to alter parking standards to require preferred parking for 
ZEVs and update building codes to require electric vehicle charging stations (EVCS). CAP measures that 
seek to increase ZEVs include, but are not limited to: 


• Adopt building codes to require EVCS installation in new construction projects, 


• Transition to a more efficient municipal fleet and integrate ZEVs into the fleet, and 


• Update parking standards to prioritize ZEV preferred parking spaces. 


Figure 24 shows three examples of measures in currently adopted CAPs that aim to increase ZEVs.5 


Figure 24 Example of  CAP measures to increase ZEVs  
(Car lsbad 2015, Del Mar 2016,  and San Diego 2015)  


 
 
The following are emissions reduction calculation examples for two typical CAP measures that focus on 
increasing ZEVs: 


  


                                                      
 
4  This approach may change if local jurisdiction has aggressive local measures to increases ZEVs beyond the State goal or the new ZEV 


sales assumptions embedded in future EMFAC model changes.  
5  The CAPs and measures referenced here were not calculated based on EMFAC2014. They were calculated based on previous versions of 


EMFAC models, so the approach discussed in this Appendix may differ from the approaches used in the CAPs. 
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Require EVCS’s in new construction 
Local jurisdictions may require new construction projects to make a certain percentage of the parking 
spaces ready to support future EVCS equipment or require EVCS installation at a certain percentage of 
the parking spaces. For the measure to be counted as a local CAP measure, the requirements must be 
more stringent than those in the California Green Building Standards Code (CalGreen Code). The 
mandatory and voluntary measures related to EVs in the most recent version (2016 CalGreen Code) are 
given in Table 13. 


Table 13 2016 Cal i forn ia Green Bui ld ing Standards Code requirement  for  EVCs  


Category CalGreen 2016 mandatory 
measures 


CalGreen 2016 Tier 1 and Tier 2 
voluntary measures 


Residential single-family 
 


EV capable 
(Section 4.106.4.1) 


EV ready 
(Section A.4.106.8.1) 


Residential multi-family 


3% of total number of 
parking spaces (no less 
than one) be EV capable 
(Section 4.106.4.2) 


5% of total number of parking 
spaces (no less than one) be EV 
capable 
(Section A.4.106.8.2) 


Nonresidential 


6% of total number of 
parking spaces (no less 
than one) be EV capable 
(Section 5.106.4.3.1) 


8% (Tier 1) and 10% (Tier 2) of total 
number of parking spaces (no less 
than one) be EV spaces capable 
(Section A5.106.5.3.1 and 
A5.106.5.3.2) 


EV – electric vehicle, EV capable – install raceway to accommodate 40-amp minimum electrical circuit 
for future electric vehicle supply equipment, EV ready - Install 40-amp minimum electrical circuit 
Source: California Building Standards Commission, 2016 


 
Equation 29 is used to calculate the estimated number of EVCS that could result from a CAP measure to 
require EVCS in new construction projects. 


Equat ion 29 Est imate number of  charging s tat ions f rom  
requir ing EVCS ins ta l lat ion at  new construct ions  


 𝐸𝐸𝑉𝑉𝐶𝐶𝐸𝐸𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  �(𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 ∗ 𝑃𝑃𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑠𝑠𝑐𝑐𝑐𝑐𝑝𝑝𝑒𝑒𝑛𝑛𝑐𝑐
𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐


∗ 𝑃𝑃𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑠𝑠𝑐𝑐𝑐𝑐𝑝𝑝𝑒𝑒𝑛𝑛𝑐𝑐−𝐸𝐸𝑃𝑃𝐶𝐶𝑆𝑆) 


Where  
𝐸𝐸𝑉𝑉𝐶𝐶𝐸𝐸𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = number of EVCS in a jurisdiction in a given year, as a result of a CAP 


measure 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = number of housing units or square footage of commercial spaces affected 


by a CAP measure, after CAP baseline year up to year n 
𝑃𝑃𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑠𝑠𝑐𝑐𝑐𝑐𝑝𝑝𝑒𝑒𝑛𝑛𝑐𝑐 = parking requirement for each building type, number of spaces per housing 


unit or number of spaces per commercial square feet. 


𝑃𝑃𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑠𝑠𝑐𝑐𝑐𝑐𝑝𝑝𝑒𝑒𝑛𝑛𝑐𝑐−𝐸𝐸𝑃𝑃𝐶𝐶𝑆𝑆 = % of parking spaces required to have EVCS installation for each building 
type, from the CAP measure 


With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
unit = building type, including, but not limited to: new single-family unit, new 


multi-family unit, new commercial sq. ft. 
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The data needs for calculating the number of charging stations are given in Table 14. 


Table 14 Data/ information needs table for  emissions reduct ion  
ca lculat ion– require EVCS ins tal lat ion at  new construct ions  


Data/information needs Data timeframe Data source 


Number of new housing units each year by type 
(single-family, multi-family, etc.) 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 


CAP horizon years 
Jurisdiction (for recent 
years) or SANDAG (for 
forecast) 


Square footage of new commercial space each year 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 CAP horizon years Jurisdiction 


Parking requirements for each type of housing unit 
and commercial space 
𝑃𝑃𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑠𝑠𝑐𝑐𝑐𝑐𝑝𝑝𝑒𝑒𝑛𝑛𝑐𝑐 


Current Jurisdiction’s municipal 
code parking standard 


 
Using Equation 29, the data inputs and the number of EVCS calculated for a CAP measure that requires 
new residential multi-family units to install EVCS at five percent of parking spaces are given below in 
Table 15.  


Table 15 Requir ing EVCS insta l lat ion at mult i - fami ly units  example  


Year 


Number of new 
multi-family units 


after baseline year 
𝑁𝑁𝑀𝑀𝐹𝐹,2030 


Multi-family 
parking 


requirement 
𝑃𝑃𝑀𝑀𝐹𝐹,𝑠𝑠𝑐𝑐𝑐𝑐𝑝𝑝𝑒𝑒𝑛𝑛𝑐𝑐 


% of parking 
space required 


with EVCS 
𝑃𝑃𝑀𝑀𝐹𝐹 ,𝑠𝑠𝑐𝑐𝑐𝑐𝑝𝑝𝑒𝑒𝑛𝑛𝑐𝑐−𝐸𝐸𝑃𝑃𝐶𝐶𝑆𝑆 


New EVCS 
after baseline 


year 
𝐸𝐸𝑉𝑉𝐶𝐶𝐸𝐸𝑀𝑀𝐹𝐹,2030 


2030 300 2.5 parking 
space per unit 5% 38 


 
The method to estimate emission reductions from this measure assumes that all parking spaces with 
EVCS would only be used for EV parking, and that all miles associated with the vehicles parked at the 
spaces are from new ZEVs. As discussed in Section 5.6.1.2 on the State’s ZEV program, a conservative 
approach is taken to limit the maximum emissions reduction related to ZEVs at the level of emissions 
reduction expected from the State’s ZEV program. The reduction is allocated to each local measure using 
the ratio of new EVs as a result of the local measure and new ZEVs as a result of the State’s ZEV 
program, as show in the Equation 30.  


Equat ion 30 Emissions reduct ion f rom local pol ic ies  to increase ZEVs  


∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  ∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝑐𝑐𝑒𝑒 𝑍𝑍𝐸𝐸𝑃𝑃,𝑛𝑛 ∗
𝑍𝑍𝐸𝐸𝑉𝑉𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐 ,𝑛𝑛


𝑍𝑍𝐸𝐸𝑉𝑉𝑛𝑛
  


Where  
∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = emissions reduction from a CAP measure that increase ZEV in a given 


year, in MT CO2e 
∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝑐𝑐𝑒𝑒 𝑍𝑍𝐸𝐸𝑃𝑃,𝑛𝑛 = total emissions reduction from California ZEV program in a given year, in 


MT CO2e 
𝑍𝑍𝐸𝐸𝑉𝑉𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = projected number of ZEVs in a jurisdiction as a result of a CAP measure, 


in a given year 
𝑍𝑍𝐸𝐸𝑉𝑉𝑛𝑛 = projected number of ZEVs that travel to, from, or within a jurisdiction in a 


given year (from Equation 28) 
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
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Transition to a more efficient municipal fleet 
Local jurisdictions can integrate ZEVs or more fuel-efficient vehicles into their municipal fleet to reduce 
both vehicle fossil fuel use and its associated emissions. The emissions reduction from reducing fossil 
fuel use can be calculated using Equation 31. 


Equat ion 31 Emissions reduct ion f rom trans i t ion to a more ef f ic ient  munic ipal  f leet  


∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  �(∆ 𝑉𝑉𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑛𝑛
𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒


∗  𝐸𝐸𝐸𝐸𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒) ∗ 10−3  


Where  
∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = emissions reduction in transportation category from a CAP measure that 


increases fuel economy in a given year, in MT CO2e 
∆ 𝑉𝑉𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑛𝑛 = fuel reduction of the municipal fleet, in a given year, in gallons 
𝐸𝐸𝐸𝐸𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒  = emission factor of a vehicle fuel, kg CO2e per gallon 
10−3 = conversion factor, MT CO2e per kg 
  
With,  
fuel = fuel type, including, but not limited to: gasoline, diesel, B5 biodiesel, B20 


biodiesel 
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


The CARB statewide GHG inventory documentation index, which is updated annually, provides emission 
factors (in kg per gallon) for gasoline, ethanol, diesel, biodiesel, and renewable diesel. However, the 
emission factors from the index cannot be used directly because they refer to the emissions per unit of 
pure fuel, while the fuel sold is blended. For example, the B5 biodiesel sold on the market contains 5% 
pure biodiesel and 95% diesel, while the “gasoline” sold on the market is a blend of bio-ethanol and 
gasoline (gasoline-ethanol blend). On average from 2010-2014, 10% of California’s gasoline-ethanol 
blend is bio-ethanol (CARB, 2016).  


The fuel types in Equation 31 refer to the fuel types sold on the market. They are the blended fuel not 
pure fuel. Therefore, the emission factor of a pure fuel is converted to reflect the blend sold on the 
market, as shown in Equation 32. 


Equat ion 32 Emission fac tor of  a vehic le fuel  


𝐸𝐸𝐸𝐸𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒 =  � (𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐 𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑆𝑆𝐸𝐸𝑆𝑆 
𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐 𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑆𝑆𝐸𝐸𝑆𝑆


∗ 𝐸𝐸𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐 𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒−𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒 ∗ 𝑁𝑁𝑀𝑀𝑃𝑃𝑆𝑆𝐸𝐸𝑆𝑆) 


Where  
𝐸𝐸𝐸𝐸𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒 = emission factor of a given fuel, kg CO2e per gallon 
𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐 𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑆𝑆𝐸𝐸𝑆𝑆  = emission factor of a given pure fuel, kg of GHG per gallon 
𝐸𝐸𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐 𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒−𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒  = fraction of a pure fuel in a fuel mix, based on California statewide inventory 


technical documentation 
𝑁𝑁𝑀𝑀𝑃𝑃𝑆𝑆𝐸𝐸𝑆𝑆  = Global Warming Potential of a given GHG, unitless 
  
With,  
GHG = CO2, CH4 and N2O 
fuel = fuel type, including, but not limited to: gasoline, diesel, B5 biodiesel, B20 


biodiesel 
pure fuel = pure fuel type in statewide inventory, such as gasoline, diesel, ethanol, 


biodiesel, renewable diesel 
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The data needs for calculating the emissions reduction are given in Table 16. 


Table 16 Data/ information needs table for  emissions reduct ion  
ca lculat ion – trans it ion to a more ef f ic ient munic ipal  f leet  


Data/Information needs Data timeframe Data source 


Municipal fleet fuel 
purchased by fuel type 
𝑉𝑉𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑛𝑛 


CAP baseline year to most 
current years Jurisdiction  


Municipal fleet fuel use 
reduction potential or 
target 
∆ 𝑉𝑉𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑛𝑛 


CAP horizon years Jurisdiction (e.g., fleet vehicle 
replacement plan) 


Emission factor of a fuel 
𝐸𝐸𝐸𝐸𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒  


N/A 
CARB statewide GHG 
inventory documentation 
index 


Fraction of fuel mix 
𝐸𝐸𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐 𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒−𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒  


N/A 
CARB statewide GHG 
inventory documentation 
index 


 
The emission factor for a vehicle fuel can be calculated for recent years, and the average can be used for 
projections in the CAP. For a CAP measure that reduces 5,000 gallons of fleet gasoline use in 2020, the 
data input and emissions reduction calculated are given in Table 17. 


Table 17 Trans it ion to a more ef f ic ient munic ipal  f leet  example  


Year 


Municipal fleet 
gasoline reduction 


(gallons) 
∆ 𝑉𝑉𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,2020 


Average gasoline 
mix 


𝐸𝐸𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐 𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒−𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒  


Emission factor 
of the gasoline 


mix (kg 
CO2e/gallon) 


𝐸𝐸𝐸𝐸𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒  


Emissions reduction 
(MT CO2e) 


∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,2020 


2020 5,000 10% pure ethanol, 
90% gasoline 8.2 41 


5.6.2 Reduce VMT 
The 2017 Scoping Plan indicates that “local governments can develop land use plans with more efficient 
development patterns that bring people and destinations closer together in more mixed-use, compact 
communities that facilitate walking, biking, and use of transit” (CARB 2017b, p. 97). It also includes a 
section titled Potential State-Level Strategies to Advance Sustainable, Equitable Communities and 
Reduce Vehicle Miles of Travel that discusses additional potential strategies the State could pursue to 
help achieve future VMT reduction (CARB, 2017b). Increasing alternative modes of transportation, such 
as public transit, biking, and walking, and increasing land use density, can reduce VMT. Improving 
pedestrian facilities and bicycle lanes and increasing the frequency of transit may support the land use 
plans that encourage mixed-use development. In this Appendix, the VMT reduction focuses on commuter 
VMT, the miles driven by the labor force in the jurisdiction to and from work, even though these measures 
may also reduce non-commuter VMT. 


The State-level strategies to achieve additional VMT reductions are in addition to VMT reductions from 
regional transportation planning, such as SB 375 and the resulting Sustainable Communities Strategies, 
and through CEQA guidelines for project-level transportation impacts analysis.  
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Local CAP measures to reduce VMT 
CAPs in the San Diego region have measures to reduce VMT. The measures include, but are not limited to: 


• Provide incentive programs to employees to reduce commuter VMT 


• Build additional bicycle lanes and improve sidewalks  


• Coordinate with SANDAG, other jurisdictions, and public transit agencies to improve mass transit 
routes and schedules 


Since January 1, 2011, a city or county must, upon substantial updates to the circulation element of the 
General Plan, comply with the requirements of the Complete Streets Act (AB1358, 2008), which requires 
improvements to roadways to accommodate all users rather than just vehicles. Complete streets would 
include pedestrian and bicycle pathway improvements, which are also typical measures in a CAP. 


Figure 25 shows three examples of such measures in currently adopted CAPs.  


Figure 25 Example of  CAP measures to reduce VMT 
(Solana Beach 2017, San Diego 2015, and Vista 2013)  


 
 
The following is the emissions reduction calculation example for a typical CAP measure to reduce VMT. 


Increase commuting by bicycle by increasing bicycle lane miles  
A continuous network of protected bicycle lanes and improved bicycle facilities at transit centers can 
increase commuting by bicycle and reduce peak-hour vehicle trips and the associated VMT. One way to 
increase the share of workers commuting by bicycle is to increase the bicycle lane miles per square mile. 
For example, to increase one bicycle lane mile per square mile, the City of San Diego (approximately 370 
square miles) needs to add 370 miles of new bicycle lanes, while the City of Solana Beach (3.5 square 
miles) needs to add 3.5 miles of new bicycle lanes.  


The emissions reduction from increasing bicycle lane miles can be calculated using Equation 33. 
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Equat ion 33 Emissions reduct ion f rom increas ing b icyc le lane mi les  


∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝑛𝑛 ∗ ∆ 𝑉𝑉𝑀𝑀𝑀𝑀𝑏𝑏𝑒𝑒𝑝𝑝𝑐𝑐 ∗ 𝑃𝑃𝑤𝑤𝑐𝑐𝑐𝑐𝑝𝑝𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ,𝑛𝑛 ∗ (𝑁𝑁𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 ∗ 1%) ∗ 10−6  
Where  
∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = emissions reduction in the transportation category from a CAP measure 


that increases alternative modes in a given year, in MT CO2e 
𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝑛𝑛 = average vehicle emission factor in the San Diego region in a given year, 


grams CO2e per mile 


∆ 𝑉𝑉𝑀𝑀𝑀𝑀𝑏𝑏𝑒𝑒𝑝𝑝𝑐𝑐 = VMT avoided by commuting by bicycle, miles per year, calculated based on 
commuter trips avoided per workday and number of workday per year 


𝑁𝑁𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 = additional bicycle lanes (Class II or better) installed since baseline year up 
to year n, in bicycle lane miles per square mile, calculated based on the 
difference between planned and current bicycle lane miles, and the land area 


𝑃𝑃𝑤𝑤𝑐𝑐𝑐𝑐𝑝𝑝𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 = work force or labor force in the jurisdiction in a given year 
1% = percentage increase in the share of workers commuting by bicycle as a 


result of one additional bicycle lane mile per square mile (Dill and Carr, 2003) 
10−6 = conversion factor, MT CO2e per gram 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


The data needs for calculating the emissions reduction are given in Table 18. 


Table 18 Data/ information needs table for  emissions  
reduct ion calculat ion – increas ing b icyc le lane mi les  


Data/information needs Data timeframe Data source 


Average round-trip distance for bicycle 
commuters 


CAP baseline year 
to most current year 


Jurisdiction, SANDAG, 
literature or case study 


Workforce or labor force  
𝑃𝑃𝑤𝑤𝑐𝑐𝑐𝑐𝑝𝑝𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 CAP horizon years 


Jurisdiction or California 
Employment Development 
Department 


Current bicycle lane miles by bicycle class  
𝑁𝑁𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 


CAP baseline year 
to most current year Jurisdiction  


Planned or funded bicycle lane miles by 
bicycle class  
𝑁𝑁𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 


CAP horizon years Jurisdiction (Bicycle Master 
Plan) 


Land area 
𝑁𝑁𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 CAP horizon years Jurisdiction 
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The data input and emissions reduction calculated for a sample jurisdiction adding three miles of bicycle 
lanes per square mile by 2030 are given below in Table 19. 


Table 19 Increasing b icyc le lane mi les  example  


Year 


Additional bicycle 
lane added since 


baseline year (bicycle 
lane miles per square 


mile) 
𝑁𝑁𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,2030 


Labor force 
𝑃𝑃𝑤𝑤𝑐𝑐𝑐𝑐𝑝𝑝𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ,2030 


Average round-
trip distance for 


bicycle 
commuters 
(miles/day) 


Average 
vehicle 


emission factor 
(g CO2e/mile) 
𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,2030 


Emissions reduction 
(MT CO2e) 


∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,2030 


2030 3 8,000 8 297 36 


5.6.3 Reduce fuel use through improved traffic flow 
Improving traffic flow can reduce traffic delays and congestion, thereby reducing vehicle fuel 
consumption. Two typical examples of measures that local governments can implement to improve traffic 
flow include retiming traffic signals and installing roundabouts at intersections. 


Local CAP measures to reduce fuel use through improved traffic flow  
Improving traffic flow is different from the strategies discussed in previous two sections, such as 
measures that improve vehicle fuel efficiency (Section 5.6.1) or that reduce VMT (Section 5.6.2). This 
strategy does not reduce VMT but improves the efficiency of traffic flow, improves fuel efficiency, and, 
therefore, reduces fuel use. For example, with coordinated traffic signals, vehicles still travel the same 
distance on roads and intersections but without delay or congestion, and the average fuel economy (miles 
per gallon) improves. 


Figure 26 shows three examples of measures in currently adopted CAPs that aim to improve traffic flow. 


Figure 26 Example of  CAP measures to improve traf f ic  f low 
(San Marcos 2013, Nat ional  Ci ty 2011,  and Del  Mar  2016)  
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Retiming traffic signals and installing roundabouts 
The emissions reduction from retiming traffic signals and installing roundabouts can be calculated using 
Equation 34. 


Equat ion 34 Emissions reduct ion f rom ret im ing  
traf f ic  s ignals  or insta l l ing roundabouts  


∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  𝑁𝑁𝑛𝑛 ∗ ∆ 𝑉𝑉𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒 ∗ 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝑛𝑛 ∗ 𝑀𝑀𝑃𝑃𝑁𝑁𝑛𝑛 ∗ 10−6  
Where  
∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = emissions reduction in the transportation category from a CAP measure that 


improves traffic flow (e.g., retime traffic signals or install roundabouts) in a given year, 
in MT CO2e 


𝑁𝑁𝑛𝑛 = additional traffic signals retimed or roundabouts installed since baseline year up to 
year n 


∆ 𝑉𝑉𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑛𝑛 = equivalent fuel savings per intersection with signals retimed or roundabouts 
installed in a given year, gallons per intersection per year 


𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝑛𝑛 = average vehicle emission factor in the San Diego region in a given year, grams 
CO2e per mile 


𝑀𝑀𝑃𝑃𝑁𝑁𝑛𝑛 = fuel economy of an average vehicle in the San Diego region, in a given year, miles 
per gallon 


10−6 = conversion factor, MT CO2e in a gram 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


In Equation 34, the equivalent fuel savings are fewer in later years because vehicles become cleaner and 
more efficient, so the gallons of fuel savings per intersection will decrease over time.  


Even though this example measure is a fuel-saving measure (like the sample measure that obtains fuel 
savings through municipal fleet transition), the reduction calculation methods are different between these 
two types of measures. For the measures focused on vehicle fuel savings, the specific fuel type of the 
vehicles can be identified and emission factor for the specific fuel type can be used for calculation. For 
the measures focused on traffic flow improvements, the fuel type is unknown; therefore, the emission 
reduction is based on the fuel used for an average vehicle in the San Diego region. The EMFAC2014 
model provides estimates of total VMT and total vehicle fuel consumption for the San Diego region. The 
fuel economy of an average vehicle in the San Diego region can be calculated using these two estimates.  


Fuel savings per intersection per day are 54 gallons for small roundabouts (Varhelyi, 2002). However, 
fuel savings per intersection depend on the specific condition of potential sites, such as the traffic volume 
and road condition, so local or regional data should be used if available.  
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The data needs for calculating the emissions reduction are given in Table 20. 


Table 20 Data/ information needs for  measures to  
ret ime traf f ic  s ignals  or ins ta l l  roundabouts  


Data/Information needs Data timeframe Data source 


Estimated total VMT in San Diego region 
𝑀𝑀𝑃𝑃𝑁𝑁𝑛𝑛 CAP horizon years EMFAC2014 default estimate 


Estimated total vehicle fuel consumption in 
San Diego region 
𝑀𝑀𝑃𝑃𝑁𝑁𝑛𝑛 


CAP horizon years EMFAC2014 default estimate 


Planned or funded roundabouts and traffic 
signal retiming projects 
𝑁𝑁𝑛𝑛 


CAP horizon years 
Jurisdiction (capital 
improvement projects or 
circulation element projects) 


Equivalent fuel savings per intersection 
with improved traffic flow 
∆ 𝑉𝑉𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,𝑛𝑛 


n/a Jurisdiction, SANDAG, 
literature or case study 


 
The data input and emissions reduction estimates for a jurisdiction adding two roundabouts by 2030 are 
given below in Table 21. 


Table 21 Ins ta l l  addi t ional roundabouts example  


Year 


Additional 
roundabouts 


installed since 
baseline year  


𝑁𝑁2030 


Fuel savings 
per 


intersection 
(gallons/year) 
∆ 𝑉𝑉𝑟𝑟𝑠𝑠𝑐𝑐𝑒𝑒,2030 


Average vehicle 
fuel economy 
(miles/gallon) 
𝑀𝑀𝑃𝑃𝑁𝑁2030 


Average 
vehicle 


emission factor 
(g CO2e/mile) 
𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,2030 


Emissions reduction 
(MT CO2e) 


∆ 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,2030 


2030 2 19,710 29 297 340 


5.7 Emissions reduction from water-related measures 


In general, emissions from the water category account for less than 3% of a typical community-wide 
inventory, but water conservation and developing reliable local supply options are highly valued, 
particularly in response to California’s recent statewide drought conditions. Many jurisdictions in the 
San Diego region do not manage their own water systems; therefore, collaboration between jurisdictions 
and water agencies is needed to support water-related measures. Emissions reductions from water-
related measures generally fall into two categories: 


• Develop local water supplies and improve water system efficiency 


• Increase water conservation 


The following sections describe the methods and data needs for calculating GHG emissions reductions 
from local CAP measures within these categories. 


5.7.1 Develop local water supply and improve water system efficiency 
As discussed in Technical Appendix I, on average, over 85% of the water used in San Diego may be 
imported by the San Diego County Water Authority (SDCWA), the wholesale water provider for 24 retail 
water agencies. The water is delivered from the State Water Project and the Colorado River. Developing 
local water supplies (e.g., local surface water) may reduce the amount of water needed from more 
energy-intensive, upstream sources. Reducing the energy associated with water used in the region also 
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reduces GHG emissions. Also, improving water system efficiency, such as maintaining water pipeline 
pressure and using energy recovery equipment at water treatment plants, can reduce the energy needed 
to treat and deliver the water locally.  


The section describes local CAP measures to develop the local water supply and improve water system 
efficiency. 


Local CAP measures to develop water supply & improve water system efficiency  
Figure 27 shows three examples of measures in currently adopted CAPs that aim to develop the local 
water supply and improve water system efficiency. 


Figure 27 Example of  CAP measures to develop local  water  supply  
and improve water  sys tem ef f ic iency (Car lsbad 2015,   
Nat ional  Ci ty 2011, and Solana Beach 2017)  


 
 
The following is the emissions reduction calculation for a typical CAP measure that expands a recycled 
water program.  


Recycled water program expansion 
This measure assesses the energy and associated emissions reductions from replacing potable water 
with recycled water. For example, a community park could water its grass and other landscaping with 
recycled water rather than potable water. By expanding use of a recycled water program, this measure 
does not reduce overall water use; rather, it reduces potable water use and the volume of purchases. The 
energy needed to treat and deliver recycled water for landscaping and irrigation purposes is often lower 
than the energy needed to supply, treat, and deliver potable water. These energy savings are the basis 
for the GHG reductions. 


The emissions reductions from a recycled water expansion program can be calculated using Equation 35. 
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Equat ion 35 Emissions reduct ion f rom a recyc led water  expans ion program  


∆ 𝐸𝐸𝑤𝑤𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =   𝑀𝑀𝑅𝑅,𝑛𝑛 ∗ � (∆
𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐


𝐸𝐸𝐸𝐸𝑃𝑃−𝑅𝑅,𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐 ∗ 𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐 ∗  10−3) ∗ 0.000453 


Where  
∆ 𝐸𝐸𝑤𝑤𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = emissions reduction in the water category from a CAP measure in a 


given year, in MT CO2e 
𝑀𝑀𝑅𝑅,𝑛𝑛 = volume of additional recycled water provided to the jurisdiction from the 


expanded program in a given year, in gallons or acre feet 
∆ 𝐸𝐸𝐸𝐸𝑃𝑃−𝑅𝑅,𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐 = the difference between energy intensity of recycled water and potable 


water at a segment of the water cycle (kWh/acre-foot or kWh/gallon) 
𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐 


= electricity emission factor at a segment of the water cycle (lbs 
CO2e/MWh) 


10−3 = conversion factor, kWh in a MWh 
0.000453 = conversion factor, MT CO2e in a pound 
  
  
segment = upstream supply, local conveyance, local treatment, local distribution, 


local recycled water treatment, local recycled water distribution6  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


The data needs for calculating the emissions reduction are given in Table 22. 


Table 22 Data/ information needs for  emissions reduct ion  
ca lculat ion – recyc led water  expans ion program  


Data/Information needs Data timeframe Data source 


Planned or funded additional recycled 
water supply 
𝑀𝑀𝑅𝑅,𝑛𝑛 


CAP horizon years Jurisdiction, water agency and 
recycled water provider 


Tertiary (advanced) water treatment 
energy intensity 
∆ 𝐸𝐸𝐸𝐸𝑃𝑃−𝑅𝑅,𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐 


N/A Water reclamation facility, 
literature or case study 


Recycled water distribution energy 
intensity 
∆ 𝐸𝐸𝐸𝐸𝑃𝑃−𝑅𝑅,𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐 


N/A Water reclamation facility, 
literature or case study 


 
The treatment process for recycled water, called tertiary or advanced water treatment, is one step further 
than the wastewater treatment process. The energy use per unit of recycled water for water treatment 
depends on water quality, treatment technology, and treatment procedure. Data from the specific water 
reclamation facilities that provide the recycled water should be used when available. 


  


                                                      
 
6  A description of water cycle segments is in Technical Appendix I, Section 3.6.3 Water Energy Intensity. 
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The data input and emissions reduction estimates for an example of a jurisdiction expanding its recycled 
water use by 300 acre-foot by 2030, are given below in Table 23. 


Table 23 Recyc led water  expansion program example 


Year 


Additional 
recycled 


water (acre-
foot) 


Treatment + 
distribution 


energy 
intensity for 


recycled 
water 


(kWh/acre-
foot) 


Upstream 
energy 


intensity for 
imported 


water 
(kWh/acre-


foot) 


Treatment + 
distribution 


energy 
intensity for 


imported 
water 


(kWh/acre-
foot) 


Electricity 
emission 


factor 
(lbs 


CO2e/MWh) 


Emissions 
reduction 


(MT CO2e) 


2030 300 38 1,816 43 400 98 


5.7.2 Increase water conservation 
This section describes the methods to calculate GHG emissions reductions from local CAP measures that 
reduce water use and the associated energy.  


Local CAP measures to increase water conservation  
Like the local CAP measures to reduce energy use in buildings discussed in Section 5.5.2.2, local 
governments can develop ordinances and update local building codes to increase water efficiency for 
both indoor and outdoor water use, and for both new construction projects and existing buildings.  


Existing CAPs in the San Diego region have measures to increase water conservation. These measures 
include, but are not limited to: 


• Requirements for plumbing fixtures and fittings that are more efficient than State building codes 
mandate  


• Outdoor landscaping ordinances 


• Water use disclosure and benchmarking ordinances 


Figure 28 shows three examples of measures in currently adopted CAPs that aim to increase water 
conservation. 


Figure 28 Example of  CAP measures to increase water  conservat ion 
(San Marcos 2013, San Diego 2015,  and Del  Mar  2016)  
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The following is the emissions reduction calculation for a water conservation and disclosure ordinance. 


Require water disclosure and benchmarking in existing homes 
Water conservation ordinances for existing homes can reduce indoor water use through the replacement 
of old plumbing fixtures and fittings (showers, toilets, showerheads, and faucets) with more efficient  
(low-flow) versions. For example, the City of Berkeley’s Commercial and Residential Conservation 
Ordinances report average indoor water savings of 2% per year for all participating households (City of 
Berkeley, 2011).  


Emissions reductions that result from water disclosure and benchmarking ordinances for existing homes, 
such as water audits upon applying for a building permit for a remodel or upon resale, can be calculated 
using Equation 36. The indoor water reduction only considers the change in potable water use.  


Equat ion 36 Emissions reduct ion f rom water  disc losure ord inances  


 ∆ 𝐸𝐸𝑤𝑤𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛


=  �(𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 ∗ 𝑃𝑃𝑐𝑐𝑠𝑠𝑜𝑜𝑒𝑒𝑐𝑐𝑠𝑠−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑒𝑒𝑐𝑐𝑠𝑠 ∗
𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐


∆ 𝑀𝑀𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛)


∗ � (𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 ∗
𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐,𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐


𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐,𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐 ∗ 𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐,𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐 ∗  10−3) ∗ 0.000453 


Where  
∆ 𝐸𝐸𝑤𝑤𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = emissions reduction in the water category from a CAP measure in a given 


year, in MT CO2e 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = number of housing units affected by this measure (completed audits) after 


CAP baseline year up to year n 
𝑃𝑃𝑐𝑐𝑠𝑠𝑜𝑜𝑒𝑒𝑐𝑐𝑠𝑠−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑒𝑒𝑐𝑐𝑠𝑠 = % of the units that have completed audits that also install water efficiency 


plumbing fixtures and fittings 
∆ 𝑀𝑀𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 = average annual water savings from more efficient plumbing fixtures and 


fittings, gallons  
𝑃𝑃𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐 ,𝑛𝑛 = percent of potable water from each source, n, in a given year (acre-foot or 


gallon) 
𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐,𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐 = energy intensity of a potable water source at a segment of the water cycle 


(kWh/acre foot or kWh/gallon) 
𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐,𝑠𝑠𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑐𝑐 = electricity emission factor of a potable water source at a segment of the 


water cycle (lbs CO2e/MWh) 
10−3 = conversion factor, kWh per MWh 
0.000453 = conversion factor, MT CO2e per pound 
  
With,  
segment = upstream supply, local conveyance, local treatment, local distribution7 
source = SDCWA treated, SDCWA untreated, local surface water, local groundwater 
unit = including but not limited to: retrofitted single-family unit, retrofitted multi-


family unit 
n = year, from baseline year to CAP horizon end year 
  


  


                                                      
 
7  A description of water cycle segments is in Technical Appendix I, Section 3.6.3 Water Energy Intensity. 
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The data needs for calculating emissions reductions for a typical residential water disclosure and 
conservation ordinance are given in Table 24. The data needs are similar to the data needs in Table 8, 
which was for a residential energy disclosure and conservation ordinance.  


Table 24 Data/ information needs table for  emissions reduct ion calculat ion – 
res ident ia l  water  d isc losure and conservat ion ordinance  


Data/Information needs Data timeframe Data source 


Number of housing units or percentage of 
total major renovation building permits by 
type (single-family, multi-family, etc.) 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 


CAP baseline year 
to recent years Jurisdiction 


Number of existing housing units by type 
𝑁𝑁𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 CAP baseline year Jurisdiction or 


SANDAG 


Water savings from a typical home replacing 
water fixtures and fittings 
∆ 𝑀𝑀𝑠𝑠𝑛𝑛𝑒𝑒𝑐𝑐,𝑛𝑛 


CAP baseline year 
to recent years 


Jurisdiction, 
Literature and case 
studies 


Percentage of the units that completed audits 
that replace the water fixtures and fittings 
𝑃𝑃𝑐𝑐𝑠𝑠𝑜𝑜𝑒𝑒𝑐𝑐𝑠𝑠−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑒𝑒𝑐𝑐𝑠𝑠 


N/A Literature and case 
studies 


OR 
Types of “non-compliant” plumbing fixtures 
and fittings  N/A Jurisdiction 


Types of “required” efficient plumbing fixtures 
and fittings N/A Jurisdiction 


 
No specific calculation example is given for this ordinance because the water reduction per home 
depends on what is required in this ordinance. The water reduction from this ordinance can be calculated 
in different ways:  


• Average water savings at a single-family home from replacing fixtures and fittings 


• The water savings from use of specific fixtures and fittings specified in the ordinance  


The historical fixtures and fitting flow rates required by the CalGreen Code from 1980 to 2016 are given in 
Table 25. This can be used to determine “non-compliant” and “required” fixtures and fittings.  


Table 25 W ater f ix tures and f i t t ings f low rates required by Cal i forn ia  
Green Bui ld ing Standards Code (ConSol 2015 and Cal i fornia  
Bui ld ing Standards Commission 2016)  


 1980 1992 2005 2009 2011 2013 2016 


Showerheads (gpm) 2.5 2.5 2.2 2.5 2 2 2 
Toilets (gpf) 3.5 1.6 1.6 1.6 1.28 1.28 1.28 
Faucets (gpm) 2.5 2.5 2.2 2.2 1.8 1.8/1.5 1.8/1.2 
gpm: gallons per minute; gpf: gallons per flush 
Rates for faucets are for kitchen faucets and residential lavatory faucets. All flow rates are the 
CalGreen Code mandatory requirements, not voluntary measures. 
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The California Codes and Standards Research Report California’s Residential Indoor Water Use 2nd 
Edition provides comparisons of the flow rate requirements for water fixtures and fittings across CalGreen 
Code versions and the impact for a standard single-family home (ConSol, 2015). For example, a 1992 
single-family home that replaces all water fixtures and fittings (showerheads, toilets, and faucets) with 
versions that comply with the 2016 standards will reduce annual indoor water use by 34%.  


5.8 Emissions reduction from solid waste-related measures 


Emissions from the solid waste category typically account for approximately 5% of a community-wide 
inventory. Emissions reductions from solid waste-related measures generally come from two categories:  


• Diversion of all waste from landfills 


• Reduction of organic materials in the waste stream 


The following sections describe the methods and data needs for calculating GHG emissions reductions 
from local CAP measures within these categories. 


5.8.1 Divert waste from landfills 
Diverting solid waste from landfills through waste source reduction efforts, recycling, and composting 
reduces the amount of waste disposed at landfills. Currently, the State has a policy goal to reduce waste 
generation (AB 341), and some local jurisdictions in the San Diego region also have zero waste plans and 
solid waste recycling programs to increase their waste diversion rate.  


California regulations to divert waste from landfills 
AB 341, passed in 2011, established a policy goal for California to reduce, recycle, or compost no less 
than 75% of waste generated in the State by 2020 (CalRecycle). It also requires jurisdictions to 
implement commercial solid waste recycling programs, and to achieve the 50% solid waste diversion rate 
requirements (SB 1016). Since AB 341 is a statewide policy goal to increase waste diversion, the 75% 
diversion requirement does not apply to each jurisdiction. Therefore, the impact of AB 341 is not included 
here. Local jurisdictions with higher than 50% solid diversion rate goals are counted as local polices to 
increase diversion rate.  


Local CAP measures to divert waste from landfills 
CAPs in the San Diego region have measures to reduce the amount of solid waste disposed at landfills. 
The measures include, but are not limited to: 


• Develop Zero Waste Plans8 


• Expand and mandate waste recycling programs for businesses and residents of multi-family dwellings 


• Develop construction and demolition waste diversion ordinances 


Figure 29 shows three examples of these measures in currently adopted CAPs.  


  


                                                      
 
8  The United States Conference of Mayors (2015) adopts a definition of Zero Waste and a set of Zero Waste Principles that recognizes a 


hierarchy of material management (extend producer responsibility, reduce, repair, recycle, compost, down cycle and beneficial reuse, waste-
based energy as disposal and landfill waste as disposal). Different jurisdictions in the regional have different “zero waste” goal in their plans. 
For example, the City of Oceanside’s Zero Waste Strategy Resource Management Plan, adopted in 2010, has the goal to achieve 75% 
waste diversion by 2020. The City of San Diego’s Zero Waste Plan, adopted in 2015, and has targeted 75% diversion by 2020, 90% by 
2035 and “zero” by 2050. 
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F igure 29 Example of  CAP measures to reduce landf i l l  waste  
d isposal  (Vista 2012, San Marcos 2013, and San Diego 2015)  


 
 
The following is the emissions reduction calculation for a typical CAP measure that increases the waste 
diversion rate. 


Develop zero waste plan to increase solid waste diversion 
Different types of waste have different CH4 emission factors. For example, one MT of food waste 
produces more CH4 than one MT of newspapers. Therefore, diverting one MT of food waste will reduce 
emissions more than the same quantity of newspapers. The method described here uses the average 
emission factor for typical mixed solid waste.  


The reduction from increasing diversion rates is estimated using a top-down approach that compares the 
level of emissions in the waste category that would result from the diversion rate target and the BAU 
level. The reductions from other categories discussed in earlier sections use a bottom-up approach that 
only depend on the impact of program activities and do not depend on the BAU level of emissions. 
Achieving a 75% citywide waste diversion goal would result in different amount of emissions reductions 
depending on the size of the jurisdiction, and, therefore, the waste stream.  


The waste reduction from this goal can be calculated in different ways: 


• Based a target total waste disposal or per capita waste disposal amount, or 


• Based on a target waste diversion rate 


If a target waste reduction rate is used, it needs to be converted to an equivalent per capita disposal. The 
conversion is based on the method set by SB 1016 to determine the “50% per capita disposal target,” the 
per capita disposal equivalent to a 50% diversion rate for each jurisdiction. The “50% per capita disposal 
target” is calculated using the average of 50% of generation in 2003 through 2006 (CalRecycle, 2012). 
Each jurisdiction has a different per capita disposal that is equivalent to a 50% diversion rate. For 
example, the 50% diversion rate is 8.9 pounds per person per day (PPD) in San Marcos and four PPD in 
Imperial Beach.  


Using this conversion method, the waste reduction is calculated using Equation 37 below. 
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Equat ion 37 Sol id waste reduct ion calculat ion  


∆ 𝐸𝐸𝑀𝑀𝑛𝑛 =  𝐸𝐸𝑀𝑀𝐵𝐵𝐶𝐶𝐵𝐵,𝑛𝑛 − (2 ∗ 𝑃𝑃𝑃𝑃𝐷𝐷50%) ∗ �1 − 𝐷𝐷𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛� ∗  𝑃𝑃𝑛𝑛 ∗ 2,000 ∗ 365 
Where,  
∆ 𝐸𝐸𝑀𝑀𝑛𝑛 = mixed solid waste diverted (reduced) from landfill in a given year, in short 


tons 
𝐸𝐸𝑀𝑀𝐵𝐵𝐶𝐶𝐵𝐵,𝑛𝑛 = BAU mixed solid waste disposal by a jurisdiction projected for a given year, in 


short tons 
𝑃𝑃𝑃𝑃𝐷𝐷50% = PPD equivalent to 50% diversion rate 
𝐷𝐷𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 = waste diversion rate targeted for a given year in the CAP measure, in % 
𝑃𝑃𝑛𝑛 = projected population in a given year 
2 = conversion factor, converting waste disposal (with 50% diversion rate) to 


waste generation 
2,000 = conversion factor, lbs. in a ton 
365 = conversion factor, days in a year 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


Using the waste reduction amount, the emissions reduction from increasing the solid waste diversion rate 
can be calculated using Equation 38. 


Equat ion 38 Emissions reduct ion f rom increased sol id waste d ivers ion rate  


∆ 𝐸𝐸𝑤𝑤𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  ∆ 𝐸𝐸𝑀𝑀𝑛𝑛 ∗ 𝐸𝐸𝐸𝐸𝑚𝑚𝑠𝑠𝑤𝑤 ∗ (1 − 0.75) ∗ (1 − 0.1) 
Where  
∆ 𝐸𝐸𝑤𝑤𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐 ,𝑛𝑛 = emissions reduction in the waste category from a CAP measure in a given 


year, in MT CO2e 
∆ 𝐸𝐸𝑀𝑀𝑛𝑛 = mixed solid waste diverted (reduced) from landfill in a given year, in short ton 
𝐸𝐸𝐸𝐸𝑚𝑚𝑠𝑠𝑤𝑤 = mixed waste emission factor, in MT CO2e/short ton9  
0.75 = default landfill gas capture rate, U.S. Community Protocol 
0.1 = default oxidation rate, U.S. Community Protocol 
  
With,  
n = a CAP horizon year, from baseline year to CAP horizon end year 
  


The data needs for calculating the emissions reduction are given in Table 26. 


Table 26 Data/ information needs table for  emissions  
reduct ion calculat ion – increase sol id waste d ivers ion  


Data/information needs Data timeframe Data source 


Projected/target waste diversion rate 𝐷𝐷𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 CAP horizon years Jurisdiction 
OR 


Current total or per capita waste disposal 𝐸𝐸𝑀𝑀𝐵𝐵𝐶𝐶𝐵𝐵,𝑛𝑛 CAP baseline year to 
most recent year 


Jurisdiction or 
CalRecycle 


Projected/target waste disposal 𝐸𝐸𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑛𝑛 CAP horizon years Jurisdiction 
 
  


                                                      
 
9  Described in Technical Appendix I, Section 3.8.2 Solid Waste Emission Factor. 
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The data inputs and emissions reductions calculated for a jurisdiction targeting an 80% waste diversion 
rate from landfills by 2030 are given below in Table 27. 


Table 27 Increase sol id waste d ivers ion program example 


Year 
Diversion rate 


in baseline 
year 


Targeted 
diversion rate 
𝐷𝐷𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,2030 


Projected 
BAU waste 


disposal 
(tons) 


𝐸𝐸𝑀𝑀𝐵𝐵𝐶𝐶𝐵𝐵,2030 


Projected 
population 
𝑃𝑃2030 


Per capita 
disposal 


equivalent to 
50% diversion 


rate  
𝑃𝑃𝑃𝑃𝐷𝐷50% 


Emissions 
reduction 


(MT CO2e) 
∆ 𝐸𝐸𝑤𝑤𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐,𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑠𝑠𝑠𝑠  


2030 60% 80% 50,000 60,000 8 5,049 
 
As jurisdictions in the San Diego region include different reduction or diversion targets by customer class 
(single-family residential, multi-family residential, commercial, etc.), this section will expand to include the 
data needs, assumptions, and extended methods for new measures.  


5.8.2 Reducing organics in the waste stream 
California regulations to reduce organic waste 
AB 1826, signed by Governor Brown in 2014, requires businesses to recycle their organic waste starting 
April 1, 2016, depending on the amount of waste they generate per week. Organic waste includes food 
waste, green waste, and landscaping and pruning waste.  


Jurisdictions are required to provide information to CalRecycle on the organic waste recycling program 
implementation status by August 2018 (CalRecycle, 2017). Because the effectiveness of reducing organic 
waste from AB 1826 is currently unknown, the calculation method to estimate emissions is not currently 
provided here but could be included in future iterations of this Appendix.  


5.9 Emissions reduction from other CAP measures 


Other CAP measures that reduce or offset overall emissions and increase climate resiliency include:  


• Increase carbon sequestration through conserved open space and natural lands 


• Increase carbon sequestration through increased urban tree canopy cover 


• Reduce heat island effects through rooftop gardens 


5.9.1 Increase carbon sequestration and climate resilience  
Increasing urban tree canopy cover and preserving natural land reduces the concentration of CO2 in the 
atmosphere and improves air quality. Increasing shaded streets with trees can reduce the temperature in 
urban areas and may lead to reduced energy needs for cooling.  


Figure 30 shows three examples of measures in currently adopted CAPs that aim to increase carbon 
sequestration.   
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F igure 30 Example of  CAP measures to increase carbon sequestrat ion and c l imate 
res i l iency (Vis ta 2012,  Nat ional City 2011, and San Diego 2015)  


 
 
The following is the emissions reduction calculation for a typical CAP measure that increases carbon 
sequestration by increasing urban tree planting. 


Increase urban tree planting 
The CO2 sequestration rate of trees (CO2 per tree per year) depends on the tree species, climate zone, 
planting location, age of the tree when planted, and other factors. The Center for Urban Forest Research 
(CUFR) Tree Carbon Calculator, developed by the U.S Forest Service, provides data on CO2 
sequestration rates for a variety of tree species. If tree information is unknown at the time of CAP 
development, the average (0.035 MT CO2 per tree per year) or species-specific CO2 sequestration rate of 
trees from the California Emissions Estimator Model (CalEEMod) (2016) is used. The emissions reduction 
from increased urban tree canopy planting can be calculated using Equation 39. 


Equat ion 39 Emissions reduct ion f rom increased urban tree p lant ing 


∆ 𝐸𝐸 𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 =  � (
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠 


𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠 ,𝑛𝑛 ∗ 𝐶𝐶𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠) 


Where,  
∆ 𝐸𝐸𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 = emissions reduction from a CAP measure in a given year, in MT CO2e 
𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠,𝑛𝑛 = number of new trees planted from baseline year to a given year for each of 


tree species 
𝐶𝐶𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠 = carbon sequestration rate of each of tree species 
  
With,  
tree species = type of new trees planted 
n = a CAP horizon year, from baseline year to CAP horizon end year 
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The data needs for calculating the emissions reduction are given in Table 28. 


Table 28 Data/ information needs table for  emissions  
reduct ion calculat ion – increase urban t ree p lant ing 


Data/Information needs Data timeframe Data source 


Planned number of new trees 
planted 
 𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠,𝑛𝑛 


CAP horizon years Jurisdiction  


Carbon sequestration rate of an 
average or species-specific tree 
𝐶𝐶𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠 


N/A CalEEMod, literature and 
case studies 


OR 
Potential species, planting locations, 
ages of the new trees N/A Jurisdiction 


Carbon sequestration of the new 
trees based on specific tree 
information 


N/A CUFR Tree Calculator 


 
The data inputs and emissions reductions calculated for a sample jurisdiction planting 200 new trees 
every year are given below in Table 29. 


Table 29 Increase urban tree canopy cover example 


Year 
New trees 
planting 


(trees/year) 


New trees 
planting after 
baseline year 


until 2030 
𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠,2030 


Average tree 
sequestration 


rate (MT CO2 per 
tree per year) 
𝐶𝐶𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐𝑠𝑠 


Emissions 
reduction 


(MT CO2e) 
∆ 𝐸𝐸𝐶𝐶𝐶𝐶𝑃𝑃 𝑚𝑚𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐,𝑛𝑛 


2030 200 3,000 0.035 106 


6. Visualization and presenting results 


The emissions reductions from each measure, strategy, or emissions category can be presented in 
multiple ways to fit different purposes as shown in the following sections.  


6.1 Separate local GHG reductions from federal and State regulations 


The following chart (Figure 31) shows the local GHG emissions reductions separately from the reductions 
associated with federal and State regulations. 
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F igure 31 Visual izat ion and present ing results :  separate the 
ef fects of  federal ,  State and local CAP measures 


 
 
The emission level after the reductions from federal and State regulations (dark blue line in Figure 29) is 
often called the “legislatively-adjusted BAU emissions.” The difference between the “legislatively-adjusted 
BAU emissions” and target emissions (green line in Figure 29) is what the local jurisdictions need to 
reduce through the CAP’s measures to meet the target, often called “the local gap.” This chart provides a 
bigger picture of effects of local actions against the effects of federal and State regulations. It does not 
provide visualization of the reduction impact of each CAP measure.  


6.2 Emissions reduction trend of each 
CAP strategy or measure (wedge chart) 


The following wedge chart (Figure 32) is another example that shows the emissions reduction trend of 
each CAP strategy or each CAP measure. 


Figure 32 Visual izat ion and present ing results :  emissions 
reduct ion trend f rom each CAP strategy 
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Each colored wedge is the reduction amount from each potential CAP strategy. For example, the blue 
wedge at the top of the chart shows the reduction from statewide transportation regulations, and the 
cross-hatched blue wedge below shows the reductions from a local CAP’s transportation strategy. The 
purple wedge shows the remaining emissions after all regulations and CAP measures are applied.  


The wedge chart provides a comparison of the reduction impact from each strategy or measure across 
the CAP horizon years. It is important to note that the order of the wedges is not the implementation 
priority of each strategy. This chart does not mean that in year 2020 no local energy reduction or waste 
and wastewater reduction are needed. The CAP measures need to be implemented in earlier years and 
ramped up to meet future targets.  


6.3 Emissions reduction from CAP strategies in target year (bar chart) 


The following bar chart (Figure 33) is an example that shows the emission reduction from CAP strategies 
in target year 2030.  


Figure 33 Visual izat ion and present ing results :  emissions  
reduct ion f rom CAP st rategies  in  target year  


 
 
The bar chart is equivalent to showing a single year (2030) from the wedge chart discussed in previous 
section. In Figure 34, federal and State regulations make up the majority of emissions reductions; the 
local renewable energy strategy is the top local strategy. This chart shows that with all measures 
implemented, the CAP meets its 2030 target, which is the ultimate goal of the CAP. In contrast to the 
wedge chart, it does not show an emissions reduction trend.  


Similar charts can be developed to see the impact of each strategy for different target years. For 
example, a local renewable energy program may take multiple years to launch and show little to no 
impact in target year 2020, but may have a larger impact in target year 2030 when it is fully implemented. 
Charts can also be developed to show the emissions reduction from each CAP measure in target years, if 
one or several measures have a significant reduction impact.   
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7. Emerging issues 


As noted above, while there are generally-accepted approaches to estimate GHG reductions for CAP 
measures, there are no accepted protocols. The approaches presented above represent approaches that 
capture many of the issues and considerations with current conditions. There are, however, emerging 
issues that affect the approaches described here. This section summarizes some of the key issues that 
should be considered as methods and approaches for GHG reductions estimates evolve.  


7.1 Marginal emission factor of electricity 


Section 5.5.2 discusses the policies and programs that increase energy efficiency, where the emissions 
reduction is calculated using the weighted average electricity emission factor and the amount of energy 
reduced. While this emission factor considers all sources of electricity supply (metered and behind-the-
meter), it is an annual average that does not represent the changes to the emissions rate that occur 
hourly and daily. The breakdown of electricity by resource type varies differently across hours in a day 
and across days in a year, which affects emission factor calculation. Figure 34 shows the emission factor 
(MT CO2/h) across hours in February 18, 2018 of the electricity serving the California Independent 
System Operator (CAISO)’s load.  


Figure 34 CAISO’s CO2 emission per hour on February 19, 2018 (CAISO, 2018)  


 
 
Because the various resources supply the grid at different times of the day, actual hourly emissions 
reductions from energy conservation measures depend on the type of electricity not supplied as a result 
of the measure. The emissions avoided will depend on how the grid supplier dispatches electricity. For 
example, if a natural gas-fired peaker plant is used during the summer to meet electricity demand, 
avoiding electricity use at peak time reduces emissions from the peaker plant, which is approximately 
1,000–1,200 lb. CO2e/MWh. On the other hand, if electricity is conserved when excess renewables are 
available on the grid, there will be no emissions reduction during that time.   
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The marginal emissions factor would reflect such dispatch differences. Currently, there are different 
methods to estimate the marginal emission factor at different scales based on the literature and studies. 
The following are two examples: 


• Methods to calculate the built margin and operating margin emissions for specific projects – 
Guidelines for Quantifying GHG Reduction from Grid-Connected Electricity Projects, developed by 
the World Resources Institute (WRI) and World Business Council for Sustainable Development 
(WBCSD) in 2007 


• Methods to calculate the non-baseload power plants electricity emission factor for California, 
Balancing Authorities, and sub-regions – Emissions & Generation Resource Integrated Database 
(eGRID), developed by U.S. EPA using power plant’s capacity factor 


Without detailed analysis of the load profile, electric service providers’ power dispatch preferences, or 
information on hourly electricity emission factor, it is difficult to calculate a marginal emission factor. 
Instead, CAPs typically use an annual weighted average emission factor.  


7.2 PV generation and renewable energy credits 


Section 5.5.1 discusses the role of behind-the-meter PV system as a self-serve renewable supply and its 
contribution to jurisdiction-wide total renewable supply. It is assumed all electricity generated from PV 
systems are 100% renewable. However, for a PV system installed through a power purchase agreement 
(PPA), the renewable attributes of the electricity generated from the system depends on how the 
agreement is drawn. A PPA is a financial agreement where a solar company installs and maintains the 
solar system at a customer’s premises and sells the electricity to the customer. Customers with a PPA 
pay little to no upfront and maintenance costs, and the cost for electricity is generally lower than utility’s 
electricity rate. Customers can claim they are purchasing renewable electricity only if they retain the 
Renewable Energy Credits (RECs), which are the renewable attributes of the electricity. If the solar 
company retains the RECs, the customer cannot claim zero emissions from the electricity supplied. 


Currently, it is not clear how many solar customers in the San Diego region operate under PPAs, and, of 
the customers who have PPA, the portion that own the RECs associated with the solar generation. 
Therefore, a certain percent of electricity generation from behind-the-meter PV systems may not be 
considered renewable since the RECs may be retained by the solar company and sold to third parties for 
compliance purposes.  


7.3 Electrification of natural gas load 


The electrification of natural gas load, such as replacing residential natural gas appliances with electric 
appliances, reduces natural gas dependence and the GHG emissions associated with natural gas. 
Coupling the electrification of natural gas load with decarbonizing the electric grid with high renewables 
has a greater emissions reduction benefit. Section 5.5.2.2 discussed one type of electrification of the 
natural gas load by replacing natural gas water heaters with solar water heaters or electric water heaters 
powered by renewable electricity. With the State goal of residential zero net energy (ZNE), SB 350 
mandating a doubling of energy efficiency by 2030, and potential future CAP measures to electrify the 
natural gas load, these emissions reduction impacts could be discussed in a future iteration of this 
Appendix.  


7.4 Impact of transportation network companies on shifting travel patterns 


Transportation network companies (TNCs), such as Uber and Lyft, are the companies that provide 
prearranged transportation services for compensation using an online-enabled application or platform 
(such as smart phone apps) to connect drivers using their personal vehicles with passengers. TNCs have 
started to show an increasing presence on roads in recent years, especially in urban areas and city 
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centers. The San Francisco County Transportation Authority’s (SFCTA) study “TNCs Today – A Profile of 
San Francisco Transportation Network Company Activity,” conducted in 2017, shows that, on a typical 
weekday, TNC trips represent 15% of all vehicle trips within the City of San Francisco and an even larger 
percentage at peak time (SFCTA, 2017). The impact of TNCs on shifting travel patterns in the San Diego 
region is not clear. For example, if people shift from taking public transportation or other non-vehicle 
travel modes to riding with TNCs, a certain penetration of TNCs may decrease vehicle ownership while 
also creating new trips. While the activity level of TNCs at jurisdictions within the San Diego region may 
not be as high as that of San Francisco, further study on the impact of TNCs is needed when projecting 
future travel patterns and VMT, and while developing transportation polices.  


SANDAG in its 2019-2050 Regional Plan will explore emerging technology (e.g., TNCs, autonomous 
vehicles) that could be implemented in the San Diego region. The SANDAG Emerging Technology White 
Paper presents the technological and societal trends that have the potential to change the region’s 
transportation system and provides potential policy considerations (SANDAG, 2018).  


7.5 Using speed bin profile to evaluate traffic calming measures  


Traffic calming measures, such as roundabouts or mini-circles, harmonize traffic flow for improved fuel 
efficiency of the system. Section 5.6.3 discusses two types of traffic calming measures: traffic flow 
improvement through roundabouts and traffic signal retiming. The emissions reduction is calculated 
based on fuel savings per intersection and the average vehicle fuel economy. While this emission 
calculation takes into account all types of vehicles that may pass through the intersection at an average 
speed, in reality, the vehicles pass through the intersections at a very low speed. The vehicle emission 
factor changes at different speed ranges. Figure 35 shows that the emission factors at low speeds  
(<20 mph) are higher than the emission factors at higher speeds.  


Figure 35 2014 vehic le speed and CO2 emiss ion rate  
for  San Diego region only (CARB, EPIC 2017) 


 
 
The current SANDAG Series 13 Travel Demand Model includes analysis on VMT by speed bin (the 
distribution of VMT at each speed range) for each jurisdiction’s in-boundary trips. Once more information 
is available on the speed profile at the locations where the traffic calming measures are implemented, 
more accurate analysis on the emission reductions for the measure can be developed based on both the 
emission rate by speed bin and the speed profile.   
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7.6 Accounting carbon sequestration in natural and working lands 


One of the strategies in the 2017 Scoping Plan is to “develop and implement the Natural and Working 
Plan Implementation Plan to maintain these lands as a net carbon sink and avoid at least 15–20 metric 
tons of GHG emissions by 2030” (CARB 2017b, p.ES-13). Currently, the State agencies including 
California Natural Resources Agencies (CNRA), California Department of Food and Agriculture (CDFA), 
etc., is developing a Natural and Working Lands Climate Change Implementation Plan. The Plan, along 
with a will include an inventory and BAU emissions scenario through 2030, 2050 and 2010 for the natural 
and working land sector and quantify the emissions sequestration impact of land conservation and 
management activities (CARB 2017b).  


While the expected net GHG emissions impact from land conservation and management activities will be 
modeled at the State level, the methodology, approaches and monitoring process may be value at local 
level and are essential to achieve the long-term GHG reduction goals.  


8. Conclusion 


This Appendix II to the SANDAG ReCAP discussed: 


• California’s policy approach for GHG emissions reductions and the role of local CAPs in meeting the 
statewide GHG reduction target; 


• The role of GHG reduction estimation in the climate action planning cycle; 


• The process and considerations when selecting CAP measures; 


• Methods to estimate GHG reduction for typical CAP measures; 


• Ways to visualize and present GHG reductions from CAP measures; and 


• Emerging issues related to estimating GHG reductions. 


This document is for community-wide climate action planning under the ReCAP only and could be 
expanded to include calculations and data collection methods for more CAP measures in future iterations.  
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1. Introduction 


This document is Appendix VI to the SANDAG Regional Climate Action Planning Framework (ReCAP).  
It presents considerations and a framework for monitoring Climate Action Plan (CAP) implementation. 
Section 1 provides the introduction, the purpose of monitoring and reporting, and related State guidance 
for monitoring and reporting. Section 2 deals with considerations that affect CAP monitoring, including 
data availability and the relationship to other plans. Section 3 introduces the framework for monitoring and 
focuses on needs and processes for monitoring various levels of CAP implementation and progress 
toward GHG reduction goals. Section 4 discusses monitoring other aspects of a CAP. Section 5 
discusses methods to present and disseminate the monitoring data and results, and Section 6 provides  
a conclusion. 


Monitoring CAPs is part of the climate action planning process (Figure 1), however, few jurisdictions have 
progressed into this phase. Monitoring uses methods and protocols from GHG inventories and GHG 
reduction measures calculations (see Technical Appendix I: GHG Inventories, Projections, and Climate 
Action Plan Target Selection and Technical Appendix II: GHG Reduction Calculation Methods for CAP 
Measures, respectively). Monitoring also informs future CAP updates. 


Figure 1 Cl imate act ion p lanning process  


 


1.1 Objectives for monitoring and reporting 


• Objectives for monitoring and reporting on CAP implementation may include, but are not limited to:  


• Identify GHG reduction progress overall, categorized by inventory, by emissions inventory category, 
and by reduction measures and actions; 


• Track consistency with the CAP implementation schedule and identify barriers to implementation; 


• Determine if changes are needed to achieve the reduction targets by category and by measure; 


• Provide feedback to local legislative bodies, as well as to stakeholders and the public, on the status of 
implementation of CAP measures and progress towards achieving the goals as described in the CAP; 
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• Report to outside entities, such as the International Council for Local Environmental Initiatives 
(ICLEI), the Carbon Disclosure Project (CDP), etc.; 


• Identify opportunities to collaborate with other monitoring efforts and entities locally, regionally, 
and statewide. 


1.2 Monitoring framework overview 


The monitoring framework described in detail in this appendix considers two main aspects of CAP 
implementation: (1) whether community-wide GHG emissions are on track to meet reduction targets and 
the status and (2) progress in implementing the GHG reduction strategies, measures and actions in the 
CAP. These two aspects are used to inform the levels of monitoring described in Figure 2.  


Figure 2 Levels of  CAP monitor ing 


 


2. Considerations that affect CAP monitoring and reporting 


There are several considerations that play a role in the monitoring and reporting of CAP progress: the 
frequency of monitoring as specified in the CAP; the timing and availability of data; the relationship with 
the General Plan (GP), other planning documents, and/or CEQA monitoring; and staff resources. Each of 
these considerations is discussed below. 
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2.1 Frequency of monitoring 


The baseline data collected and identified in an adopted CAP serves as a baseline for monitoring CAP 
implementation and progress. This data includes the GHG inventory as well as activity data related to 
GHG reduction measures (e.g. number of electric vehicles, solar photovoltaics [PV] installed, etc.). Most 
CAPs identify a monitoring program that includes updating the GHG emissions inventory and providing 
updates on CAP implementation progress through a progress report or other method.  


Table 1 summarizes the frequencies of inventory updates and CAP progress reporting as provided in the 
adopted CAPs in the San Diego region. 


Table 1 Frequency of  monitor ing ident i f ied in CAPs in the San Diego region  


Jurisdiction 
Date of 


recent CAP 
adoption 


Inventory updates Frequency of monitoring and/or  
reporting CAP progress 


Carlsbad Sep-15 Every 3 years after 
2014  
(CAP page 5-15)  


Annual monitoring and reporting of each 
action and performance target progress; 
present to Council at public meeting; CAP 
monitoring and reporting is to be consistent 
with CEQA Guidelines s 15183.5(b)(1)(D) 
and (E) (CAP page 5-14) 


Chula Vista Sep-17 Every 2-3 years as 
part of SANDAG 
Energy Roadmap 
Program  
(CAP page 23)  


Every two years for CAP strategies and 
actions (CAP page 24) in a publicly 
available progress report 


Del Mar Dec-15 Prior to 2020 through 
SANDAG Energy 
Roadmap Program 
schedule  
(CAP page 5-7) 


Track CAP measures and report annually 
(or semi-annually or other intervals) to city 
council (CAP page 5-7) 


Encinitas Jan-18 Every two years from 
2016 as part of 
SANDAG Energy 
Roadmap Program 
schedule  
(CAP page 4-8) 


Annual monitoring and reporting of CAP 
measure progress through a dashboard 
open to the public; present to 
Environmental Commission and city 
council every two years (CAP page 4-8) 


Escondido Dec-13   Use screening tables for every project to 
continuously monitor progress of 
measures; implement a monitoring and 
reporting program; Year 1: progress of cost 
effective and voluntary efforts; 2017 review 
of first and second tier measures’ progress; 
2020 for post 2020 GHG reduction 
planning. Periodic updates to GHG 
emissions reductions (CAP page 7-10) 
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Jurisdiction 
Date of 


recent CAP 
adoption 


Inventory updates Frequency of monitoring and/or  
reporting CAP progress 


La Mesa March-18 Every 2 years  
(CAP page 133) 


Evaluate regularly (unspecified interval, 
CAP page 134) 


National City May-11 Every 3 years  
(CAP page 5-9) 


Continually monitor; review CAP as a 
whole every 3 years (CAP page 5-9) 


San Diego Dec-15 Annual  
(CAP page 42-43) 


Annual to track progress of measures, third 
party verification of voluntary discloure to 
Carbon Disclosure Project, and jobs  
(CAP page 42-43) 


San Marcos Sep-13 Every 5 years (CAP 
page 4-21 to 4-23) 


Annual progress report to city council for 
measure implementation, progress toward 
performance criteria, effectiveness of CAP 
measures, state implementaton of state 
measures, adjustments needed  
(CAP page 4-21 to 4-23)  


Solana Beach May-17 Every 2 years under 
the SANDAG Energy 
Roadmap Program 
schedule 2016, 2018 
etc (CAP page 5-4) 


In Year 1, initial summary of progress, and 
annually thereafter (CAP page 5-4) 


Vista Nov-12 From 2010, update 
inventory every 5 
years and report to 
city council  
(CAP page 4-14) 


Annual for measures and performance 
indicators progress and may be submitted 
to city council with General Plan status 
reports (CAP page 4-14). 


Unincorporated 
County of  
San Diego 


Jan-18 Every two years 
consistent with the 
SANDAG Energy 
Roadmap Program 
schedule  
(CAP page 5-6) 


From 2019, annual monitoring and 
reporting to staff, Sustainability Task Force, 
Board and public of status of CAP 
measures, metrics and progress towards 
targets (CAP page 5-6) 


 


As shown in Table 1, there is a range of frequencies for monitoring and reporting, depending on whether 
it is for inventories and inventory categories, for individual measures within each category, or for 
performance indicators. For inventories, monitoring ranges from annually to every five years; for individual 
CAP measures and performance indicators the range is less, from annually to every three years. In 
addition, some monitoring programs will track actions taken by the jurisdiction to implement measures, 
the timeline for implementation, and barriers to implementation and/or schedule. CAPs may or may not 
provide timelines, but several provide implementation phases or timelines based on short, medium, and 
long-term actions. 


SANDAG, through its Energy Roadmap Program, plans to update GHG inventories and prepare 
monitoring reports every two years for jurisdictions in the San Diego region. Jurisdictions can use the 
inventories and monitoring reports to report on CAP implementation and progress.  
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2.2 Data needs, availability and sources 


2.2.1 Overall GHG emissions and emissions by category 
Another consideration for monitoring progress is the availability and timing of the necessary data. Some 
data are available annually, while some are not, which can affect the monitoring process. Monitoring 
overall GHG emissions and emissions by category requires preparing an updated GHG inventory. 
Table 2 provides a high-level summary of the data needs, sources, retrieval method, and the frequency 
and time of data availability for GHG emissions inventories. More detail on data needs for inventories and 
inventory categories are provided in Technical Appendix I. 


Table 2 Frequency of  data avai lab i l i t y for  inventor ies  and inventory categor ies  


Data needs Data source Data retrieval method Frequency and dates 
of data updates 


Electricity – Activity 


Consumption - 
SDG&E 
bundled customers 


SDG&E Request through SDG&E Privacy 
Greenlight 
https://energydata.sdge.com/showDataAc
cessAndRelease 


March for previous 
calendar year 


Consumption - 
SDG&E Direct 
Access customers 


SDG&E Request through SDG&E Privacy 
Greenlight 
https://energydata.sdge.com/showDataAc
cessAndRelease 


March for previous 
calendar year 


Consumption -  
Self Serve PV 


California 
distributed 
generation 
Statistics 


Web 
https://www.californiasolarstatistics.ca.gov
/data_downloads/ 


Updated quarterly 


Consumption -  
Self Serve Non-PV 


CPUC, CSE Web 
http://energycenter.org/sgip/statistics 
and 
http://energycenter.org/sgip/statistics  


Update frequency 
unknown 


Transmission and 
Distribution Losses 


Fixed T&D loss 
factor, CEC 


Web 
http://www.energy.ca.gov/2011publication
s/CEC-200-2011-009/CEC-200-2011-
009.pdf  


Not applicable 


Electricity – Emission factor 


SDG&E bundled 
factor 


SDG&E 
Electricity 
Procurement - 
CEC Power 
Disclosure Form 


by request Updated annually - 
summer for previous 
calendar year 


 Emission Factors 
for SDG&E 
Electricity 


Web Update frequency 
unknown, last update - 
in 2017 for 2014 data 



http://energycenter.org/sgip/statistics
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Data needs Data source Data retrieval method Frequency and dates 
of data updates 


Procurement - 
EPA eGRID 


https://www.epa.gov/energy/emissions-
generation-resource-integrated-database-
egrid 


 Emission Factor 
for SDG&E 
Market and 
CAISO 
Purchases 


Web 
http://docs.cpuc.ca.gov/PublishedDocs/Pu
blished/G000/M144/K130/144130487.pdf  


Update frequency 
unknown, current 
regulation effective on 
January 2015 


Direct access factor CPUC Decision 
D.14-12-037 


Web 
http://docs.cpuc.ca.gov/PublishedDocs/Pu
blished/G000/M144/K130/144130487.pdf 


Update frequency 
unknown, date of 
issuance December 
2014 


Natural gas – Activity data 


Consumption - 
SDG&E 
bundled customers  


SDG&E Request through SDG&E Privacy 
Greenlight 
https://energydata.sdge.com/showDataAc
cessAndRelease 


March for previous 
calendar year 


Consumption - 
SDG&E Direct 
Access customers 


SDG&E Request through SDG&E Privacy 
Greenlight 
https://energydata.sdge.com/showDataAc
cessAndRelease 


March for previous 
calendar year 


Natural gas – Emission factor 


All customers ARB Statewide 
Inventory 


Web 
https://www.arb.ca.gov/cc/inventory/data/
data.htm 


Updated annually 


Transportation – Activity data 


Weekday Origin-
Destination VMT 
provided, must be 
converted to annual 


SANDAG Request SANDAG updates 
every four years 


Transportation - Emission factor 


Emission rate for 
each vehicle 
category in San 
Diego region 


CARB - EMFAC Web 
https://www.arb.ca.gov/emfac/2014/ 


Update frequency 
unknown, last update - 
2015 


Solid waste – Activity data 


Annual Waste 
Disposal 


CalRecycle Web 
http://www.calrecycle.ca.gov/DataCentral/
Materials.htm 


Updated annually 
usually by Fall 
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Data needs Data source Data retrieval method Frequency and dates 
of data updates 


Solid waste – Emission factor 


Mixed waste 
Emission factor 


EPA WARM 
Model 


Web 
https://www.epa.gov/warm 


Update frequency 
unknown, last update - 
Feb 2016 


Water – Activity data 


Annual water 
supply - surface 
water 


Jurisdiction or 
water district 


Request N/A 


Annual water 
supply - 
groundwater 


Jurisdiction or 
water district 


Request N/A 


Annual water 
supplied - recycled 
water 


Jurisdiction or 
water district 


Request N/A 


Water – Emission factor 


Upstream supply 
and conveyance 
energy Intensity 


California Energy 
Commission 
(CEC) or water 
district 


Web 
http://www.cpuc.ca.gov/general.aspx?id=
4388 


N/A, last update - 
2006 


Upstream supply 
and conveyance 
energy Intensity 


San Diego 
County Water 
Authority 
(SDCWA) OR 
Metropolitan 
Water District 
(MWD) 


Web or request 
https://www.sdcwa.org/urban-water-
management-plan 


Urban Water 
Management Plan 
voluntary energy 
intensity reporting - 
update every 5 years 


Water treatment 
and local 
distribution energy 
Intensity 


City of San Diego 
or water district 


Request Upon request or in 
UWMP, last update - 
2015 UWMP 


Wastewater – Activity data 


Annual wastewater 
generated 


Jurisdiction or 
wastewater 
district 


Request Upon request 


Wastewater – Emission factor 


Wastewater 
treatment plant 
emission factor 


Individual 
wastewater 
treatment 
facilities 


Web or request by individual treatment 
facility 


Upon request or 
annual reported 
emissions for facilities 
under MRR 
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If carried out using the same methodologies, annual emissions estimates for overall inventories and 
inventory categories can be compared and trends established. However, this type of monitoring does not 
indicate which measures within each category yield reductions.  


2.2.2 GHG reduction measures and actions 
CAP GHG reduction measures consist of federal, state and local measures. Local GHG emissions are 
affected by a number of policies and activities across multiple levels of government (e.g., State, regional, 
local), as well as other social, technological, and economic factors. Monitoring performance metrics 
accounts for the combined impact of these factors since it is challenging, and in many cases impossible, 
to separate out the impact of different policies or actions.  


Activity data to monitor GHG reduction strategies, measures or actions can be collected directly (e.g., 
megawatts [MW] of PV systems) from the local jurisdiction, local or State organizations that monitor data, 
or through surveys specifically performed by the jurisdictions for this purpose. The availability of activity 
data is continually evolving; however, the data needs and typical sources for several typical CAP 
measures have been identified as provided in Table 3. The potential data needs identified in Table 3 can 
be used to develop performance metrics.  


Table 3 Potent ia l  monitor ing data needs and  
data sources by typ ical CAP measure 


Measure Data/information needs Data source 
California solar 
programs and policies 


Actual (interconnected) capacity of the 
behind-the-meter PV systems in a jurisdiction  


California Distributed Generation 
(DG) Statistics 


https://www.californiadgstats.ca.gov/ 


 


Annual electricity generation from behind-
the-meter PV systems in the SDG&E 
planning area 


CEC energy demand forecasts 
(includes historical values). The 
2018-2030 forecast including 
historical use is available at 
http://docketpublic.energy.ca.gov/Pu
blicDocuments/17-IEPR-
03/TN222287_20180120T141708_T
he_California_Energy_Demand_201
82030_Revised_Forecast.pdf 


PV installation 
ordinance 


Number of new housing units each year by 
type (single-family, multi-family, etc.) 


Jurisdiction  


Square footage of new commercial space Jurisdiction 


PV system capacity installed due to the 
ordinance 


Jurisdiction 


Effects of CA energy 
efficiency program  


Jurisdiction’s net energy for load or gross 
generation, and natural gas use 


SDG&E 


SDG&E service area’s net energy for load or 
gross generation, and natural gas use 


SDG&E, CEC energy demand 
forecast (includes historical values) 


SDG&E service area annual electricity and 
natural gas saving estimates under the State 
energy efficiency programs 


CPUC California Energy Efficiency 
Statistics http://eestats.cpuc.ca.gov/ 
provides projected savings by utility 
service area.  



http://eestats.cpuc.ca.gov/
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Measure Data/information needs Data source 
Actual energy savings from SDG&E energy 
efficiency programs in the jurisdiction 


SDG&E (by request)  


CPUC: Energy efficiency evaluation 
reports are verified savings but lag 
by several years, at 
http://www.cpuc.ca.gov/General.asp
x?id=6391. The latest energy 
efficiency evaluation reports are for 
2010-2012. 


Residential energy 
disclosure and 
conservation 
ordinance 


Number of housing units or percentage of 
total housing units affected by the energy 
disclosure and conservation ordinance 
(number of building permits, housing units 
sold) 


Jurisdiction; San Diego Association 
of Realtors monthly historical 
reports, at https://www.sdar.com/  


Estimated energy savings from a residential 
energy retrofit 


Jurisdiction 


Number of units that complete audits that 
perform energy retrofits 


Jurisdiction 


Require new homes to 
install solar water 
heaters 


Number of housing units affected by the 
measure (new housing units, number of 
building permits issued) 


Jurisdiction 


Number of housing units affected by the 
measure by type (single-family, multi-family, 
etc.) 


Jurisdiction 


Average annual energy savings upon 
replacing electric/natural gas water heater 
with solar water heater 


California DG Statistics 


Require EV charging 
stations at new 
constructions 


Number of new housing units each year by 
type (single-family, multi-family, etc.) 


Jurisdiction (for recent years)  


Square footage of new commercial space 
each year 


Jurisdiction 


EV charging and EV parking requirements by 
type of housing unit and commercial space 


Jurisdiction’s municipal code parking 
standards; Center for Sustainable 
Energy statistics on EVs and AFVs 


Transition to a more 
efficient municipal fleet 


Amount (eg gallons) of fuel purchased by 
fuel type for municipal fleet 


Jurisdiction  


Number of gasoline, diesel, biofuel, etc. 
vehicles 


 


Number and type of vehicle replaced with 
alternative fuel vehicle 


 


Increase bicycle lane 
miles 


Average round-trip distance for bicycle 
commuters 


Jurisdiction, SANDAG, literature or 
case study 


Workforce or labor force  Jurisdiction or California 
Employment Development 
Department 



http://www.cpuc.ca.gov/General.aspx?id=6391

http://www.cpuc.ca.gov/General.aspx?id=6391
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Measure Data/information needs Data source 
Current bicycle lane miles by bicycle class  Jurisdiction  


Bicycle lane miles constructed by bicycle 
class 


Jurisdiction  


Install traffic lights or 
roundabouts 


Estimated total VMT in San Diego region EMFAC default estimate 


Estimated total vehicle fuel consumption in 
San Diego region 


EMFAC default estimate 


Constructed roundabouts and traffic signal 
retiming projects 


Jurisdiction (capital improvement 
projects or circulation element 
projects) 


Equivalent fuel savings per intersection with 
improved traffic flow 


Jurisdiction, SANDAG, literature or 
case study 


Recycled water 
program 


Constructed additional recycled water supply Jurisdiction, water agency and 
recycled water provider 


Tertiary (advanced) water treatment energy 
intensity 


Water reclamation facility, literature 
or case study 


Recycled water distribution energy intensity Water reclamation facility, literature 
or case study 


Water disclosure and 
conservation 
ordinance 


Number of housing units or percentage of 
total major renovation building permits by 
type (single-family, multi-family, etc.) 


Jurisdiction 


Number of existing housing units by type Jurisdiction  


Water savings from a typical home replacing 
water fixtures and fittings 


Jurisdiction, literature and case 
studies 


Percentage of the units that completed audits 
that replace the water fixtures and fittings 


Jurisdiction 


Types of “non-compliant” plumbing fixtures 
and fittings  


 


Types of “required” efficient plumbing fixtures 
and fittings 


Jurisdiction 


Increase solid waste 
diversion 


Total or per capita waste disposal  


Increase urban tree 
canopy cover 


Number and type of new trees planted Jurisdiction 


Carbon sequestration rate by tree species California Emissions Estimator 
Model (CALEEMOD), literature and 
case studies  


Species, planting locations, ages of the new 
trees 


Jurisdiction 


Carbon sequestration of the new trees based 
on specific tree information 


CUFR Tree Calculator 


 
The availability of data to monitor non-quantifiable or supporting activities, such as educational outreach, 
is primarily in the control of the local jurisdiction. This data should include whether or not the jurisdiction 
has completed the supporting activities committed to in the CAP.   







ReCAP: Technical Appendix VI 


C A P  Mo n i t o r i n g  an d  R e po r t i n g  |  9  


2.3 State guidance on tracking and reporting program results 


Although there are no standardized forms or format for CAP monitoring and reporting, GPs and GP 
updates require a monitoring plan1. The California Office of Planning and Research (OPR) recently 
updated its GP Guidelines (2017), which provide recommended content for annual progress reports for 
GPs2 as well as how to integrate environmental mitigation monitoring into GP annual reporting.3 CEQA 
mitigation monitoring and reporting are administrative regulations that are well established in the CEQA 
guidelines4. Therefore, CAP monitoring may have a relationship to how a jurisdiction monitors and reports 
on the GP. In particular, a CAP is sometimes used to streamline new development project mitigation 
requirements. In this case the mitigation monitoring program for these individual projects may be an 
element of CAP monitoring. 


More on the relationships between GPs, CEQA, and CAP monitoring is provided in Technical Appendix V 
(CEQA and Climate Action Planning) of SANDAG’s ReCAP. 


Guidance on performance monitoring of GHG reduction measures is provided in the monitoring module 
User Guide of the Statewide Energy Efficiency Collaborative’s ClearPath California tool (2014)5. This 
guidance distinguishes between bottom-up and top-down methods, where bottom-up approaches are 
used to monitor individual actions, and GHG inventories on a regular basis are considered top-down 
methods. The Guidance is designed to help identify and record the most useful data to assess the 
effectiveness of actions and measures, and to fill the monitoring data tables in the tool that are needed  
to track: 


• implementation progress (planned, achieved, and gap) by measure and overall; 


• implementation efficacy (expected CO2e reductions, achieved reductions, and gap) by measure and 
overall; 


• indicators 


• cost inputs by measure. 


The monitoring module can be populated through monitoring calculators selected by the user by category 
to produce an implementation details report documenting:  


• the status data such as a category, point of contact, notes 


• implementation progress to compare monitoring records with a CAP measure 


• implementation efficacy for each year, comparing the expected reduction with the achieved reduction 
linked to a specific CAP measure 


• an indicator monitoring report pulled from inventory module records 


• financial impacts of actions 


• GHG impacts achieved. 


As stated in the guide, most of the reports and outputs are based on values input by the user from an 
externally performed evaluation as the tool is not meant to estimate reductions.  


                                                      
1  Government Code Section 65400(b)(1) 
2  State of California General Plan Guidelines 2017, page 258 ff, available at opr.ca.gov. 
3  ibid, page 277. 
4  CEQA Guidelines, Section 15097 California Code of Regulations Mitigation Monitoring or Reporting, CCR Title 14, chapter 3, Article 7. 
5  Draft Monitoring Module, User’s Guide. Detailed Guidance Using SEEC ClearPath California, September 2014. This is one of four guides 


related to the SEEC Clearpath tool. The remaining guides are the Inventory Module User Guide, the Forecast Module User Guide and the 
Planning Module User Guide. 
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2.4 Best practices for local jurisdiction staff 


Monitoring CAP implementation requires coordination from local jurisdiction staff in order to obtain the 
necessary data. Ideally, a CAP administrator (or designated staff person) will guide CAP development 
and implementation; be knowledgeable about the departments and personnel involved in each measure 
of the CAP and the staff associated with monitoring the relevant GP policies, actions, and reduction 
measures; and the consultants associated with CAP and GP updates and monitoring.  


Below are best practices for staff involved in monitoring CAP implementation: 


• Understand what data are needed, why, and when; 


• Provide baseline data for CAP GHG reduction measures. 


• Develop an internal process to collect data at regular intervals. To ensure continuity of data collection 
and management across departments and over time, the local jurisdiction can establish procedures 
for data collection and management with responsibilities for each department and staff position, 
rather than an individual staff member. Data collection and management can be institutionalized and 
become a regular part of normal operations. Establishing a formal data collection process for the CAP 
can be based on the frequency of data availability. Permit tracking systems may be customized to 
provide information relevant to CAPs. 


• Identify the local contacts who have the data for the water, wastewater, and solid waste emissions 
inventory categories. 


• Ensure secure storage and data access for jurisdiction staff or consultants as required. Proof of 
secure storage is required for SDG&E data due to privacy requirements, and non-disclosure 
agreements are also required between consultant-utility, jurisdiction-utility, or both. Establishing a 
process for the provision of the data, including to which authorized person or persons the data should 
be provided, where the data is physically stored (in terms of which computers and servers), how the 
data is stored (encryption), and password access are all current practices in secure data 
management. 


• Estimate cost and staffing for implementation and monitoring of the CAP to understand resource 
needs (see Technical Appendix IV, CAP Implementation Cost Analysis). 


3. CAP monitoring framework 


The CAP monitoring framework has several levels; each level provides a different perspective on CAP 
progress and may be prepared at varying intervals during CAP implementation based on the 
considerations described in the previous section. The levels include: monitoring overall emissions, GHG 
emissions by category, monitoring activity associated with each measure or action, the emission 
reductions associated with the measure or action, and the status of non-quantifiable measures. The 
monitoring framework allows both a high-level evaluation of overall targets and sufficient detail to 
evaluate measures and actions to help determine what activities are working well and what changes 
might be needed to improve CAP implementation. Figure 8 summarizes the monitoring framework, and 
the following sections describe each level in more detail.   
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F igure 3 CAP monitor ing f ramework 


 


3.1 Monitoring total GHG emissions 


Evaluating total GHG emissions answers two questions in the monitoring and evaluation process: (1) did 
total emissions increase or decrease; and (2) are total emissions on track to meet adopted CAP targets?  


This level of analysis is insufficient to provide insight into the factors that contribute to changes in 
emissions levels. Analyzing each category of emissions can provide an additional layer of detail. Many 
CAPs also track GHG emissions from government operations, which this appendix does not address. 


How often to monitor total emissions and conduct an inventory varies, as shown in Table 1. The State 
produces an annual inventory with a lag of 2-3 years. That is, the 2016 inventory will likely be available 
earliest in 2018. SANDAG produces a regional inventory every four years as part of the Regional 
Transportation Plan update. The last regional inventory was for the year 2012 and the next regional 
inventory will be produced in 2018 for the year 2016. With the Energy Roadmap Program, SANDAG 
plans to provide jurisdictions updated inventories every two years, beginning with a 2016 inventory to 
align with the regional inventory.  


Data availability determines when the inventory can be prepared. Similar to the state, local data collection 
processes can take up to 18 months from the end of the desired inventory year (e.g. a 2018 inventory will 
likely be prepared in mid-2020). 


The results of several years of inventories indicates the trend of emissions changes. For example, the 
State inventory shows a decreasing trend in overall GHG emissions (Figure 9) when considering the 
years 2000 to 2014. California now appears to be on the path to meet its 2020 target. However, from the 
years 2000 to 2007 the average emissions were slightly increasing and it is only since 2008 that the trend 
is decreasing. Any individual year may be higher or lower than the previous, therefore several years of 
inventories are needed before a trend can be clearly identified.   
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F igure 4 Cal i forn ia ’s  GHG inventory and t rends  


 


3.1.1 Monitoring GHG emissions by category 
Evaluating emissions by category provides an understanding of where emission levels are increasing or 
decreasing and the effect on overall emissions. For example, the City of San Francisco monitors total 
GHG emissions and GHG emissions by category. Figure 10 shows the City of San Francisco’s emissions 
by category from the year 1990 to 2010. In this example, the emissions in the waste category increased 
between 1990 and 2005 but decreased from 2005 to 2010. The building electricity category appears to 
have steadily decreased in emissions, while other categories’ emissions have remained approximately 
the same. Overall, San Francisco shows a decrease in its total emissions from 2000 to 2010; however, it 
appears to not quite have met its reduction target of 20% below 1990 by 2010. 


Figure 5 Example of  GHG trends in  San Franc isco 
inventory categor ies 


 
Another important consideration is to determine why GHG emissions increased or decreased in a given 
category and identify barriers to progress. Apart from data uncertainties as a contributor to apparent 
increases or decreases, a range of other factors could affect emissions. Some factors may be outside the 
control of the local jurisdiction. The following sections describe some of these factors outside of CAP 
implementation that may affect emissions in a given year for each category.   
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On-road transportation 
• On-road transportation category is complex and many factors influence GHG emissions by impacting 


VMT, vehicle efficiency, and use of zero emission vehicles. Unlike other inventory categories where 
activity is measured, and lacking fuel data at the city level, VMT cannot be measured directly at the 
jurisdiction level, so modeled VMT is used instead. 


• Fuel prices affect miles driven and types of vehicles purchased. The types of vehicles purchased 
determines the GHG emissions factor in the State’s EMFAC model (see Technical Appendix II, GHG 
Reduction Calculation Methods for CAP Measures).  


• The state of the economy affects miles driven. Miles driven typically decrease during recession years 
and increase in boom years. However, GHG emissions may still decrease depending on the type and 
fuel economy of the vehicles being driven. 


• Emerging technologies, such as rideshare, bikeshare, microtransit, autonomous vehicles, and 
connected vehicles, have the potential to dramatically influence GHG emissions. The impacts on 
VMT, vehicle ownership, single-occupant trips, and roadway capacity is unclear. 


Electricity 
• SDG&E’s power source mixes can change from year to year. The emission factor is based on the 


amount of renewable source generation. When the San Onofre nuclear power plant went off-line in 
2012 for example, GHG emissions increased because the temporary use of natural gas plants 
increased the emissions factor of grid power. 


• The number of accounts in each class (residential, non-residential) can change from year to year as 
new customers enter or leave. This can lead to large changes when dealing with industrial and 
commercial facilities and can mask real CAP-related reductions in GHG emissions from the electricity 
and natural gas categories. 


• External factors, such as weather (e.g., temperature, humidity), affect electricity consumption.  


• The state of the economy affects end-use energy consumption, similar to the miles driven in the on-
road transportation category.  


Water and wastewater 
• Water consumption is affected by mandates to conserve.  


• Water rates affect water use; therefore, tracking water rates by service agency is useful.  


• Weather (especially rainfall) in a given year will impact both water consumption and associated 
energy and GHG emissions. Drought years may lead to cities importing more water, which uses more 
energy and potentially leads to greater GHG emissions. On the other hand, if sufficient water is stored 
in the region in a drought year, there may be less than expected imports during a drought year. 


• Reductions in water use will lead to reductions in wastewater treatment emissions. 


Solid waste 
• Changes to disposal rates or recycling rates impact solid waste emissions. 


Data needs and frequency of data availability to monitor category emissions are the same data needed 
for an inventory and summarized in Table 2. They are described in detail in Technical Appendix I (GHG 
Inventories, Projections, and Target Selection).   
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3.1.2 Monitoring CAP measures and actions 
GHG reduction strategies, measures and/or actions can be tracked by tracking the activities associated 
with each, and their GHG reduction amounts. However, solely tracking the level of activity can be 
misleading if the associated emissions reductions are declining for other reasons. Therefore, monitoring 
progress in implementing and achieving the goals of CAP strategies, measures and actions includes: 


• tracking the data inputs used to calculate emissions reductions; 


• tracking associated local jurisdiction activities – these can be qualitative or quantitative; 


• To the extent possible, tracking other related data that might be useful and relevant to any particular 
strategy, measure or action.  


The way to track these three components is to establish performance metrics, for each component.  
A variety of performance metrics can be established with baseline data during CAP development and 
additional metrics can be developed any time thereafter to be used to monitor and report several 
components of measures and actions.  


Performance metrics are also used to monitor emissions by category or overall emissions. The next 
section provides more detail on performance metrics for each level of the monitoring framework. 


3.2 Performance metrics to monitor CAP 
categories, strategies, measures and actions 


A performance metric is a specific and measurable level of achievement within a particular timeframe or 
target year. A performance metric may lead to a particular end result or goal. While CAPs always have 
targets for overall GHG reduction, they may or may not have goals by emissions category. If a category of 
emissions has several strategies to achieve reductions, strategies may or may not have associated GHG 
reduction goals or other goals. For local measures within a category and strategy, CAPs generally have 
specific actions which have been used to quantify GHG reduction estimates in target years as well as 
non-quantifiable local activities associated with a measure. Performance metrics based on specific activity 
data can be developed and tracked annually or even more frequently for local measures. A performance 
metric related to staff time, money spent, or number of workshops can also be developed but may not be 
quantifiable with respect to GHG reduction. Therefore, performance metrics can be qualitative or 
quantitative. 


The data needs, availability and sources for CAP measures are provided in Table 3 and are largely the 
same as those used to identify and develop the CAP measures during CAP development (see Appendix 
II, GHG Reduction for CAP Measures). The methods for calculating emissions reductions are also 
provided in Appendix II and are the same as the methods used during the monitoring process. The 
analysis included in the CAP is for the purpose of planning and estimating GHG reductions even if not all 
actions can be quantified. In addition, performance metrics associated with a strategy, category, measure 
or action can be used to track factors that may influence the CAP, such as regional gross domestic 
product (RGPD). A metric that considers trends in overall GHGs per RGDP can show how productive a 
jurisdiction might be relative to reductions in GHGs. The metric GHGs per unit of RGDP is typically not 
within the scope of the CAP but nonetheless provides a useful indicator of change. 


Table 4 shows a variety of performance metrics that might be used to track progress of CAPs by 
category, strategy, measure and action. Metrics included in the CAP would require collecting data across 
a wide range of activities that could include numerous departments and divisions within a jurisdiction, as 
well as external entities.  


While performance metrics may be provided in the CAP or developed later through a progress reporting 
process, there may also be CAP relevant metrics provided in a GP implementation or GP monitoring plan.   
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Table 4 I l lustrat ive examples of  performance metr ics  


GHG emissions 
category Strategy Measure/policy 


examples Actions Performance metrics 


Electricity and 
natural gas 


Increase 
renewable 
energy 


Local - Require 
installation of 10 
MW additional 
residential PV or 
PV on 3,000 
homes by 2020 


Adopt ordinance 
to increase 
residential PV 


- Number of educational outreach 
events 


- Value of rebates and incentives 
provided per year 


- Zoning amendments to streamline 
permit applications 


- MW residential PV installed per year 


- Number of residential PV permits 
per year 


- Average kW PV/household per year 


- CO2e avoided/unit 


 Installation of 1 
MW additional 
residential PV or 
PV on 3,000 
homes by 2020 


State -
implemented 
regionally – 
Achieve 33% 
renewables in 
electricity by 2020, 
and 50% by 2030 


Amount of 
renewables in 
grid energy 


-% renewables in gross supply by 
jurisdiction per year 


- CO2e avoided/year 


    Increase 
building 
energy 
efficiency 


Local - Reduce 
energy use by 
15% per unit in 
20% of residential 
housing units by 
2020 and 50% of 
units by 2035. 


Adopt a 
residential 
energy 
disclosure 
ordinance 


- Number of homes disclosing energy 
use 


- Number of homes conducting 
energy reduction activities 


- Energy use per household per year 


- Electricity use per household per 
year 


- Natural gas use per household per 
year 


 


State – achieved 
locally - reduce 
commercial 
building energy 
use 


Establish 
commercial 
building energy 
use per square 
foot by 
jurisdiction 


- Commercial building energy use per 
square foot 


- Incentives and rebates distributed 
locally by jurisdiction for commercial 
retrofits 
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GHG emissions 
category Strategy Measure/policy 


examples Actions Performance metrics 


On-road 
transportation 


Reduce 
VMT 


Increase mass 
transit commute 
mode share to 
10% by 2020 and 
25% by 2035 


Work with transit 
agencies to 
identify bus 
routes and 
priorities to 
increase 
frequencies 


- Number of meetings held with 
transportation agency per year 


- Number of outreach events to 
identify community needs for transit 
and areas 


- Baseline number and frequency of 
potential buses affecting commuters 


- New frequency by jurisdiction and 
commute 


 Identify smart 
growth areas for 
improved transit 
access 


- Number of smart growth areas by 
jurisdiction 


- Outreach to public and employers 
related to smart growth areas 


- Incentives and rebates available for 
increased transit access for 
commuters per year 


- Employer applications and amount 
for transit rebates/incentives per year 


Promote 
alternate 
fuels and 
alternative 
fuel 
vehicles 


Increase  
AF stations 


Work with 
SDG&E and 
CSE to identify 
locations and 
implement 


- Number and type of AF stations per 
year installed 


 


Increase EVs in 
passenger fleet 


State – achieved 
locally 


- Number of EV rebates per year 


- Value of EV rebates per year 


- Estimated EV and other AFVs miles 
driven per year 


Reduce 
fuel use 


Traffic light 
retiming or 
synchronization 
for 100 signals 


Retime 100 
traffic signals by 
2020 


- Number of signals re-timed to 
achieve smoother flow 


Install 4 
roundabouts 


Identify and 
install 
roundabouts at 
4 appropriate 
junctions by 
2020 


- Number of roundabouts installed or 
planned per year 


Improve fuel 
economy of 
vehicles 


State- achieved 
locally 


-Modeled change in fleet fuel 
economy in region by year 
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GHG emissions 
category Strategy Measure/policy 


examples Actions Performance metrics 


Waste Increase 
solid 
waste 
diversion 
from 
landfill 


Divert 75% solid 
waste from 
landfills by 2020 
and 90% by 2035 


Adopt zero 
waste ordinance 


- Total solid waste produced per year 


- Amount and type of waste diverted 
per year 


Compost 90% of 
organics by 2035 


Plan and 
develop 
composting 
facilities 


- Build compositing facilities 


 


Non-quantified CAP measures and actions may also be known as “supporting activities.” The purpose of 
tracking and monitoring these non-quantified actions is to determine whether a jurisdiction has completed 
the activities it committed to in the CAP, and, if not, why these activities were not completed. It is also 
possible that a local jurisdiction could complete the CAP actions without achieving the associated GHG 
emissions reductions. The opposite could also be true, and the GHG reduction measure and associated 
performance metrics might be met without any action by the local jurisdiction. This information can help 
local jurisdictions determine how to prioritize its implementation efforts and allocate funds to support CAP 
implementation.  


3.2.1 Other CAP-related metrics 
In addition to the performance metrics included in a CAP, additional metrics can be tracked to assess 
trends associated with CAP strategies, measures and actions. Metrics can capture broad macroeconomic 
themes, such as GHG emissions per dollar of RGDP, or they can be more specific and focus on a 
particular category of emissions. For example, energy related metrics, including energy per capita or 
energy per household, could be used to evaluate broader trends related to the CAP but not explicitly 
included in the CAP. 


Metrics could be developed to monitor overall efficiencies. For example, because on-road transportation 
is responsible for a significant portion of overall communitywide emissions, developing metrics to assess 
the overall efficiency of the transportation system in terms of access, mobility, and associated GHG 
emissions could help a jurisdiction understand what measures and policies could be most effective. For 
example, moving miles from electric vehicles charged with high levels of renewable electricity to diesel or 
natural gas buses with low ridership may not be a good trade-off for reducing GHG emissions in a 
jurisdiction, and metrics that enable this kind of evaluation may be valuable in a CAP. 


Examples of other metrics for communitywide energy and water efficiency measures are given in 
Figure 11. 
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F igure 6 Examples of  addit ional  potent ia l  performance metr ics  related to CAPs 


 
 
These metrics are essentially combinations of publicly available datasets and could be quickly developed. 
Such metrics could be shared publicly to help develop long-term assessments of climate action planning 
in any jurisdiction and support data transparency initiatives.  


3.3 CAP updates 


The monitoring process described above could inform a CAP update. Updating a CAP provides an 
opportunity to set a new baseline using the latest inventory methodologies and data sources, and update 
the emissions projection with the latest growth forecasts and/or new targets. During a CAP update, 
jurisdictions can also use monitoring data to inform changes to the CAP measures. 


4. Monitoring other factors that can affect the CAP 


The primary goal of the CAP is to reduce GHG emissions; however, there are other benefits that can 
result from CAP measures and actions, also called “co-benefits”. For example, reducing tailpipe 
emissions from vehicles can improve local air quality, which can have a positive effect on public health; 
installing solar PV or conducting energy efficiency retrofits can reduce costs for users through energy and 
water utility savings; and, increasing use of labor-intensive activities, like solar installation and energy 
efficiency retrofits, can create jobs and positively affect the local economy. At the same time, there may 
be negative externalities, such as costs associated with adopting new technologies or building 
infrastructure. 


Co-benefits may be identified in a qualitative manner in a CAP. A comprehensive benefit-cost analysis 
(BCA) of CAP measures would include co-benefits. (see Technical Appendix III, Benefit-Cost Analysis for 
CAP Measures).   
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4.1 Local air quality benefits 


CAPs do not quantify local air quality benefits from measures and there is no requirement to do so. 
However, GHG reduction policies will also reduce air pollutants, such as particulate matter, oxides of 
nitrogen, and sulfur dioxide, from local transportation measures. These air pollutants have a direct effect 
on smog formation and public health.  


4.2 Public health 


To the extent that CAP measures reduce conventional air pollutants, there will be a direct effect on  
public health.  


4.3 Cost 


The costs of monitoring CAPs would include staff costs to implement the CAP and collect and manage 
data, as well as consultant costs, if needed. The BCA framework developed by EPIC (provided in 
Technical Appendix III, Benefit-Cost Analysis for CAP Measures) includes the cost of implementation, 
which, in turn, includes the costs for monitoring the CAP over its lifetime.  


4.4 Economic impacts and jobs 


The City of San Diego and Encinitas CAPs have sections related to social equity and job creation and 
describe how this can be used to promote more equitable job growth and economic opportunity. In its 
chapter on monitoring and reporting, the City of San Diego commits to working with other regional 
organizations (such as Cleantech San Diego and the Center for Sustainable Energy) to monitor and 
report on annual jobs related to the CAP, which also includes associated wages. Cleantech San Diego 
monitors the region’s cleantech economy as a whole6 and this data would also be available to other 
jurisdictions in the region. Tracking job changes due to CAP measures can be a part of CAP monitoring. 


4.5 Monitoring the weather 


While this region’s CAPs do not currently include weather monitoring, tracking annual weather patterns 
through publicly available sites (e.g. SDG&E’s weather stations) can help to explain changes in energy 
and water use over time. 


5. Communicating progress 


Many CAPs specify that progress reports will be provided to the decision-making body and made 
available to the public on a regular basis. Some jurisdictions have also chosen to voluntarily report GHG 
emissions inventories and reduction progress to third parties such as the Carbon Disclosure Project 
(CDP). The following sections provide examples of progress reports from jurisdictions within the  
San Diego region and outside the region.   


                                                      
6 See http://cleantechsandiego.org/facts/ 
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5.1 City of Encinitas 


The City of Encinitas has also developed a dashboard called “Encinitas Environment,” which allows 
visitors to explore Encinitas’s CAP goals and progress, including related environmental benefits.  
Figure 12 shows a screenshot of the City of Encinitas’s dashboard. Each image can be opened for more 
details on each topic.  


Figure 7 Ci ty of  Encin itas  dashboard 7 


 


5.2 City of San Diego 


The City of San Diego has a “Sustainability” webpage, which provides the links to the CAP and to its CAP 
annual reports. The annual report includes details of progress for each of the five strategies in the CAP 
(Figure 13). The Sustainability webpage also links to a “Sustainability Progress Report”, a one-page 
“postcard” that highlights the annual achievements in the CAP progress report (Figure 14). 


 


 


                                                      
7  City of Encinitas CAP Dashboard, available at encinitasenvironment.org/. 



http://www.encinitasenvironment.org/

https://www.sandiego.gov/sustainability
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F igure 8 Ci ty of  San Diego CAP Annual Repor t -   
Energy and W ater Ef f ic iency 


 


 
 


Figure 9 Susta inabi l i t y Annual Report ,  Ci ty of  San Diego 
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5.3 City of Berkeley 


The City of Berkeley reports on its CAP progress through its Office of Energy and Sustainable 
Development webpage, in the form of a short presentation with the overall achievements, progress 
towards GHG emissions targets, and trends (Figure 15). 


Figure 10 Overal l  GHG emiss ions progress repor t ing,  Ci ty of  Berkeley 


 
The website then provides tabs for progress in each category of emissions reductions (Figure 16). 


Figure 11 Ci ty of  Berkeley Progress Report  on the web 


 
Each category goes into the details of the measures and lists the goals and actions, as well as 
performance metrics and status for each measure (Figure 17).   
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F igure 12 Ci ty of  Berkeley Progress Report  deta i l  


 


5.4 City of Seattle 


The City of Seattle’s Office of Sustainability and Environment webpage provides the history of Seattle’s 
CAP development, with links to the CAP and implementation strategy. The CAP does not have a chapter 
on monitoring and reporting, and there has been no specific annual CAP monitoring. However, its 2014 
“Moving the Needle” report tracks and reports on many of the measures included in its 2008/update  
2013 CAP (also Figure 18 and Figure 19 for presentation of Seattle’s progress and goals).  



https://www.seattle.gov/Documents/Departments/OSE/Reports/MTN2.0_Final_Web.pdf

http://www.seattle.gov/Documents/Departments/OSE/2013_CAP_20130612.pdf
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F igure 13 Ci ty of  Seatt le 2014 Progress Repor t  


 


Figure 14 Ci ty of  Seatt le goals  
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6. Conclusion 


This appendix to the SANDAG ReCAP discussed: 


• The purpose of monitoring and reporting on CAP progress 


• Considerations related to monitoring, such as frequency of data availability, and data sources 


• Limitations of data related to monitoring 


• State guidance available for monitoring and reporting for local CAPs, and best practices for local staff 


• The CAP monitoring framework, including GHG inventories, GHG inventory categories,  
CAP reduction measure activity, CAP reduction measure GHG emission reductions, and  
non-quantifiable measures 


• Identifying and tracking performance metrics related to CAP measures and actions 


• Tracking metrics outside the CAP framework but of relevance to CAPs, such as co-benefits; 


• Communicating results and example formats used in reporting progress. 
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by San Diego Gas & Electric Company under the auspices of the California Public Utilities Commission. 
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1. Introduction 


This document is Appendix I to the SANDAG Regional Climate Action Planning Framework (ReCAP). The 
document is divided into the following five sections. Section 1 is the introduction. Section 2 discusses the 
purpose of developing greenhouse gas (GHG) emissions inventories in the climate action planning 
process and the reporting approaches and protocols for GHG inventories. Section 3 provides an overview 
and methodology to estimate GHG emissions from the main emission-generating activities. Section 4 
discusses the challenges in developing, updating, and revising GHG inventories specifically for the local 
jurisdictions in the San Diego region. Section 5 provides the purpose of developing emissions projections, 
as well as the process and method to project GHG emissions into the future. Section 6 provides an 
overview of California’s GHG reduction targets and the State’s guidance and recommendations for local 
governments selecting targets, with examples from climate action plans (CAPs) in the San Diego region.  


Local jurisdictions in the San Diego region refer to the 18 incorporated cities in the San Diego region and 
the unincorporated County of San Diego. The GHG emissions inventory, projections, and target selection 
methods discussed in this Appendix are intended for community-wide climate action planning by local 
jurisdictions as well for the region-wide inventory. However, other local entities, such as the San Diego 
Unified Port District, San Diego County Regional Airport Authority, etc., may also benefit from some 
technical inputs, processes and methods provided in this Appendix, to create methodological and 
procedural consistency across the region. 


1.1 Guiding principles 


This Appendix is developed under the following guiding principles: 


• Transparency – calculation and data collection methods are transparent to readers; 


• Accepted methods – methods are based on widely-recognized protocols; 


• Local relevance – methods are relevant to the San Diego region and the local jurisdictions in the 
San Diego region; 


• Activity-based – the GHG emissions inventory is calculated based on emissions-causing activities 
within jurisdictions; 


• Regional consistency – methods maintain consistency across jurisdictions within the San Diego 
region; and  


• Flexibility and adaptiveness – methods are regularly updated to be consistent with current  
best practices. 


2. Developing greenhouse gas emissions inventories 


2.1 Purpose of developing GHG emissions inventories 


A GHG emissions inventory is a snapshot of the GHG emissions associated with a community’s activity  
in a given year. The purpose of an inventory is to: 


• Establish a baseline against which future emissions levels and future reduction targets can be 
measured; 


• Understand the categories of GHG emissions and their relative contribution to total emissions; and 


• Monitor progress towards achievement of GHG reduction targets. 
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2.2 GHG emissions inventory methodology approaches and protocols 


Nations, states, local jurisdictions, public agencies, and corporations estimate GHG emissions for 
different purposes. Several general approaches exist to quantify GHG emissions. The Association of 
Environmental Professionals (AEP)’s white paper Production, Consumption and Lifecycle Greenhouse 
Gas Inventories, provides a comparison of the following three different GHG emissions inventory 
approaches:  


• Production-based – This approach is similar to the methodology presented in the Intergovernmental 
Panel on Climate Change (IPCC) guidelines for national GHG reporting, and includes GHG emissions 
produced within a specific geographical boundary.  


• Consumption-based – A full consumption-based inventory includes the life-cycle GHG emissions 
from the production, shipping, use, and disposal of goods and services consumed by a jurisdiction’s 
residents, regardless of where production occurred. For example, in the transportation category, this 
approach would include the emissions embedded in motor vehicle production, emissions from 
shipping the vehicle to the jurisdiction, emissions from production and refining of fuel used in the 
vehicle, the combustion of the fuel in the vehicle, and the emissions from the ultimate disposal of  
the vehicle.  


• Activity-based – This approach is a hybrid of the production-based and consumption-based 
approaches that includes emissions from production and consumption of fuel, plus selected indirect 
emissions associated with the consumption. For example, the emissions from electricity are a 
combination of emissions from electricity consumed by the end users, regardless of where the 
emissions are actually produced, and losses in delivering electricity to the end user (AEP, 2017).  


Because of these differences, it can be difficult to compare total GHG emissions from cities and regions 
across the globe if different approaches are used. In California, the activity-based approach is the 
standard practice for local jurisdictions’ community-wide inventories. This document focuses on the 
activity-based approach to estimate GHG emissions.  


2.2.1 Community-scale emissions accounting approaches and protocols 
The 2013 U.S Community Protocol for Accounting and Reporting Greenhouse Gas Emissions (U.S. 
Community Protocol) developed by ICLEI – Local Governments for Sustainability (referred to as ICLEI) is 
the mostly widely-followed protocol in the U.S. based on the activity-based approach. In California’s 2017 
Climate Change Scoping Plan (2017 Scoping Plan), the California Air Resources Board (CARB) 
recommends local governments refer to the U.S. Community Protocol to complete a GHG emissions 
inventory at the community scale.  


The Global Protocol for Community-Scale Greenhouse Gas Emission Inventories (GPC) uses the concept 
of “scope,” which categorizes emissions by direct (in-boundary) or indirect (out-of-boundary) emissions. 
The U.S. Community Protocol does not use the “scope” concept. The “scope” concept, as described in 
the U.S. Community Protocol “do[es] not translate to the community scale in a manner that is clear and 
consistently applicable as an accounting framework” (ICLEI 2013, p.13).  


The method for local jurisdictions to quantify GHG emissions described in this Appendix is based on the 
U.S. Community Protocol, with regional or jurisdiction-specific data sources developed or refined by the 
Energy Policy Initiatives Center (EPIC). Even though only one protocol is used, there can be differences 
between jurisdictions based on the number of U.S. Community Protocol emissions categories evaluated 
(see Section 2.2.2.2), the application of methods, and data availability at the jurisdictional level.  
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California Air Resources Board statewide inventory methods 
The California statewide inventory developed annually by CARB follows IPCC guidelines for national 
reporting, which is a production-based approach. Because CARB follows this approach, there are only 
some similarities between California’s statewide inventory and community-wide inventories. For example, 
because California imports some of its electricity from out-of-state facilities, the GHG emissions from 
electricity generated (produced) out-of-state and consumed in-state are included in the statewide 
inventory (CARB, 2017); this approach is consistent with the U.S. Community Protocol. Other categories 
are not easily comparable due to different methodology or data availability. For example, CARB estimates 
emissions from the on-road transportation category based on fuel sales data (in gallons) obtained from 
the Board of Equalization, while emissions at the local level are based on modeled vehicle-miles-traveled 
(VMT) data. Because of the data availability, CARB’s method of estimating GHG emissions from the on-
road transportation category is not replicative at the local jurisdiction level.  


Other GHG reporting protocols 
There are several other protocols and frameworks for community-scale GHG reporting shown in Table 1 
in order of familiarity. 


Table 1 Examples of  community-scale GHG repor t ing protocols and f rameworks 


Protocol or framework Released 
year Author(s) Comparison 


International Local 
Government GHG Emissions 
Analysis Protocol (IEAP) 2009 


ICLEI Previous version of the U.S. Community 
Protocol.  
See Section 4.2.1 for detailed method 
and data source comparison. 


Global Protocol for 
Community-Scale 
Greenhouse Gas Emission 
Inventories (GPC) 


2014 


ICLEI, World 
Resources 
Institute 
(WRI), C40 


Developed in parallel with the U.S. 
Community Protocol and intended for 
Communities worldwide; “scope” based. 


U.S. Environmental 
Protection Agency (EPA) 
Local Greenhouse Gas 
Inventory Tool 


2015 


U.S. EPA Based on GPC with default data 
embedded. 


 
Organization-wide (e.g., corporations) GHG emissions reporting protocols, such as the GHG Protocol 
Corporation Standard (World Resources Institute [WRI] and World Business Council for Sustainable 
Development [WBCSD], 2015), also use the concept of “scope,” which categorizes emissions by direct 
(in-boundary) or indirect (out-of-boundary) emissions. Protocols and guidance for reporting GHG 
emissions for government operations (or the public sector) are different from those for the community-
scale and corporation-scale and include the General Reporting Protocol for the Voluntary Reporting 
Program (The Climate Registry, 2016), and the Local Government Operations Protocol (CARB, ICLEI & 
The Climate Registry, 2010). These protocols are not discussed in this document. 


2.2.2 GHG emissions inventory categories 
The following section discusses the categorization of GHG emissions in the CARB statewide inventory, to 
demonstrate the similarities and differences with the U.S Community Protocol-compliant emissions 
categories for community-scale inventories. Due to the differences in categorization, and the categories 
that may be part of each community, it may not be possible to compare community-scale inventory 
categories with the CARB statewide inventory categories or to compare community-scale inventories with 
each other.   
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GHG emissions categorization in CARB statewide inventory 
CARB categorizes the statewide GHG inventory in the following ways. 


• By Scoping Plan category, as defined in the CARB 2008 Initial Scoping Plan  


• By economic sector and activity  


• By IPCC process-oriented category  


• By GHG 


These four categorizations are shown in Table 2.  


Table 2 CARB statewide inventory categor izat ion  


By Scoping Plan 
category 


By economic sector 
and activity 


By IPCC 
process-oriented 


category 
By GHG 


• Transportation 


• Industrial 


• Electric power 


• Commercial and 
residential 


• Agriculture 


• High Global 
Warming Potential 
(GWP) 


• Recycling and 
waste 


• Electricity 
generation  
(in State) 


• Electricity 
generation 
(imports) 


• Transportation 


• Industrial 


• Commercial 


• Residential 


• Agricultural and 
forestry 


• Not Specified 


• Energy 


• Industrial 
processes and 
product use 


• Agriculture, forestry 
and other land use 


• Waste 


• Carbon dioxide 
(CO2) 


• Methane (CH4) 


• Nitrous oxide (N2O) 


• High GWP gases 


• Sulfur hexafluoride 
(SF6) 


High GWP gases: greenhouse gases with high Global Warming Potential (GWP) 
Only Level 1 sectors are included here, there are also sub-categories (Level 2 and 3) not included here. 
Source: CARB 2017 https://www.arb.ca.gov/cc/inventory/data/data.htm 


 
Emissions sources are classified differently within each category shown in Table 2. For example, 
emissions from waste disposed at landfills are classified as “waste” and “recycling and waste” in the IPCC 
and Scoping Plan categories respectively, but as “industrial” in the economic sector category. Similarly, 
“industrial” in the Scoping Plan categories includes energy use for industrial processes and cogeneration 
heat output, while “industrial” in the economic sector also includes emissions from solid waste treatment 
and landfills.  


  



https://www.arb.ca.gov/cc/inventory/data/data.htm





ReCAP: Technical Appendix I 


G r e e n ho u se  Ga s  I nv e n t o r i e s ,  P r o j ec t i o ns ,  a n d  T a r ge t  S e l e c t i on  |  5  


GHG emissions categorization in the U.S. community protocol 
The U.S. Community Protocol provides guidance to help local governments select GHG emissions 
activities to be included in an inventory. To be protocol-compliant, a minimum of five basic emissions-
generating activities must be included, with the option to include additional activities. The five basic 
emissions-generating activities are described below in Figure 1. 


Figure 1 Five required basic  emissions-generat ing act iv i t ies   
in U.S.  Community Protocol ( ICLEI 2013,  EPIC 2017)  


 
 
The detailed methods to estimate the emissions for these categories are described in Section 3 and are 
the primary focus of this Appendix. Jurisdictions may include additional emissions categories as they are 
appropriate for their community. The following are common additional emissions categories from 
community-wide GHG inventories in the San Diego region (Figure 2). These methods are not currently 
included in this Appendix, but will be included in a future update of the document.  


Figure 2 Addi t ional  emissions categor ies for  community-scale GHG inventor ies  
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Table 3 describes the categories included in a typical city inventory, the unincorporated County of 
San Diego inventory, and the regional inventory.  


Table 3 Examples of  emiss ions categor ies  inc luded in  
the San Diego region jur isd ic t ion ’s GHG inventory 


Emission categories Typical city 
Unincorporated 


County of 
San Diego 


San Diego 
region 


Electricity    


Natural gas    


On-road transportation    


Solid waste     


Wastewater    


Water    


Off-road transportation    


Landfills    


Agriculture    


Other fuels    


Industrial processes    


Land use/wildfire    


Rail    


Civil aviation    


Marine vessel    


Blue fill represents the categories included in the jurisdiction’s GHG inventory 
 
The typical city inventory includes the recommended five basic categories, while the County of San Diego 
also includes agriculture, other fuels (propane), and off-road transportation in their inventory to capture 
the specific conditions in the unincorporated County. For CAPs that provides California Environmental 
Quality Act (CEQA) coverage for a specified emissions category (i.e. construction equipment in the off-
road transportation category), the category must be included in the inventory. The San Diego regional 
inventory captures even more categories, including industrial processes, land use and wildfire, rail, civil 
aviation, and marine vessel activities, making it more comparable with the CARB statewide inventory.  


3. Methods to estimate GHG emissions 


The methods to estimate GHG emissions from the five basic emissions-generating activities are 
presented in this section.  


3.1 Greenhouse gas and global warming potential  


The primary GHGs included in emissions inventories are carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O). Each GHG has a different capacity to trap heat in the atmosphere, known as its 
global warming potential (GWP), which is normalized relative to CO2 and expressed in carbon dioxide 
equivalent (CO2e). In general, the 100-year GWPs reported by the IPCC are used to estimate GHG 
emissions. Community-wide emissions in the San Diego region are based on the IPCC Fourth 
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Assessment Report (AR4), to be consistent with the CARB statewide inventory and current international 
and national GHG inventory practices, given in Table 4 (IPCC, 2007).  


Table 4 Greenhouse gases and g lobal warming potent ia ls  


GHG GWP 
Carbon dioxide (CO2) 1 
Methane (CH4) 25 
Nitrous oxide (N2O) 298 


3.2 Overview of methods to estimate GHG emissions 


To calculate GHG emissions, activity data (i.e., kilowatt-hours of electricity, tons of solid waste) are 
multiplied by an emission factor (i.e., pounds of CO2e per unit of electricity) for each of the five basic 
emission-generating categories, as described in Figure 3 below.  


Figure 3 Overview of  methods to est imate GHG emiss ions  


 
An overview of activity data collection and data for the development of emission factors for each category 
is given in Table 5. Detailed methods are described in the following sections. 


Table 5 Data sources for  est imat ing act iv i t y and emissions factors   


Category Category detail Data source for estimating activity and emission factor 


Electricity 


Activity Data from San Diego Gas & Electric (SDG&E) based on customer 
class and customer type, rate schedule and service provider 


Emission factor 
Weighted average emission factor based on SDG&E procurement 
from each fuel type at each facility and emission factor of electricity 
generation at each facility 


Natural gas Activity Data from SDG&E based on customer class and customer type, 
rate schedule and service provider 
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Category Category detail Data source for estimating activity and emission factor 


Emission factor Natural gas emission factor in California from CARB statewide 
inventory 


Transportation 


Activity Disaggregated VMT using the origin-destination method provided 
by SANDAG using Activity Based Model (currently Series 13) 


Emission factor 
San Diego region emission factor by vehicle class from latest 
approved CARB EMFAC model converted to average vehicle 
emission factor using VMT distribution by vehicle class 


Water 
Activity Jurisdiction-specific water use and energy intensity from the supply 


agency and/or jurisdiction Emission factor 


Wastewater 
Activity Jurisdiction-specific wastewater generation and emission factor 


based on treatment process from agency and/or jurisdiction Emission factor 


Solid waste 
Activity Waste disposal from CalRecycle and/or jurisdiction 


Emission factor Based on regional or local waste composition study and methane 
recovery factor at landfills obtained from the landfill 


3.3 GHG emissions from the electricity category 


GHG emissions from the electricity category are calculated based on method ‘BE.2 Built Environment’ of 
the U.S. Community Protocol. While the activity data used in this category is based on the metered 
electricity used at customer premises and sold by the local utility, SDG&E, and other electric service 
providers (ESPs), the emissions occur at the electricity generation facilities (e.g., power plants). 


3.3.1 Activity – electricity use  
Electricity use categories 
Electricity use can be defined in many ways such as net or gross, or based on the inclusion or exclusion 
of distributed generation and/or transmission and distribution losses. This Appendix uses the definitions in 
the California Energy Demand Forecast (CED Forecast). The CED Forecast is produced every two years 
by the California Energy Commission (CEC) to support the analysis and recommendations in the 
Integrated Energy Policy Report (IEPR). The CED Forecast provides a 10-year forecast for electricity 
consumption, retail sales, and peak demand for the State and each of its five-major electricity planning 
areas, including the SDG&E planning area. Four different electricity use categories are defined in the 
CED Forecast as follows: 


• Sales – This is the total quantity of electricity sold to customers, the annual quantity of electricity 
registered on the electric meter each year. Any private generation and supply on the customer side of 
the meter would be reflected (i.e., is already subtracted) in this amount.  


• Net energy for load – This is electricity sales plus the losses incurred in providing that quantity of 
electricity and represents the total amount of electricity needed to serve the customer.  


• Consumption – This is the total amount of electricity, including both sales and private generation and 
supply, used by the customer. The private supply includes self-serve photovoltaic (PV) and self-serve 
non-PV.  


• Gross generation – This is the total amount of electricity generated for consumption, including 
losses.   
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F igure 4 Elec tr ic i t y use categor ies as def ined by  
Cal i forn ia Energy Commission (CEC, EPIC 2017)  


 
The CEC electricity use categories help to more clearly associate electricity use at the customer site with 
generation-related emissions at the facility. Electricity sales data from SDG&E, as well as transmission 
and distribution losses, are combined to obtain the net energy for load—this process is often called 
“grossing up” the electricity sales. The net energy for load is the amount of electricity that generation 
facilities must produce to meet customer demand, and is the basic quantity used as activity data in the 
calculation of GHG emissions. Self-serve electricity generation from customer-owned behind-the-meter 
PV is assumed to have zero emissions and is therefore not included in the emissions calculation. 
Emissions from small-scale fossil fuel (natural-gas)-based electricity generation used to serve on-site load 
only, not for utility-scale electricity generation, is captured in the natural gas emissions category.  


Electricity sales data 
SDG&E provides sales data for electricity consumed within the jurisdictional boundary through its Privacy 
GreenLight Energy Data Request Program. In general, the electricity data are classified as follows: 


• Customer class – Customers are divided into Residential, Commercial, Industrial, Lighting, and 
Agricultural and Pumping. 


• Rate schedule – Each electric customer receives electricity under a specific rate schedule, often 
associated with the customer class. Some rate schedules close and are no longer available to 
customers, therefore including current and closed rate schedules helps capture all electricity use.  


• Provider – Electricity can be provided by SDG&E (often referred to as a ‘bundled customer’) or 
through another ESP through Direct Access (DA). The SDG&E bundled power includes the electricity 
from SDG&E-owned power plants and its net electricity procurements. DA refers to the electricity 
provided by other ESPs using the SDG&E distribution and transmission system.  


Due to data privacy rules, the activity data must be aggregated to at least one customer class level to be 
publicly shared in a GHG inventory report. The annual electricity sales for the previous calendar year are 
available and can be requested in March of the current calendar year.  


Transmission and distribution losses 
Transmission and distribution losses refer to the system losses experienced during the process of 
transporting power from generation facilities to end-use customers. Different terms are used to describe 
transmission and distribution losses. The CEC Staff Paper, A Review of Transmission Losses in Planning 
Studies, discusses the difference in terms. Percent losses are reported as a percentage of net energy for 
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load (i.e., the amount of generation needed to serve the end-use electricity demand) that is attributed to 
losses. The loss factor is the factor used to scale end-use demand or retail sales to produce net energy 
for load (Wong, 2011). The GHG emissions from the electricity transmission and distribution losses are 
included in the electricity emissions calculation.  


The transmission and distribution loss factor used for inventories in the ReCAP is consistent with the loss 
factor used in the CED Forecast. The loss factor is calculated by dividing the net energy for load by sales. 
On average, the transmission and distribution loss factor for SDG&E service area is 1.07 based on the 
ratio of the net energy for load to electricity sales in the latest CED Forecast (CEC, 2018).  


3.3.2 Electricity emission factor 
Electricity provided by SDG&E to its bundled customers, and by ESPs to DA customers, is generated by 
different sources (e.g., wind, solar, natural gas) and therefore has different emission factors. EPIC (2016) 
has developed a technical working paper “Estimating Annual Average Greenhouse Gas Emission Factors 
for the Electricity Sector: A Method for Inventories,” which provides a detailed method to estimate 
SDG&E’s bundled emission factor and the DA emission factor. A brief discussion of the methods and 
results are given in the following section.  


SDG&E bundled electricity emission factor 
EPIC calculates the SDG&E bundled emission factor using Federal Energy Regulatory Commission 
(FERC) Form 1, the CEC Power Source Disclosure Program for SDG&E-owned generating facilities and 
purchased power, and the EPA Emissions and Generating Resource Integrated Database (eGRID) for 
specific power plant emissions. The renewable content used in the calculation of SDG&E’s bundled 
electricity emission factors for 2010 to 2016 is given in Table 6. 


Table 6 SDG&E bundled e lectr ic i t y emiss ion factors  (2010-2016)  


Year 
Renewable content in 


SDG&E bundled 
electricity (%) 


SDG&E bundled electricity emission 
factor (lbs CO2e/MWh) 


2010 10% 664 
2011 16% 616 


 2012* 19% 750 
2013 24% 729 
2014 32% 622 
2015 35% 584 
2016 43% 525 


Renewable contents are from CEC Power Source Disclosure Program SDG&E 
2010–2016 Power Content Label. 
*The spike in the 2012 emission factor is due to the closure of San Onofre Nuclear 
Plant and replacement by natural gas-powered electricity. Emission factors updated 
by EPIC in July 2017 may differ from the previous versions due to updates of the 
source data. 


 
The data for calculating the bundled emission factor for the previous calendar year are available by 
summer of the current calendar year.   
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Direct access electricity emission factor 
The DA electricity emission factor is adopted from California Public Utilities Commission (CPUC) Decision 
D.14-12-037, which provides GHG allowance revenue allocation formulas and distribution methodologies 
for emission-intensive and trade-exposed (EITE) customers. The CPUC Decision (2014, pp. 28–29) 
assigns an emission factor of 0.379 MT CO2e/MWh (836 lbs CO2e/MWh) for EITE electricity purchase 
from all Investor Owned Utilities (IOUs) for the purpose of allocating allowance revenue. 


3.3.3 Emission calculation for the electricity category 
Combining electricity use and emission factor, total emissions from the electricity category are calculated 
using Equation 1 below. 


Equat ion 1 Emission calculat ion for  the e lectr ic i t y category 


𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  =  � (𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑒𝑒  ∗ 𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑒𝑒)
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑒𝑒


∗ 1.07 ∗ 0.000453 


Where,  
𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = emissions from the electricity category in a given year (MT CO2e) 
𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑒𝑒 = electricity use (sales) from a given supplier for a given year (MWh) 
𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑒𝑒 = emission factor of a given supply for a given year (lbs CO2e/MWh) 
1.07 = transmission and distribution loss factor in SDG&E service area (CEC) 
0.000453 = conversion factor, MT CO2e in a pound 
  
With  
supply = [SDG&E bundled, ESPs for DA customers] 


3.3.4 Method to avoid double-counting emissions related to the water category 
The electricity associated with water within a jurisdiction’s boundary—such as groundwater extraction, 
water treatment and distribution—is part of the electricity sales data provided by SDG&E. As emissions 
associated with the energy to move and treat water from regional origin to end-use customers are 
included in the water category, electricity and emissions associated with water must be subtracted from 
this electricity category to avoid counting these emissions twice in an inventory, known as double-
counting. More details on the method to calculate electricity and emissions associated with water are 
provided in Section 3.6. 


3.3.5 Limitations of method used to calculate 
emissions from the electricity category 


On-site generation 
For electricity end-users with on-site generation, only the net electricity delivered by SDG&E or ESPs is 
included in the activity data collected through SDG&E’s data request. For non-PV self-serve electricity, 
such as on-site electricity generated with natural gas, it is difficult to determine the amount of fuel used, 
especially if only one meter is used to record natural gas use. Emissions from on-site natural gas use are 
included the natural gas category (Section 3.4).   
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Out-of-boundary jurisdiction-owned facilities 
The electricity sales data are limited to the customer addresses located within the jurisdiction’s boundary. 
The data do not include electricity at out-of-boundary jurisdiction-owned facilities. For example, the 
County of San Diego has several government operations facilities located within the City of San Diego, 
the electricity at those facilities are captured through the data request for the City of San Diego’s 
community-wide inventory, not the County of San Diego’s community-wide inventory, unless they have 
been identified and specifically added to the energy data request.  


Community choice aggregation and SDG&E EcoChoice program 
At the end of 2017, there were no Community Choice Aggregation (CCA) or Community Choice Energy 
(CCE) programs serving jurisdictions in the San Diego region. Sales information for SDG&E’s EcoChoice 
program, which provides electricity with higher renewable content at a customer’s discretion, is not 
publicly available. If CCAs or CCEs were operating in the region, or programs like SDG&E’ S EcoChoice 
program were expanded, it would be necessary to request the electricity sales from those suppliers 
separately to develop a separate emission factor. 


SDG&E bundled emission factor updates 
EPIC updates the emission factors annually based on best available sources. The SDG&E bundled 
electricity emission factors are calculated based on a variety of sources, namely the CEC Power 
Disclosure Program, EPA eGRID, and CARB. The accuracy and consistency of the emission factors 
depend on how frequently the sources are updated, the consistency of the source data, and the methods 
used in each source update. Some sources are not updated as frequently as others. Because of the 
method updates by EPIC or the sources, comparison across different updates ay be challenging or not 
possible. For example, EPIC developed the 2012 SDG&E bundled electricity emission factor in 2014 
based on eGRID2010 (the version available in 2014) and used it in inventory calculations for several 
jurisdictions. With the updated eGRID2012 in 2015, EPIC updated the 2012 emission factor accordingly. 
Therefore, a direct comparison of these two 2012 emission factors is not useful.  


In addition, SDG&E reports historical GHG emission factors in its Application for Approval of its forecast 
of the Energy Recovery Account (ERRA) revenue requirement, in compliance with CPUC decisions. The 
latest application was filed in April 2017 for the 2018 forecast. The historical GHG emission factors are 
2013 to 2015 emission factors. However, the methodology or the emissions by energy type (e.g., PV, 
wind, natural gas) are not available in the public version.  


Table 7 is a comparison table of emission factors based on different data sources.  


Table 7 Compar ison of  SDG&E bundled emission fac tors by data source 


SDG&E bundled emission factor (lbs CO2e/MWh) 


2010 2011 2012 2013 2014 2015 2016 Data source 
 622 584 525 CEC, EPA eGRID2014 v2, CARB; 


calculated by EPIC in 2017 
 750 729 630 593  CEC, EPA eGRID2012, CARB, 


calculated by EPIC in 2016 


664 616 740 720 619  CEC, EPA eGRID2010, CARB; 
calculated by EPIC in 2015 


 717 624  SDG&E 2016 ERRA Forecast, 
submitted by SDG&E in 2015 


 710 626  SDG&E 2017 ERRA Forecast, 
submitted by SDG&E in 2016 


 710 626 593  SDG&E 2018 ERRA Forecast, 
submitted by SDG&E in 2017 


Emission factors in bold are based on the most recent data sources. Emission factors from SDG&E’s ERRA Forecast 
are converted from MT/MWh to lbs/MWh. 
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Direct access emission factor 
The DA emission factor (836 lbs CO2e/MWh) was developed in 2014 based on CARB’s 2008 Initial 
Scoping Plan and original Renewable Portfolio Standard assumptions (20% renewables) and has not 
been updated since then. The emission factor is assumed to be out of date and likely does not reflect the 
power mix and renewable content currently in the ESPs’ power mixes. However, this is the only DA 
emission factor currently available. EPIC can only request the aggregated electricity sales data provided 
by all ESPs, not the sales from individual ESPs. Until the data are available, EPIC will not be able to 
calculate the DA emission factor that reflects the current power mix and renewable content of ESPs. 
However, special districts, public agencies, or corporations in the San Diego region who are DA 
customers and know their electricity suppliers can apply the method EPIC uses to calculate the SDG&E 
bundled electricity emission factor to calculate the emission factors for the suppliers within their 
organization.  


3.4 GHG emissions from the natural gas category 


GHG emissions from the natural gas category are based on method ‘BE.2 Built Environment’ from the 
U.S. Community Protocol. The emissions are from end-use natural gas burning and do not include 
emissions from natural gas used for electricity generation. The methods to collect activity data and 
develop the emission factor are described in the following sections.  


3.4.1 Activity – natural gas use 
Like electricity use data, the natural gas sales data within the jurisdictional boundary is requested from 
SDG&E through its Privacy GreenLight Energy Data Request Program. In general, requested data can be 
classified as follows: 


• Customer class – Customers are divided into Residential, Commercial, and Industrial classes. 


• Rate schedule – Each natural gas customer receives natural gas under a rate schedule, often associated 
with the customer class. Some rate schedules close and are no longer available to customers, therefore 
requesting current and closed rate schedule data helps capture all natural gas use.  


• Provider – Natural gas can be provided by SDG&E (often referred to as a “bundled customer”) or 
another supplier (referred to as “transport only” customers). In the case of “transport only” natural gas 
suppliers, the data are for natural gas transported across SDG&E’s infrastructure.  


Unlike electricity sales, SDG&E does not have a specific natural gas rate schedule for agricultural 
customers; therefore, the agricultural natural gas use is part of the commercial and/or industrial customer 
use. The customers with natural gas provided by suppliers other than SDG&E but transported by SDG&E 
are classified “Transport Only,” like the DA customers under the electricity category.  


For power plants and co-generation plants in the San Diego region that primarily supply electricity to the 
grid, natural gas use is not included in the inventory of the jurisdiction where the plants are located. 
Rather, the emissions associated with this are captured in the electricity emissions allocated to 
jurisdictions based on the quantity of electricity used. For example, emissions from natural gas use at 
NRG’s Encina Power Station located in Carlsbad are not included in this category when calculating the 
emissions from natural gas use in Carlsbad. This is because the emissions at the power plants are 
already accounted for in the electricity category for individual jurisdictions. Working with an SDG&E 
account representative to identify the power generation facilities can be helpful when making calculations 
for an inventory. For some industrial and large commercial customers who have on-site electricity 
generation using natural gas for self-serve only, emissions from natural gas use are included in the 
natural gas category. Like the electricity category (Section 3.3), it is difficult to separate out the natural 
gas used for electricity generation or for heating/cooling purposes at customer premises; therefore, 
emissions from on-site natural gas burning are included in this category.  


Similar to the electricity category, due to data privacy rules, the data must be aggregated to at least the 
customer class level in order to be shared publicly in the GHG inventory report.  
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3.4.2 Natural gas emission factor 
The natural gas emission factor is based on the heat content of the fuel and the fuel’s CO2, CH4, and  
N2O emissions.  


Heat content of natural gas 
The natural gas heat content value used in this Appendix is from the CARB 2000-2013 statewide inventory 
with the original source from the EPA’s Mandatory Reporting of Greenhouse Gas Regulation (CARB, 2017). 
The heat content values for the last four years from the 2010-2015 statewide inventories are given in  
Table 8. Changes in the reported heat content from year to year are not significant, less than 1%. 


Table 8 Heat  content of  natura l gas del iver ies  
to  consumers – Cal i forn ia (2010-2015)  


Year Heat content 
(Btu/scf)* 


2010 1,026 
2011 1,022 
2012 1,025 
2013 1,029 
2014 1,028 
2015 1,028 
*scf=standard cubic feet 
Source: CARB 2017 


 
Natural gas greenhouse gas emissions 
Natural gas emissions from CO2, CH4, and N2O (grams/British thermal unit [g/btu]) used in this Appendix 
derive from the CARB statewide inventory, which is also consistent with the EPA GHG inventory 
(Table 9).  


Table 9 Natura l gas CO2, CH4 and N2O emissions  


Fuel CO2 Emissions 0.053 g/btu 
Fuel CH4 Emissions 1.0E-6 g/btu 
Fuel N2O Emissions 1.0E-7 g/btu 


Source: CARB 2017 
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Calculation of the natural gas emission factor 
The emission factor for natural gas is obtained by multiplying the fuel’s CO2, CH4 and N2O emissions by 
its heat content as shown in Equation 1.  


Equat ion 1 Natura l gas emission factor ca lculat ion 


𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁 = �(𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝐸𝐸𝐸𝐸𝑁𝑁𝐺𝐺𝑁𝑁 ∗ 𝐺𝐺𝐺𝐺𝐺𝐺𝑁𝑁𝐺𝐺𝑁𝑁)
𝑁𝑁𝐺𝐺𝑁𝑁


∗ 𝐺𝐺𝐻𝐻 ∗ 100 ∗ 10−6 


Where,  
𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁 = natural gas emission factor in metric tons CO2e per therm in a given year 
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝐸𝐸𝐸𝐸𝑁𝑁𝐺𝐺𝑁𝑁  = emission factor of a given GHG for natural gas (grams per btu) 
𝐺𝐺𝐺𝐺𝐺𝐺𝑁𝑁𝐺𝐺𝑁𝑁  = Global Warming Potential of a given GHG (unitless) 
HC = heat content of natural gas in a given year (btu per standard cubic foot) 
100 = conversion factor, standard cubic foot to therms 
10−6 = conversion factor, metric tons CO2e to grams 
  
With,  
GHG = [CO2, CH4 and N2O] 
  


For example, the natural gas emission factor in 2012 was 0.0054 MT CO2e/therm, as calculated in 
Equation 2. 


Equat ion 2 Example of  2012 natura l gas emission fac tor  ca lculat ion  


2012 𝑁𝑁𝑁𝑁𝑁𝑁𝑓𝑓𝑁𝑁𝑁𝑁𝑓𝑓 𝐺𝐺𝑁𝑁𝐸𝐸 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐸𝐸𝑁𝑁𝐹𝐹𝑁𝑁𝐸𝐸𝑁𝑁 �
𝑀𝑀𝑀𝑀 𝐻𝐻𝑂𝑂2𝑓𝑓
𝑁𝑁ℎ𝑓𝑓𝑁𝑁𝐸𝐸


�


= �
0.053 𝑔𝑔 𝐻𝐻𝑂𝑂2


𝑏𝑏𝑁𝑁𝑓𝑓
+


1𝐸𝐸 − 6 𝐻𝐻𝐺𝐺4 𝑔𝑔
𝑏𝑏𝑁𝑁𝑓𝑓


∗ 25 +
1𝐸𝐸 − 7 𝑁𝑁2𝑂𝑂 𝑔𝑔


𝑏𝑏𝑁𝑁𝑓𝑓
∗ 298� ∗  �


1,025 𝑏𝑏𝑁𝑁𝑓𝑓
𝐸𝐸𝐹𝐹𝑓𝑓


� ∗ �
100 𝐸𝐸𝐹𝐹𝑓𝑓
𝑁𝑁ℎ𝑓𝑓𝑁𝑁𝐸𝐸


�


∗ �
𝑀𝑀𝑀𝑀 𝐻𝐻𝑂𝑂2𝑓𝑓


106 𝑔𝑔 𝐻𝐻𝑂𝑂2𝑓𝑓
� = 0.0054 


𝑀𝑀𝑀𝑀 𝐻𝐻𝑂𝑂2𝑓𝑓
𝑁𝑁ℎ𝑓𝑓𝑁𝑁𝐸𝐸


 


3.4.3 Emissions calculation for natural gas category 
Total emissions from end-use natural gas use in a given year are estimated by multiplying natural gas 
consumption in each customer class with the natural gas emission factor (Equation 3). The sum of 
emissions from each customer class is the total emissions from natural gas category in the jurisdiction.  


Equat ion 3 Emission calculat ion for  natural  gas category  


𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁  =  � 𝑁𝑁𝐺𝐺 𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑐𝑐𝑠𝑠𝑠𝑠
𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑐𝑐𝑠𝑠𝑠𝑠


 ∗  𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁  


Where,  
𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁  = emissions from natural gas category in a given year (MT CO2e) 
𝑁𝑁𝐺𝐺𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑐𝑐𝑠𝑠𝑠𝑠 = natural gas use of a customer class in a given year (therms) 
𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁 = natural gas emission factor in a given year (metric tons CO2e per therm) 
  
With,  
customer class = [residential, commercial, industrial] 
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3.4.4 Limitations of method used to calculate 
emissions from the natural gas category 


Natural gas for electricity generation 
As discussed in the activity data collection section, the natural gas delivered to power plants and co-
generation plants primarily used for grid electricity supply is not included in this category. However, the 
co-generation plants may use or sell the excess heat output (the by-product of electricity generation) or 
use the electricity generated for other on-site facilities. Limited information is available to determine how 
much natural gas or excess heat output are consumed on-site. Some of the co-generation plants in the 
San Diego region are subject to the EPA or CARB mandatory GHG reporting program, but only the total 
GHG emissions at the facility-level are available. More detailed analysis is needed to develop a more 
accurate assessment of the emissions from these facilities. 


Out-of-boundary jurisdiction-owned facilities 
Similar to the limitations in collecting electricity use data, the natural gas data are limited to the customer 
addresses located within the jurisdiction’s boundary. The data do not include natural gas at out-of-
boundary jurisdiction-owned facilities, unless they have been identified and specially added to the energy 
data request.  


Emission factor updates 
The natural gas heat content is based on the characteristics of natural gas delivered to California 
customers. U.S. Energy Information Administration (EIA) updates the heat content monthly, including the 
historic value. The historic value used may not match the latest update of historic value or the latest 
updates of the CARB statewide inventory. The latest natural gas heat content from CARB statewide 
inventory is used for the emission factor calculation. 


3.5 GHG emissions from the on-road transportation category 


The GHG emissions from on-road transportation include the tailpipe emissions associated with VMT in 
the San Diego region from all vehicles, including passenger cars, light-duty trucks, heavy-duty trucks, 
buses, motorcycles, etc. The emissions calculation method is based on ‘TR.1 Emissions from Passenger 
Vehicles’ and ‘TR.2 Emissions from Freight and Service Trucks’ of the U.S Community Protocol using 
activity data (VMT) from SANDAG’s travel demand model and an emission factor (grams CO2e/VMT) 
based on the CARB mobile source emissions factor model (EMFAC).  


3.5.1 Activity – vehicle miles traveled 
In contrast with the activity data used for electricity and natural gas categories, activity data for the 
transportation category is modeled (not measured) based on the best available information regarding 
travel demand. The U.S. Community Protocol recommends jurisdictions use a regional travel demand 
model to capture trips that start (origin) or end (destination) within the boundary of the jurisdiction, as it 
recognizes that “local government cannot influence all passenger vehicle’s GHG emissions within city 
boundaries. As such, the recommended origin-destination method (using an assignment-based travel 
demand model) better captures a local government’s ability to affect passenger vehicles emissions” 
(ICLEI 2013, Appx. D p.8).  


In the San Diego region, SANDAG uses an activity-based model (ABM) to support development of the 
Regional Transportation Plan (RTP) and generate outputs related to the transportation system 
performance. Every three to five years, SANDAG produces the Regional Growth Forecast, a long-range 
forecast of population, housing, and employment growth for the San Diego region. SANDAG updates the 
ABM with inputs from the Regional Growth Forecast and performs various model calibrations with 
updated model inputs, parameters and software updates in between the model update years (SANDAG, 
2016). Each Regional Growth Forecast is named a new Series. The most recent forecast is the Series 13, 
2050 Regional Growth Forecast with a base year of 2012.  







ReCAP: Technical Appendix I 


G r e e n ho u se  Ga s  I nv e n t o r i e s ,  P r o j ec t i o ns ,  a n d  T a r ge t  S e l e c t i on  |  1 7  


SANDAG’s estimated Origin-Destination VMT (O-D VMT) are further separated into three types: Internal-
Internal (trips starting and ending in the jurisdiction boundary), Internal-External or External-Internal (trips 
either starting or ending in the jurisdiction boundary), and External-External (trips neither starting nor 
ending in the jurisdiction boundary). The method to allocate total VMT to each type is described in the 
SANDAG technical white paper, Vehicle Miles Traveled Calculations Using the SANDAG Regional Travel 
Demand Model, vetted and published by the Institute of Transportation Engineers. The method to allocate 
VMT described in the SANDAG technical white paper is consistent with the ICLEI-recommended method 
and is the recommended method for allocating VMT from SB375 Regional Target Advisory Committee 
(RTAC) to CARB (SANDAG, 2013).  


To determine VMT for inventories and projections, SANDAG provides jurisdiction-specific O-D VMT data 
for the base year and requested horizon year(s) depending upon the jurisdiction’s planning milestone 
years. In addition to the 2012 base year, the current forecast includes the horizon years of 2014, 2020, 
2025, 2030, 2035, 2040, 2045, and 2050. The base year VMT data most closely represent actual 
conditions. An example of the data provided by SANDAG for a jurisdiction is provided in Table 10. The 
VMT are provided in miles per weekday and captures all vehicle types.  


Table 10 Example of  a jur isd ict ion ’s  VMT by O-D 


SANDAG series 13 O-D VMT (mile/weekday) 


Trip type 2012 2014 2020 
Internal-Internal 241,151 249,320 241,621 
Internal-External/External-Internal 3,056,636 3,151,243 3,171,670 
External-External 596,264 627,807 620,610 


 
For Internal-Internal trips, all VMT are within the jurisdictional boundary. For Internal-External/External-
Internal trips, fifty (50) percent of the total VMT associated with the full trip lengths is allocated to a 
jurisdiction. All VMT associated with External-External trips are excluded as they represent the miles of 
pass-through trips. The trip types and VMT allocation method are provided Table 11 and illustrated in 
Figure 5. 


Table 11 O-D VMT al locat ion method 
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F igure 5 I l lustrat ion of  O-D tr ip  types and VMT al locat ion method 


 
 


As shown in Figure 5, the blue lines indicate the jurisdictional boundary, the green lines represent the 
miles counted, and the black dashed lines are the miles not counted. Using the O-D VMT method, half of 
the total VMT from internal-external or external-internal trips are included.  
The origin-destination VMT allocation method, illustrated using an original data table as provided by 
SANDAG, are given in Figure 6. 


Figure 6 I l lustrat ion of  O-D VMT al locat ion method wi th SANDAG data table 1 


 
 


As shown in Figure 6, all internal-internal trip miles are included in VMT calculations. For the internal-
external/external-internal trips, half of the entire trip miles within the San Diego region are included in 
VMT calculations, not just the portion of the trip miles within the jurisdictional boundary. None of the 
external-external trips are included in VMT calculations. Using the example above, the VMT calculation 
would be 241,151 (or 100% of internal-internal) plus 1,528,318 (or 50% of internal-external/external-
internal), equaling 1,769,469. 


This method of allocation is recommended in the U.S. Community Protocol, from the SB375 RTAC to 
CARB, and recognized in the SANDAG technical white paper, as discussed earlier. The previous version 
of the ICLEI community-wide protocol presented an alternative method to calculate VMT for a jurisdiction: 
the in-boundary method, or the “clipped” VMT method. This method was used by ICLEI to develop 2005 
GHG inventories for most jurisdictions in the San Diego region. This method is discussed in Section 4.3.  


                                                      
1 SANDAG’s original VMT data table was modified to remove the jurisdiction names.  
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The SANDAG VMT data are provided in miles per weekday, and the last steps to calculate total VMT for 
a community are to convert average weekday VMT to average daily VMT, then calculate annual VMT. 
The weekday to annual conversion factor is based on the conversion factor from average weekday to 
annual (347 weekdays to 365 days per year) described in the CARB statewide inventory technical 
support document (CARB, 2016). 


The annual VMT is calculated using Equation 4. 


Equat ion 4 Annual VMT calculat ion 


𝐴𝐴𝐸𝐸𝐸𝐸𝑓𝑓𝑁𝑁𝑓𝑓 𝑉𝑉𝑀𝑀𝑀𝑀 = � (𝑉𝑉𝑀𝑀𝑀𝑀𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠 𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒 ∗ 𝐴𝐴𝑓𝑓𝑓𝑓𝐸𝐸𝐹𝐹𝑁𝑁𝑁𝑁𝐸𝐸𝐸𝐸𝐸𝐸 𝐸𝐸𝑁𝑁𝐹𝐹𝑁𝑁𝐸𝐸𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠 𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒)
𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠 𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒


∗ 347 


Where,  
Annual VMT = annual VMT of a jurisdiction (miles/year) 
𝑉𝑉𝑀𝑀𝑀𝑀𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠 𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒 = VMT for a given trip type (miles/weekday) 
𝐴𝐴𝑓𝑓𝑓𝑓𝐸𝐸𝐹𝐹𝑁𝑁𝑁𝑁𝐸𝐸𝐸𝐸𝐸𝐸 𝐸𝐸𝑁𝑁𝐹𝐹𝑁𝑁𝐸𝐸𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠 𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒 = allocation factor using O-D Method of a given trip type (%) 
347 = conversion factor, weekday to annual 
With,  
trip type = [Internal-Internal, Internal-External/External-Internal, External-External] 


 
For example, using the VMT by trip type given in Table 10, the 2012 annual VMT for a sample jurisdiction 
are 614,005,743 miles, as calculated in Equation 5. 


Equat ion 5 Example of  a jur isd ict ion ’s  annual VMT calculat ion 


𝐴𝐴𝐸𝐸𝐸𝐸𝑓𝑓𝑁𝑁𝑓𝑓 𝑉𝑉𝑀𝑀𝑀𝑀 = � (𝑉𝑉𝑀𝑀𝑀𝑀𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠 𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒 ∗ 𝐴𝐴𝑓𝑓𝑓𝑓𝐸𝐸𝐹𝐹𝑁𝑁𝑁𝑁𝐸𝐸𝐸𝐸𝐸𝐸 𝐸𝐸𝑁𝑁𝐹𝐹𝑁𝑁𝐸𝐸𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠 𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒)
𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠 𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒


∗ 347


= �241,151
𝐸𝐸𝐸𝐸𝑓𝑓𝑓𝑓𝐸𝐸


𝑤𝑤𝑓𝑓𝑓𝑓𝑤𝑤𝑤𝑤𝑁𝑁𝑤𝑤
∗ 100% + 3,056,636


𝐸𝐸𝐸𝐸𝑓𝑓𝑓𝑓𝐸𝐸
𝑤𝑤𝑓𝑓𝑓𝑓𝑤𝑤𝑤𝑤𝑁𝑁𝑤𝑤


∗ 50% + 594,264
𝐸𝐸𝐸𝐸𝑓𝑓𝑓𝑓𝐸𝐸


𝑤𝑤𝑓𝑓𝑓𝑓𝑤𝑤𝑤𝑤𝑁𝑁𝑤𝑤
∗ 0%� ∗ 347


= 614,005,743
𝐸𝐸𝐸𝐸𝑓𝑓𝑓𝑓𝐸𝐸
𝑤𝑤𝑓𝑓𝑁𝑁𝑁𝑁


  


3.5.2 Average vehicle emission rate 
The average vehicle CO2 emission rate is derived from the statewide EMFAC mobile source emissions 
model developed by CARB and converted to CO2e using a conversion rate derived from the EPA.  


EMFAC CO2 emission rate 
The current version of EMFAC is EMFAC2014, adopted by CARB in 2015. The EMFAC model has 
undergone methodology and data source updates since its previous versions, EMFAC2007 and 
EMFAC2011. EMFAC2007 and EMFC2011 are the vehicle emission rate sources for most of the existing 
GHG inventories used by jurisdictions in the San Diego region.  


Table 12 represents the selections used to download emission rates output files from the EMFAC2014 
web database. The smallest geographic area selection in the database is the Metropolitan Planning 
Organization (MPO) or county level; therefore, EPIC uses the emission rate in the San Diego region for 
all jurisdictions in the region.   







ReCAP: Technical Appendix I 


G r e e n ho u se  Ga s  I nv e n t o r i e s ,  P r o j ec t i o ns ,  a n d  T a r ge t  S e l e c t i on  |  2 0  


Table 12 EMFAC2014 web database (v1.0.7) defaul t   
mode select ion for  emission rate output  


Category Selection 
Data type Emission rates 


Region MPO: SANDAG 
County: San Diego 


Calendar year Inventory year 
Season Annual 
Vehicle category EMFAC2011 categories (All) 
Model year Aggregated or all model years 
Speed  Aggregated 
Fuel All (gas, diesel, electric) 


 
The EMFAC2014 emissions rate output file includes running, start, and idling exhaust emissions rates  
for the criteria pollutants and CO2. To calculate the average vehicle CO2 emission rate, it is necessary to 
use the VMT distribution (also provided in the EMFAC output file) and the CO2 running exhaust emission 
rate (emissions from vehicle tailpipe while traveling on roads) for each type of vehicle category with each 
fuel type.  


CARB released the next model version, EMFAC2017, in December 2017 and is expected to get approval 
from EPA in 2018. EMFAC2017 includes a GHG module that provides GHG emission estimates directly, 
including CO2, CH4 and N2O, assuming complete combustion of the fuel (all carbon content of the fuel is 
converted to CO2) and CH4 and N2O emission rates based on CARB vehicle testing data. No off-model 
CO2 to CO2e conversion (discussed in the following Section 3.5.2.2) will be needed once EMFAC2017 is 
approved and used for estimating emissions from on-road transportation.  


EPIC is developing a Technical Working Paper, “Estimating a Greenhouse Gas Emission Rate for Miles 
Driven: A Method for Climate Action Planning,” which will include comparisons of the model versions and 
more details on estimating the average vehicle emission rate for GHG inventories and projections. 


EPA CO2 to CO2e conversion factor 
On-road transportation also produces CH4 and N2O emissions. EMFAC2014 does not provide CH4 and 
N2O exhaust emissions. Therefore, the CO2 emission rate is converted to a CO2e emission rate that 
includes both CH4 and N2O emissions. The conversion factor is based on the EPA GHG Emissions 
Inventory. The latest EPA GHG Inventory provides CH4 and N2O emissions for fossil fuel combustion in 
on-road vehicles and off-road equipment. Only the on-road CH4 and N2O emissions are used, and all fuel 
types (gasoline, diesel, and alternative fuels) are included. The CH4 and N2O emissions are converted to 
CO2e using the associated GWPs given in Table 4. Sources and methods are updated in each iteration of 
the U.S. GHG Emission Inventory. The CO2, CH4, and N2O emissions of the same year vary slightly in 
each updated version. EPIC uses an average of the CO2e to CO2 emissions ratio from the most recent 
three years as the conversion factor. This conversion factor is currently 1.01. 


Table 13 CO2, CH4,  and N2O emiss ions f rom on-road  
mobi le combust ion in U.S.  (2012-2014)  


Calendar year CO2 emissions 
(MMT CO2e) 


CH4 
emissions 


(MMT CO2e) 


N2O 
emissions 


(MMT CO2e) 


Total 
emissions 


(MMT CO2e) 
CO2e to 


CO2 ratio 


2012 1,613 1.6 14.5 1,629 1.01 
2013 1,628 1.6 14.5 1,645 1.01 
2014 1,656 1.4 12.6 1,671 1.01 


Average 1.01 
MMT – million metric tons 
Source: EPA 2016 
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Average vehicle CO2e emission rate for the San Diego region 
The average vehicle GHG emissions rate, or the combination of the conversion factor and the average 
vehicle CO2 emission rate, can be calculated in terms of CO2e according to Equation 6. 


Equat ion 6 Average vehic le CO2e emission rate calculat ion (San Diego region)  


𝐻𝐻𝑂𝑂2𝑓𝑓 𝐸𝐸𝑅𝑅𝑐𝑐𝑎𝑎𝑒𝑒 = � (𝑉𝑉𝑀𝑀𝑀𝑀 𝐷𝐷𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒,𝑓𝑓𝑠𝑠𝑒𝑒𝑒𝑒 ∗  𝐻𝐻𝑂𝑂2 𝑅𝑅𝑅𝑅𝑁𝑁𝐸𝐸𝑅𝑅𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒,𝑓𝑓𝑠𝑠𝑒𝑒𝑒𝑒
𝑒𝑒𝑒𝑒𝑐𝑐𝑠𝑠𝑠𝑠,𝑓𝑓𝑠𝑠𝑒𝑒𝑒𝑒


) ∗ 1.01 


Where,  


𝐻𝐻𝑂𝑂2 𝑓𝑓𝐸𝐸𝑅𝑅𝑐𝑐𝑎𝑎𝑒𝑒 
= average vehicle CO2 emission rate of all vehicle classes and fuel types in 
the region (grams CO2e per mile) 


𝑉𝑉𝑀𝑀𝑀𝑀 𝐷𝐷𝐸𝐸𝐸𝐸𝑁𝑁𝑁𝑁𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒 𝑓𝑓𝑠𝑠𝑒𝑒𝑒𝑒 
=VMT of a given vehicle class with a given fuel out of total VMT in the 
San Diego region (%) 


𝐻𝐻𝑂𝑂2 𝑅𝑅𝑅𝑅𝑁𝑁𝐸𝐸𝑅𝑅𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒 𝑓𝑓𝑠𝑠𝑒𝑒𝑒𝑒 
= CO2 running exhaust emissions of a given vehicle with a given fuel (grams 
CO2 per mile) 


1.01 = Conversion factor from CO2 to CO2e 


With, 


𝐻𝐻𝑓𝑓𝑁𝑁𝐸𝐸𝐸𝐸 = [EMFAC2011 Categories, EMFAC2014 Technical Documentation Table 
6.1] 


𝐸𝐸𝑓𝑓𝑓𝑓𝑓𝑓 = [Gas, Diesel, Electric] 
Using Equation 6 above, the San Diego region’s average vehicle emission rates from 2012 to 2015 are 
given in Table 14. 


Table 14 Average vehic le emiss ion rate (2012-2015) for  the San Diego region 


Year Average vehicle emission factor 
(gram CO2e/mile) 


2012 483 
2013 476 
2014 468 
2015 457 


Source: CARB, EPIC 2016 


3.5.3 Emissions calculation for on-road transportation category 
Total emissions from the on-road transportation category are estimated by multiplying the average vehicle 
emission rate in the San Diego region with the jurisdiction’s annual VMT in a given year, as shown in 
Equation 7.  


Equat ion 7 Emission calculat ion for  on-road transportat ion category  


𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑒𝑒𝑒𝑒𝑐𝑐𝑡𝑡𝑠𝑠𝑠𝑠 = 𝑁𝑁𝐸𝐸𝐸𝐸𝑓𝑓𝑁𝑁𝑓𝑓 𝑉𝑉𝑀𝑀𝑀𝑀 ∗  𝐻𝐻𝑂𝑂2𝑓𝑓 𝐸𝐸𝑅𝑅𝑐𝑐𝑎𝑎𝑒𝑒 ∗ 10−6  
Where,  
𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑒𝑒𝑒𝑒𝑐𝑐𝑡𝑡𝑠𝑠𝑠𝑠 = emissions from on-road transportation category in a given year 


(MT CO2e) 
𝑁𝑁𝐸𝐸𝐸𝐸𝑓𝑓𝑁𝑁𝑓𝑓 𝑉𝑉𝑀𝑀𝑀𝑀 = annual VMT of a jurisdiction (miles/year) 
𝐻𝐻𝑂𝑂2𝑓𝑓 𝐸𝐸𝑅𝑅𝑐𝑐𝑎𝑎𝑒𝑒 = average vehicle CO2e emission rate of all vehicle classes and fuel 


types in the region (grams CO2e per mile) 
10−6 = conversion factor, MT per gram CO2e 


Using the example of the annual VMT from Equation 5, the annual on-road transportation emissions are 
260,127 MT CO2e as calculated in Equation 8.   
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Equat ion 8 Example of  annual on- road transpor tat ion emiss ion calculat ion 


𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑒𝑒𝑒𝑒𝑐𝑐𝑡𝑡𝑠𝑠𝑠𝑠 = 𝑁𝑁𝐸𝐸𝐸𝐸𝑓𝑓𝑁𝑁𝑓𝑓 𝑉𝑉𝑀𝑀𝑀𝑀 ∗  𝐻𝐻𝑂𝑂2𝑓𝑓 𝐸𝐸𝑅𝑅𝑐𝑐𝑎𝑎𝑒𝑒 ∗ 10−6


= 614,005,743
𝐸𝐸𝐸𝐸𝑓𝑓𝑓𝑓𝐸𝐸
𝑤𝑤𝑓𝑓𝑁𝑁𝑁𝑁


∗ 483
𝑔𝑔 𝐻𝐻𝑂𝑂2𝑓𝑓
𝐸𝐸𝐸𝐸𝑓𝑓𝑓𝑓


∗  10−6
𝑀𝑀𝑀𝑀 𝐻𝐻𝑂𝑂2𝑓𝑓
𝑔𝑔 𝐻𝐻𝑂𝑂2𝑓𝑓


= 296,565 𝑀𝑀𝑀𝑀 𝐻𝐻𝑂𝑂2𝑓𝑓  


3.5.4 Limitations of method used to calculate 
emissions from on-road transportation 


Travel demand model updates 
As discussed in the activity data collection (Section 3.5.1), SANDAG updates the regional travel demand 
model for each RTP update approximately every four years.  


Due to the model and data sources updates, it is not feasible to re-calibrate VMT data for years prior to a 
newer version’s base year. For example, for jurisdictions in the region using 2005 or 2010 as the CAP 
baseline year, the VMT data for the CAP baseline years are from previous versions of the travel demand 
model. Additionally, due to the model and data sources updates, VMT data cannot be compared across 
versions for the same year. SANDAG has switched from four-step transportation model to activity-based 
model starting with Series 13. The projected 2012 VMT data from Series 12 cannot be compared with the 
2012 VMT data from Series 13. More discussion on VMT comparison is in Section 4.3.  


Use of state model for the San Diego region  
While the VMT data are specifically tailored to each jurisdiction in the San Diego region, the average 
vehicle emission rate for the San Diego region is used for all jurisdictions. This value includes the 
embedded assumptions in the EMFAC model, such as the regional VMT distribution of each vehicle class 
and alternative-fueled vehicle (AFV) sales in the region. The assumptions in EMFAC may not match the 
actual conditions in the region or in a particular jurisdiction. For example, if a jurisdiction has more AFV 
sales, including electric vehicle sales, than the EMFAC model assumptions for the whole region, the 
regional emission factor may be an overestimate for the jurisdiction.  


Additionally, the average vehicle emission rate used in this Appendix is based on the VMT distribution of 
each vehicle category in the EMFAC model for the San Diego region and the emission factor for each 
vehicle category. In the EMFAC2011 model, the VMT inputs for the San Diego region were provided by 
SANDAG to CARB, so that the original source of VMT and emission factor were consistent. In 
EMFAC2014, the VMT inputs were estimates by CARB based on fuel sale data from the State Board of 
Equalization, vehicle populations, and odometer data from the Department of Motor Vehicles. Depending 
on the difference between the models and inputs, the VMT distribution in the EMFAC model may not be 
consistent with the VMT data in SANDAG’s travel demand model. In addition, VMT data for the 
San Diego region from versions of the EMFAC model also show differences. 


3.6 GHG emissions from the water category 


Emissions from water use in a jurisdiction arise from the energy required to move water from origin 
sources to end-use customers, including upstream supply and conveyance, water treatment, and water 
distribution, as shown in Figure 7. The energy required to move water is primarily electricity but may 
include natural gas or other fuels.  
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F igure 7 Segments of  the water  cyc le (CEC, 2005)  


 
Method ‘WW.14 Energy-related Emissions Associated with Water Delivery and Treatment’ of the U.S 
Community Protocol is used to estimate the GHG emissions from water use, with regional or 
jurisdictionally-specific data sources described in the following sections. Emissions from water end-use, 
including water heating and cooling at homes and businesses, are included in the electricity and natural 
gas categories rather than in the water category.  


3.6.1 Overview of the water system in the San Diego region 
The San Diego County Water Authority (SDCWA) is the water wholesaler for the San Diego region. It 
serves 95% of the population in the San Diego region through its 24 member agencies. Each member 
agency purchases treated and/or untreated water from SDCWA. The rest of the water supply is from local 
sources, including surface water, ground water, and recycled water. The service area of a SDCWA 
member agency may cover part of a jurisdiction, a single jurisdiction, or parts of several jurisdictions in the 
San Diego region, as shown in Figure 8.  
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F igure 8 Service area map of  SDCW A member agenc ies (SanGIS, EPIC 2015)  


 
Not all SDCWA member agencies have their own water treatment plants (WTPs). Member agencies that 
do not have WTPs purchase treated water from other member agencies or from SDCWA. For example, 
both the Cities of San Diego and Del Mar are member agencies of the SDCWA, but the City of San Diego 
provides water treatment service for the City of Del Mar.  


For jurisdictions (or parts of jurisdictions) not covered by SDCWA member agencies, such as the City of 
Imperial Beach, the City of Coronado, or eastern parts of the unincorporated County of San Diego, water 
services are provided by private water companies and/or small community water systems. For example, 
the California American Water Company (CalAM) serves the Cities of Imperial Beach and Coronado  
with water purchases from the City of San Diego. Eastern parts of the unincorporated County of 
San Diego are primarily covered by small community water systems and private groundwater wells at 
residents’ premises.  


3.6.2 Activity – water use 
Potable water 
Potable water use data for a jurisdiction are provided by a jurisdiction’s public utility department, or by 
SDCWA member agencies that supply the water for the jurisdiction, upon request. The source of water 
and where the water is treated are two key factors in the GHG emission calculation for the water 
category. Therefore, in addition to the water delivered, the water production information for the water 
agency’s entire service area (amount of water purchased by the member agency from each source) is 
also requested and collected. Water use data are collected in the following format (Table 15) for the 
inventory year, with the blank cells to be filled by the jurisdiction or water agency. The frequency and 
timing of data availability can be different for different water agencies.  
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Table 15 Example of  water  use data requests  ( for  a  
jur isd ict ion,  f rom a SDCW A member agency)  


Annual potable water delivery to jurisdiction 


Jurisdiction 1 million gallons or acre feet 
Total water delivered  


Annual potable water production of entire service area 


Water source million gallons or acre feet 
SDCWA treated water  
SDCWA untreated water  
Local surface water  
Local ground water  


 
One water agency serving multiple jurisdictions may indicate that it is not possible to separate out 
customers or water meter locations by jurisdiction in its entire service area. It is also possible that a water 
agency may not track water delivery data by jurisdiction. In this case, the water production in the entire 
service area is allocated by the population of each jurisdiction served by the agency.  


Recycled water 
Recycled water or reclaimed water that does not meet drinking water standards can still be used for some 
agriculture, landscape and golf course irrigation use, or power plant cooling use. Recycled water reduces 
the demand for potable water. Recycled water is treated at wastewater treatment plants (WWTPs) and/or 
Water Reclamation Facilities (WRFs) with tertiary or advanced treatment. Examples of these plants in the 
region are the San Elijo Water Reclamation Facility, which provides recycled water in North San Diego 
County, and the North City Water Reclamation Plant in City of San Diego. Like potable water data, the 
recycled water use data are collected in the format shown in Table 16 for the inventory year, with the 
blank cells to be filled by the jurisdiction or water agency. 


Table 16 Example of  recycled water use data  


Annual recycled water delivery to jurisdiction 


Total water delivered (million gallon or acre foot) 
Recycled water production facility 


  







ReCAP: Technical Appendix I 


G r e e n ho u se  Ga s  I nv e n t o r i e s ,  P r o j ec t i o ns ,  a n d  T a r ge t  S e l e c t i on  |  2 6  


3.6.3 Energy intensity of water 
One component of the water emission factor is the energy intensity, or energy needed to move one unit of 
water through each segment of the water system, expressed in kWh per acre foot (kWh/AF) or 
kWh/million gallons. Each of the water sources described in the activity data section above goes through 
different segments of the water system, as shown in Figure 9 below. Therefore, different energy 
intensities are applied to each water source.  


Figure 9 W ater sources and assoc iated segments of  the water  supply sys tem 


 
 
The total energy intensity used to calculate GHG emissions from the water category comprises an 
upstream energy intensity value and a local energy intensity value. 


Upstream energy intensity 
The upstream energy use in Figure 9 refers to the energy needed to move water from the original sources 
to the SDCWA member agency’s service area, or the first delivery point in the service area. For example, 
untreated water could be sent to the SDCWA member agency’s reservoir, or treated water could be sent 
directly to the member agency’s distribution system pipelines.  


Water suppliers have begun to voluntarily report the energy intensity in their service areas in an Urban 
Water Management Plan (UWMP). SDCWA’s and Metropolitan Water District’s (MWD’s) 2015 UWMP 
voluntary energy intensity reporting is used to calculate the upstream supply energy intensity for 
SDCWA’s member agencies. The energy intensity based on the average of fiscal years 2013 and 2014 is 
shown in Table 17.  
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Table 17 Components of  average upstream energy  
intens i ty for  SDCW A member agenc ies 


Water system segment 
FY 2013 and 2014 
average energy 


intensity (kWh/AF) 
Data source 


MWD delivered untreated* 1,817 MWD UWMP 2015 Appendix 9 
SDCWA conveyance** -62 SDCWA UWMP 2015 Appendix K 
SDCWA untreated subtotal 1,755  
SDCWA treatment 60 SDCWA UWMP 2015 Appendix K 
SDCWA distribution*** 1.1 SDCWA UWMP 2015 Appendix K 
SDCWA treated total 1,816  
*Includes conveyance from the State Water Project & Colorado River water to MWD’s 
distribution system, and distribution from MWD to MWD’s member agencies  
**Conveyance of raw water supplies to the water treatment plants or to member agency 
connections (negative value means hydro-electric generation by SDCWA) 
*** Distribution of treated water from SDCWA’s Twin Oaks water treatment plant to SDCWA’s 
member agencies 
“Upstream” refers to moving water from the original source to SDCWA’s member agency’s 
service area or first connection point 


 
Local energy intensity 
Local energy intensity refers to the energy needed to treat and move (or distribute) water within the water 
agency’s service area. Local energy intensity depends on the water sources, the treatment level, 
capacity, and efficiency of the associated water treatment plant. For example, brackish groundwater 
requires advanced treatment, such as reverse osmosis, to remove the salinity in the water, so its 
treatment has higher energy use than treating surface water with conventional treatment methods. Local 
distribution energy intensity depends on the service area’s geological conditions, such as the elevation 
the water is pumped to/from and the pump station’s energy efficiency. For some agencies, the water 
delivered to the service area is already under pressure and the distribution system is gravity-fed; 
therefore, no energy is required for local distribution.  


Each water agency’s service area conditions are different and limited data are available on local energy 
intensity. Funded by a grant from The San Diego Foundation, EPIC is currently working with SDCWA 
member agencies to develop local energy intensity values for up to nine jurisdictions in the San Diego 
region. The results are expected to be released in mid 2018. The following is an example of a local 
energy intensity calculation using the City of San Diego’s 2015 UWMP voluntary energy intensity data. 
The local energy intensity for other agencies in the San Diego region may be considerably different from 
the City of San Diego’s.  


The City of San Diego’s Public Utility Department (SDPUD) manages the City’s water system. In its 2015 
UWMP, detailed energy intensities for fiscal year 2015 are reported for each segment of the water 
system. A local energy intensity value for each water source is determined by combining these energy 
intensity values with the water source descriptions in Figure 9. Table 18 shows the reported local energy 
intensities for potable water and Table 19 shows the reported local energy intensities for recycled water.  
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Table 18 Example of  potable water  local energy  
intens i ty (City of  San Diego, 2015)  


Segment of water system 


Energy 
intensity 
(KWh/AF, 
FY 2015) 


SDCWA 
treated 


SDCWA 
untreated 


Local 
surface 


Local 
ground 


SDPUD groundwater extraction 279.4     


SDPUD placed into storage 55.9     


SDPUD conveyance 2.5     


SDPUD treatment 24.4     


SDPUD distribution 42.8     


Total local intensity for each source 43 67 126 349 
SDPUD = City of San Diego Public Utilities Department 
Only the electricity purchased from SDG&E (net energy) is included, on-site renewable 
generation at water treatment plants is not included. Source: SDPUD Urban Water 
Management Plan 2015 


 


Table 19 Example of  recycled water energy in tens ity (Ci ty of  San Diego, 2015)  


Segment of water system Energy intensity  
(kWh/AF, FY 2015) 


SDPUD recycled water treatment  0.2 
SDPUD recycled water distribution 37.7 
Recycled water total 38 
SDPUD = City of San Diego Public Utilities Department 
Recycled water treatment energy intensity (tertiary treatment) is in addition 
to wastewater treatment. Source: SDPUD Urban Water Management  
Plan 2015 


3.6.4 Electricity emission factor associated with water energy intensity 
To convert the energy intensity of water (kWh/AF or kWh/million gallons) to GHG emissions per unit of 
water, the electricity emission factor associated with the energy use is applied. For upstream energy use, 
a California-wide average emission factor from EPA eGRID is applied. For local energy use, either the 
SDG&E electricity emission factor or the DA emission factor is applied. The methods to estimate the 
emission factors are described in Section 3.3.  


3.6.5 Emission calculation for water category 
Based on the water sources, energy intensities, and electricity emission factors, the emissions from the 
water category are calculated using Equation 9 below.  


  







ReCAP: Technical Appendix I 


G r e e n ho u se  Ga s  I nv e n t o r i e s ,  P r o j ec t i o ns ,  a n d  T a r ge t  S e l e c t i on  |  2 9  


Equat ion 9 Emission calculat ion for  water category 


𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑤𝑤𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒  =  � (𝐺𝐺𝑠𝑠𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒 ∗ 𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒,𝑠𝑠𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 ∗ 𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒,𝑠𝑠𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 ∗  10−3) ∗ 0.000453
𝑠𝑠𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒,𝑠𝑠𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒


 


Where,  
𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑤𝑤𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒 = emissions from water category in a given year (MT CO2e) 
𝐺𝐺𝑠𝑠𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒 = annual water delivered to a jurisdiction in a given year (acre foot or gallon) 
𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒,𝑠𝑠𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 = energy intensity of a water source at a segment of the water system 


(kWh/acre foot or kWh/gallon) 
𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒,𝑠𝑠𝑒𝑒𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 = electricity emission factor of a water source at a segment of the water 


system (lbs CO2e/MWh) 
10−3 = conversion factor, kWh to MWh 
0.000453 = conversion factor, metric tons CO2e in a pound 
  
With,  
source = [SDCWA treated, SDCWA untreated, local surface water, local 


groundwater, recycled water] 
segment = [upstream supply, local conveyance, local treatment, local distribution, 


local recycled water treatment, local recycled water distribution] 


3.6.6 Method to avoid double-counting emissions related to electricity category 
For some jurisdictions, the water treatment plants, groundwater extraction wells, and/or recycled water 
reclamation facilities are within the jurisdictional boundary; therefore, the electricity and emissions 
associated with those facilities are already included in the electricity category. For example, the 
Escondido-Vista Water Treatment Plant (WTP) that treats purchased raw water from SDCWA for the City 
of Escondido and Vista Irrigation District is located in the City of Escondido. The electricity used at this 
plant is part of the electricity use in Escondido. To avoid double counting, the electricity use and 
associated emissions at the Escondido–Vista WTP to treat potable water for the City of Escondido is 
removed from the electricity category. For example, if half of the water treated at the Escondido-Vista 
WTP were for the City of Escondido’s customers, 50% of the electricity use at the plant would be removed 
from Escondido’s GHG inventory electricity category.  


Similarly, all local distribution electricity use and emissions are captured in the electricity category. As 
these emissions are included in the water category they must be subtracted from the electricity category.  


The following process (Table 20) is used to determine the amount of electricity and associated emissions 
that must be subtracted from the electricity category. This process describes each water source, 
segment, and facility that is considered.   
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Table 20 Process to avoid double-count ing water- re lated  
emissions assoc iated wi th the e lectr ic i t y category  


Potable water 


Is the water treatment plant within the jurisdictional boundary?  Y/N 
Is SDCWA raw water treated in-boundary? Y/N 
% SDCWA raw water treated in-boundary 0-100% 
Is the surface water treated in-boundary? Y/N 
% surface water treated in-boundary 0-100% 
Is the groundwater extracted in-boundary? Y/N 
% groundwater extracted in-boundary 0-100% 
Is the groundwater treated? Y/N 
% groundwater undergoing treatment? 0-100% 
Is the groundwater treated in-boundary? Y/N 
% groundwater treated in-boundary? 0-100% 


Recycled water 


Is the recycled water treated at WWTPs in-boundary? Y/N 
% recycled water from WWTP in-boundary? 0-100% 


3.6.7 Limitations of method used to calculate emissions from water 
One water agency serving multiple jurisdictions 
As discussed in the data collection section, it can be difficult to determine water delivery by jurisdiction if 
one water agency serves several jurisdictions. Agencies may track water pumping energy use at different 
pressure zones that serve different jurisdictions, and they may use the percentage of energy allocated for 
this purpose to assign water delivery amounts. Sometimes, one water agency serving multiple 
jurisdictions may not be able to separate out customers or water meter locations by jurisdiction for its 
entire service area. They may also not track water delivery data by jurisdiction. In this case, water 
production in the entire service area may be allocated by population for each jurisdiction served by the 
agency. However, allocating water use by population may not be representative for certain jurisdictions. 
This is because per capita water use can vary considerably. For example, if the jurisdiction is agriculture-
heavy, using a per capita value may under-represent the jurisdiction’s water use. 


Emission factor calculation 
Unlike the energy or on-road transportation category, limited data are available on energy intensity for the 
water category. In the past, the CEC’s embedded energy in water studies were used to estimate 
upstream water emissions. These studies included an estimate for Southern California upstream supply 
and conveyance energy intensity of 3,169 kWh/AF or 9,727 kWh/million gallons (CEC, 2005) much higher 
than the 2013-2014 data from SDCWA and MWD UWMPs (see Table 17 above). The energy intensity 
factor depends on the water source mix (the percentage of water production from each source), which 
varies widely depending on weather and climate conditions. The average of 2013 and 2014 energy 
intensities may not be representative for other years. Additionally, at the end of 2015, the Carlsbad 
Desalination Plant began providing water as part of SDCWA’s treated water supply. Desalination is an 
energy-intensive water treatment process and not included in the 2013 and 2014 average energy 
intensity in SDCWA’S UWMP. This may result in higher energy intensity and emissions from the water 
category in inventories for 2015 and beyond.   
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3.7 GHG emissions from the wastewater category 


Unlike the water category, in which the GHG emissions are from the energy used to move and treat 
water, the wastewater-related GHG emissions include “process, stationary and fugitive GHG emissions,” 
as described in U.S Community Protocol ‘WW.1 – WW.14.’ 


The following sections provide an overview of the wastewater collection system in the San Diego region 
and describes the methods used to collect wastewater generation data and calculate GHG emissions 
from wastewater. 


3.7.1 Overview of the wastewater collection system in the San Diego region 
In the San Diego region, most wastewater from end-use is collected by different agencies, conveyed to 
centralized wastewater treatment plants (WWTPs) or water reclamation facilities (WRFs), and discharged 
as shown in Figure 10. 


Figure 10 W ater and wastewater  sys tem (CEC, 2005)  


 
 
The following are examples of the collecting agencies in the San Diego region that manage the 
wastewater collection system, including pipelines and pump stations (Figure 11). 


Figure 11 Types of  wastewater col lec t ion agenc ies in the San Diego region 
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The Program Environmental Impact Report (PEIR) for San Diego Forward: The Regional Plan (Regional 
Plan EIR) includes a list of wastewater collection agencies and their collection systems (SANDAG, 2015). 
Similar to the relationship between jurisdictions and water delivery agencies, one wastewater collection 
agency may cover all or part of one, or more than one jurisdiction. For the SDCWA member agencies that 
provide both water and wastewater services, the service areas may be different. For example, Vallecito 
Water District’s wastewater service area is smaller than its water service area.  


Some collecting agencies own and operate one or multiple WWTPs or WRFs, as do most of the collecting 
agencies in the eastern San Diego region. For example, Valley Center Municipal Water District (Valley 
Center MWD) collects wastewater in the Hidden Meadows and Valley Center communities of the 
unincorporated County of San Diego. The wastewater collected is treated at the Valley Center 
MWD-owned Lower Canyon Moosa WRF and Woods Valley Ranch WRF (Valley Center MWD, 2016). 
The Regional Plan EIR also includes a list of wastewater agencies that have wastewater treatment 
facilities. There are a total of 32 existing and planned wastewater treatment facilities, including those with 
recycled water treatment capability (SANDAG, 2015).  


Agencies that do not have treatment facilities convey the wastewater to other centralized WWTPs or 
WRFs. For example, the City of San Diego operates the Metropolitan Sewerage System, which includes 
one WWTP (Point Loma WWTP) and two WRFs (North City WRF and South Bay WRF) that provide 
wastewater treatment, discharge, and recycled water services for the City of San Diego and 15 other 
cities and collecting agencies. Similarly, the Encina Wastewater Authority and San Elijo Joint Powers 
Authority provide wastewater treatment, discharge, and recycling water services for the jurisdictions and 
collecting agencies in the northern San Diego region. The service areas covered by the Metropolitan 
Sewerage System and Encina Wastewater Authority are shown in Figure 12 as examples. 


Figure 12 Service area of  San Diego Metropol i tan Sewerage 
System and Enc ina Wastewater  Author i ty 


 
 
Not all areas in the San Diego region are covered by a centralized wastewater collection and treatment 
system. In some rural areas in the San Diego region, wastewater treatment occurs through on-site  
septic systems.   
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3.7.2 Activity – wastewater generation 
Wastewater generation for a specific jurisdiction is requested from the collecting agency to identify 
wastewater amount collected, treatment facility type, and treatment process for each of the wastewater 
collection facilities. Table 21 is an example data request form for a collecting agency on behalf of a 
jurisdiction, with the blank cells to be filled by the agency. 


Table 21 Example of  wastewater data request ( for   
a jur isd ic t ion,  f rom a col lec t ing agency)  


Collecting agency 1 


Total wastewater collected from Jurisdiction 1  
(average MGD – million gallons per day, or million gallon/year) 
Total population served in Jurisdiction 1: 
Name of wastewater treatment facility: 
Treatment process (primary, secondary, tertiary): 
Does the facility have Anaerobic Digester? 


3.7.3 Wastewater emission factor 
The wastewater emission factor depends on the treatment processes. Treatment levels and processes 
vary by WWTP. A centralized, conventional WWTP or WRF includes aerobic systems to degrade 
dissolved organics. Additional treatment includes nitrification/denitrification to oxidize or remove 
nitrogenous waste, anaerobic digestion to degrade organics to produce digester gas, and combustion of 
digester gas. A decentralized wastewater treatment system, such as a septic system, only includes 
physical settling and biological activities without other processes typically used at a centralized WWTP  
or WRF.  


Wastewater emission factor at conventional  
WWTP or WRF with anaerobic digestion 
This section describes the stationary emissions from the combustion of digester gas, following method 
‘WW.1 – WW.3 Stationary CH4, N2O and CO2 Emissions from Combustion of Digester Gas’ of the U.S 
Community Protocol. In general, conventional WWTPs have secondary treatment, while some WRFs 
have tertiary treatment that treats wastewater to recycled water level standards. Point Loma WWTP, the 
largest WWTP in the San Diego region with a capacity of 240 million gallons per day (MGD), has only 
primary treatment. It is operated by City of San Diego but treats wastewater from ten jurisdictions and 
three wastewater agencies in the San Diego region. Point Loma WWTP has anaerobic digesters that 
capture digester gas to run an on-site co-generation system to produce renewable electricity for the 
facility and send excess electricity to the grid. The emission factor at Point Loma WWTP is calculated 
using Equation 10 below. 


Equat ion 10 Emission fac tor ca lculat ion for  Point  Loma WWTP 


𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊  =
𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊


𝐺𝐺𝑁𝑁𝐸𝐸𝑁𝑁𝑓𝑓𝑤𝑤𝑁𝑁𝑁𝑁𝑓𝑓𝑁𝑁 𝐸𝐸𝑓𝑓𝐸𝐸𝑤𝑤𝑠𝑠𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
 


Where  
𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = emission factor at Point Loma WWTP in a given year  


(MT CO2e/million gallon) 
𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = Total GHG emissions from Point Loma WWTP, in MT CO2e, 


based on facility’s annual CARB mandatory GHG reporting 
𝐺𝐺𝑁𝑁𝐸𝐸𝑁𝑁𝑓𝑓𝑤𝑤𝑁𝑁𝑁𝑁𝑓𝑓𝑁𝑁 𝐸𝐸𝑓𝑓𝐸𝐸𝑤𝑤𝑠𝑠𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒 𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = Total wastewater treated at Point Loma WWTP, in million 


gallons, based on facility’s annual report 
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The Point Loma WWTP emission factor comprises the following three emissions components: 


• Direct CO2 from combustion of anaerobic digester gas 


• CH4 and N2O emissions from digester gas combustion 


• Operational fossil fuel emissions from complete combustion 


The direct CO2 from combustion of anaerobic digester gas is considered biogenic, while the other two 
components of CO2 emissions are considered non-biogenic emissions. In 2015, 99% of the GHG 
emissions from the Point Loma WWTP were biogenic based on its CARB Regulation for the Mandatory 
Reporting of GHG Emissions (MRR). Biogenic CO2 is part of the short-term carbon cycle and reported 
separately from the GHG inventory in the statewide inventory. Using Equation 10, the emission factors 
from 2010 to 2015 are given in Table 22. 


Table 22 W astewater  emiss ion factors at Point Loma WWTP (2010-2015)  


Year 
Flow  


(million 
gallons/year) 


Total emissions 
(metric tons CO2e – 
non-biogenic and 


biogenic) 


Emission factor 
(MT CO2e/million 


gallon) 


2010 57,165 75,083 1.31 
2011 56,852 21,360 0.38 
2012 54,157 22,178 0.41 
2013 52,470 20,045 0.38 
2014 50,815 22,888 0.45 
2015 48,034 21,092 0.44 


The MRR reporting method changed after 2010, which is the reason for the lower emission 
factors after 2010. The change is not due to technology changes at the facility 
Source: CARB, City of San Diego, EPIC 2017 


 
For other WWTPs or WRFs that have secondary treatment with anaerobic digestion, limited data are available on the emissions from 
digester gas combustion. The 2013 emission factor for the Encina Wastewater Pollution Control Facility (Encina WPCF) of 1.37 MT 
CO2e/million gallons (with 11,359 MT CO2e from 8,317 million gallons wastewater treated) is used as a proxy for other WWTPs with similar 
treatment processes (Encina WPCF, personal communication, 2015).  


 


Wastewater emission factor at conventional  
WWTP or WRF without anaerobic digestion  
For centralized WWTPs or WRFs with no anaerobic digesters and only aerobic processes, process 
emissions are estimated based on ‘WW.7 Process N2O Emission with Nitrification/Denitrification’ or 
‘WW.8 Process N2O Emission without Nitrification/Denitrification,’ fugitive emissions are estimated based 
on ‘WW.12 N2O emissions from effluent discharge’ from the U.S. Community Protocol. Population served 
by the treatment facilities and the average nitrogen per person (grams N2O/person equivalent) are 
needed to estimate the emissions. The calculation methods are described in Equation 12. 


Many of the WWTPs or WRFs without anaerobic digestion are located in and serving communities in the 
unincorporated County of San Diego. Limited information is available on the specific treatment processes 
of these wastewater treatment facilities. One source of this information is from the facilities’ inspection 
reports that are submitted to the California Regional Water Quality Control Board (CRWQCB). The 
reports can be requested from the CRWQCB.  
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Wastewater emission factor from septic systems 
For emissions from septic systems, the emission factor is based on ‘WW.11 Methane Emissions from 
Septic Systems’ from the U.S. Community Protocol using a septic system CH4 emission factor  
(10.7 g CH4/person/day).  


Septic systems are primarily in remote areas of the San Diego region, including parts of the 
unincorporated County of San Diego and cities of Poway, Vista, and San Marcos. The number of people 
or households that are on septic systems (not connected to municipal wastewater collection systems) are 
requested from and provided by jurisdiction staff.  


3.7.4 Emissions calculation for wastewater category 
Emissions from the wastewater category are estimated using Equation 11 below, if the emission factor  
at the wastewater treatment facility is known (as is for Point Loma WWTP and Encina WPCF); if not, 
Equation 12 is used. 


Equat ion 11 Emission calculat ion for  wastewater  category (where the  
emission fac tor  at  the wastewater treatment  faci l i t y is  known) 


𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑤𝑤𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒  =  � (𝐺𝐺𝐺𝐺𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒 ∗ 𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒,𝑓𝑓𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒)
𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒,𝑓𝑓𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒


 


Where,  
𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑤𝑤𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑤𝑤𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒 = emissions from wastewater category in a given year (MT CO2e) 
𝐺𝐺𝐺𝐺𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒 = wastewater collected by a collecting agency from a jurisdiction (gallons 


per year, million gallons per year, average million gallons per day) 
𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒,𝑓𝑓𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = wastewater emission factor at treatment facility (MT CO2e/million gallons) 
  
With,  
agency = each of the wastewater collection agencies 
facility = [Point Loma WWTP, Encina WPCF], Encina WPCF as proxy for other 


wastewater treatment facilities with secondary treatment process and 
anaerobic digestion 


Equat ion 12 Emission calculat ion for  wastewater  category (where the  
emission fac tor  at  the wastewater treatment  faci l i t y is  unknown) 


𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑤𝑤𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒  =  � (𝐺𝐺𝑠𝑠𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠 ∗ 𝐸𝐸𝐸𝐸𝑁𝑁𝐺𝐺𝑁𝑁,𝑠𝑠𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠 ∗ 𝐺𝐺𝐺𝐺𝐺𝐺𝑁𝑁𝐺𝐺𝑁𝑁)
𝑁𝑁𝐺𝐺𝑁𝑁,𝑠𝑠𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠


∗ 10−6 


Where,  
𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑤𝑤𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒𝑤𝑤𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒 = emissions from wastewater category in a given year (MT CO2e) 
𝐺𝐺𝑠𝑠𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠 = population served with each of the wastewater treatment process 


𝐸𝐸𝐸𝐸𝑁𝑁𝐺𝐺𝑁𝑁,𝑠𝑠𝑒𝑒𝑐𝑐𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠 
= process emissions per person equivalent (average per person) of a given 
GHG (grams/person equivalent/year) 


𝐺𝐺𝐺𝐺𝐺𝐺𝑁𝑁𝐺𝐺𝑁𝑁  = Global Warming Potential of a given GHG (no units) 
10−6 = conversion factor, metric tons CO2e in a gram 
  
With,  
process = [with nitrification/denitrification, without nitrification/denitrification, septic 


system] 
GHG = [CH4, N2O] 
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3.7.5 Limitations of method used to calculate emissions from wastewater 
One collecting agency serving multiple jurisdictions 
If one or more collecting agencies serve several jurisdictions, it is difficult to break out wastewater 
generation by jurisdiction. If wastewater data cannot be separated, EPIC allocates the wastewater 
generated in the entire service area by population in each jurisdiction served by the agency. Allocating 
emissions by population may not be representative in certain jurisdictions. For example, within a 
collecting agency’s service area, one jurisdiction may have higher outdoor water use than the other 
jurisdiction, and allocation by per capita may result in over-estimating wastewater generation in one 
jurisdiction, as outdoor water use does not undergo wastewater treatment.  


Emission factor calculation 
To date, detailed process data is available only for the Encina WPRF. Such data are currently not 
available for the other wastewater treatment plants in the region, several wastewater agencies have 
similar processes as Encina and until facility-specific data is available, the emission factor for the Encina 
WPRF is used as a substitute for all WWTPs or WRFs with anaerobic digestion other than Point Loma 
WWTP. Because the same treatment processes may have different GHG emissions due to different 
facility capacities, years of operation, or equipment, the emission factor from the Encina WPRF may not 
be representative for other facilities in the region. Additionally, this category does not include the 
emissions associated with energy use at wastewater pump stations and at wastewater treatment facilities. 
Similar energy intensity calculations for wastewater treatment and collection can be made in this category 
and separated from the electricity category; however, limited data are available and WWTPs using 
digester gas as an on-site generation fuel source adds another layer of complexity in this calculation.  


3.8 GHG emissions from the solid waste category 


GHG emissions from the decomposition of organic material in waste disposed at landfills are broken 
down into two parts in the U.S. Community Protocol: 1) Method SW.4: methane emissions from 
community-generated mixed waste in inventory year (waste generated); and 2) Method SW.1: methane 
emissions from biodegradable waste that has been in place at landfills located within the community 
boundary (waste in place) (Figure 13).  


Figure 13 Types of  GHG emissions f rom sol id waste 


 
 
Only the community-generated waste in the inventory year is accounted for as one of the five basic 
emission-generating activities, which is the focus of this Appendix. The methodology estimates emissions 
from all waste disposed by a jurisdiction, regardless of whether the landfills accepting the waste are 
located inside or outside the jurisdiction boundary. The emissions from waste-in-place at in-boundary 
landfills are included in the 2012 regional inventory and in the unincorporated County of San Diego CAP 
baseline inventory.   
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3.8.1 Activity – waste disposal 
The California Department of Resources Recycling and Recovery (CalRecycle) Disposal Reporting 
System (DRS) provides annual waste data. This report includes waste disposed by a jurisdiction, as 
reported by county and regional agency disposal reporting coordinators. The annual report gives a 
snapshot of the total amount of waste disposed and where the waste was disposed for a jurisdiction in a 
given year. Table 23 gives an example of waste disposal by facility for a jurisdiction in the San Diego region. In this 
example, almost all the waste generated in the jurisdiction was disposed in Otay Landfill and Sycamore 
Landfill, neither of which are within this jurisdiction’s boundary.  


Table 23 Example of  a jur isd ict ion ’s  waste d isposal  by fac i l i t y  


Destination facility Waste (tons) 


Azusa Land Reclamation Co. Landfill 64 
El Sobrante Landfill 49 
Otay Landfill 31,033 
Sycamore Landfill 33,403 
West Miramar Sanitary Landfill 215 


Total 67,764 


Source: CalRecycle 2017 


 
The amount of waste disposed provided by CalRecycle is verified with the jurisdiction to ensure that no 
modifications or revisions were made after the jurisdiction submitted the data.  


The waste disposal data for the previous calendar year are available in June of the current calendar year.  


3.8.2 Solid waste emission factor 
In previous years, regional inventories have used the default mixed waste emission factor from the U.S 
Community Protocol Table SW.5, of 0.06 MT CH4/short ton of waste disposed. In recent years, some 
jurisdictions in the San Diego region have conducted waste characterization studies which provide better 
data to determine an appropriate and locally-relevant waste emission factor.  


A waste characterization study shows the percentage of each waste type in a waste stream disposed in 
landfills. The study can be for a jurisdiction, such as the City of San Diego’s 2012-2013 Waste 
Characterization Study, or for a business group or a customer sector, such as CalReycle’s 2014 
Statewide Disposal-Facility-Based Characterization. Results of such studies generally classify disposed 
waste streams into commercial, residential, and self-hauled sectors.  


For a jurisdiction with a recent waste characterization study, the jurisdiction-specific mixed waste 
emission factor may be used. For others, the statewide waste characterization is available. Using a waste 
characterization study, the mixed waste emission factor can be estimated using the emission rate (MT 
CH4/short ton or MT CO2e/short ton) of each waste component from the EPA Waste Reduction Model 
(WARM) and the percentage of the waste component in the waste stream.  


EPA WARM is a life-cycle GHG model to assess and compare waste management options (e.g., 
landfilling, recycling, source reduction, composting), through the life-cycle of waste materials (from 
material extraction to disposal). However, the GHG inventory method described here does not use a life-
cycle approach. In the solid waste category, only emissions from the disposal and associated degradation 
of waste is included. Therefore, only the landfill emission factors in EPA WARM are used in the 
calculation. The U.S. Community Protocol recommends using emission factors for each solid waste 
component from the 2006 (Version 8) of EPA WARM; however, several updates to WARM have been 
completed since 2006. The methodology described in this Appendix uses the landfill emission factor from 
the most recent WARM Version 14 (March 2016).   
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WARM Version 14 reports the landfill CH4 emission factor of each waste material in MT CO2e/short ton, 
with and without Landfill Gas (LFG) recovery. Because the LFG recovery systems at landfills are different, 
the emission factor without LFG recovery is used and the default LFG capture rate is incorporated later in 
the total emission calculation. The mixed waste emission factor is calculated using Equation 13, based on 
U.S. Community Protocol Equation SW.4.1. 


Equat ion 13 Mixed waste emission factor  calculat ion 


𝐸𝐸𝐸𝐸𝑐𝑐𝑠𝑠𝑤𝑤 =  � 𝐺𝐺𝑒𝑒𝑐𝑐𝑐𝑐𝑠𝑠𝑐𝑐𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒 ∗ 𝐸𝐸𝐸𝐸𝑒𝑒𝑐𝑐𝑐𝑐𝑠𝑠𝑐𝑐𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒
𝑒𝑒𝑐𝑐𝑐𝑐𝑠𝑠𝑐𝑐𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒


 


Where: 
𝐸𝐸𝐸𝐸𝑐𝑐𝑠𝑠𝑤𝑤 = mixed waste emission factor (MT CO2e/short ton)  
𝐺𝐺𝑒𝑒 = distribution of waste components in the mixed waste stream (%) 
𝐸𝐸𝐸𝐸𝑒𝑒 = landfill CH4 emission factor without LFG recovery of each waste component from EPA WARM 


(MT CO2e/short ton) 
With, 


𝐹𝐹𝐸𝐸𝐸𝐸𝑐𝑐𝐸𝐸𝐸𝐸𝑓𝑓𝐸𝐸𝑁𝑁 = waste component [Paper, Organics, Mixed Residue, etc.] 
An example of the mixed waste emission factor calculation is given in Table 24, using the City of 
San Diego’s 2012-2013 Waste Characterization Study. The mixed waste emission factor for the waste 
disposed by City of San Diego during the study period was 0.744 MT CO2e/short ton.  


Table 24 Example of  mixed waste emiss ion factor   
ca lcu lat ion (Ci ty of  San Diego,  2012-2013)  


Waste component 
Waste 


distribution  
(%) 


Landfill CH4 without 
LFG Recovery  


(MT CO2e/short ton) 
Paper 16.8% - 


Corrugated containers/cardboard 5.0% 2.36 
Newspaper 0.8% 0.95 


Magazine 0.6% 1.08 
Mixed paper (general) 10.4% 2.14 


Plastic 8.9% - 
Glass 1.7% - 
Metal 3.5% - 
Organics 38.9% - 


Food 15% 1.57 
Tree 5.3% 0.77 


Leaves and grass 6.8% 0.59 
Trimmings 3.5% 0.59 


Mixed organics 8.3% 0.53 
Electronics 0.6% - 
C&D 24.6% - 
Household hazardous waste 0.2% - 
Special waste 3.1% - 
Mixed residue 1.6% 0.53 
Mixed waste emission factor 0.744 
Source: City of San Diego 2014, EPA WARM 2016, EPIC 2016 
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3.8.3 Landfill gas capture rate 
EPA WARM assesses three types of landfills: 1) landfills that do not recover LFG, 2) landfills that collect 
the LFG and flare it without recovering the flare energy, and 3) landfills that collect LFG and combust it for 
energy recovery by generating electricity. The waste generated by jurisdictions in the San Diego region is 
disposed at different landfills, and each landfill has a different LFG recovery system. To account for this, 
the method described here applies the default LFG Collection Efficiency of 75% to all waste disposed, as 
recommended in the U.S Community Protocol, if no other data is available. However, collection efficiency 
data should be collected from facility operators if possible. Table 25 shows the estimated LFG collection 
system efficiencies at the major active landfills in the San Diego region. 


Table 25 Major  ac t ive landf i l ls  in the San Diego region 


Landfill name Open/potential 
close year 


Landfill 
owner/operator 


Estimated gas 
collection system 


efficiency 
Location 


Las Pulgas Landfill 1972/2058 Camp Pendleton No collection system Camp 
Pendleton 


Otay Landfill 1963/2033 Republic Services 75% 
Unincorporated 
County of 
San Diego 


Sycamore Landfill 1962/2023 Republic Services 75% Santee 
West Miramar 
Sanitary Landfill 1983/2022 City of San Diego 69% (provided  


by the City) San Diego 


Source: EPA MRR Reporting, 2016. EPA SD Landfill Database. EPIC 2017 


3.8.4 Emissions calculation for solid waste category 
Total emissions from the waste disposed in landfills by a jurisdiction is estimated using Equation 14, 
based on U.S. Community Protocol Equation SW.4.1. 


Equat ion 14 Emission calculat ion for  so l id  waste 


𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑤𝑤𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒  = 𝑆𝑆𝐺𝐺 ∗  𝐸𝐸𝐸𝐸𝑐𝑐𝑠𝑠𝑤𝑤 ∗ (1 − 0.75) ∗ (1 − 0.1) 
Where: 
𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑤𝑤𝑐𝑐𝑠𝑠𝑒𝑒𝑒𝑒 = emissions from solid waste category in a given year (MT CO2e) 
𝑆𝑆𝐺𝐺 = total waste disposal from a jurisdiction (short tons)  
𝐸𝐸𝐸𝐸𝑐𝑐𝑠𝑠𝑤𝑤 = mixed waste emission factor (MT CO2e/short ton) 
0.75 = default landfill gas capture rate, U.S. Community Protocol, unless otherwise 


known 
0.1 = default oxidation rate, U.S. Community Protocol 


3.8.5 Limitations of method used to calculate emissions from solid waste 
The delayed release of solid waste emissions 
The solid waste emissions category is unique because the emissions do not represent the direct 
emissions in the inventory year, but represent the lifetime emissions from the waste disposed in the 
inventory year. Unlike other categories discussed in this Appendix, such as burning fuel to produce 
electricity or operate vehicles, decomposition of organic waste is not an immediate release of emissions.  
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Recycling and composting 
The impacts of recycling and composting diversion programs on emissions are partially captured in the 
inventory. Recycling and diversion programs reduce the amount of community-generated waste sent to 
the landfills, and this impact is reflected in the waste disposal data. However, the whole life-cycle impact 
of recycling and composting diversion programs, such as reduction of upstream raw material use and 
reduced energy use for material processes, are not included in the GHG emissions inventory.  


Waste characterization studies 
The solid waste composition is different in each jurisdiction. Differences exist between residential or 
commercial sectors, or even between single-family and multi-family buildings. The City of San Diego’s 
2012-2013 waste composition study is the most recent and comprehensive study at a jurisdictional level 
in the region. While this study may represent a more locally-relevant option than statewide data, it may 
not be representative of all jurisdictions. Nonetheless, it is used to estimate emissions from the solid 
waste category. As more studies are completed in the region, a more representative regional value can 
be developed. For example, the City of Oceanside is currently conducting a waste characterization study. 


4. Challenges of developing GHG inventories 


This section discusses the challenges of developing a communitywide GHG inventory at the jurisdictional 
level in the San Diego region, including boundary issues, comparability of the activity-based approach 
with other GHG reporting protocols, and revising and updating previous GHG inventories.  


4.1 Boundary issue 


A general premise of GHG accounting is to include all emissions within the authority and jurisdiction of a 
local government. The CARB’s 2017 Climate Change Scoping Plan (2017 Scoping Plan, more discussion 
in Section 6.2.2) recommends that “plans should disclose all emissions within the defined geographical 
boundary, even those over which the local government has no regulatory authority to control, and then 
focus (on) the strategies on those emissions that the jurisdiction controls” (CARB, 2017a, p.100). 


However, jurisdictions may not be able to control emissions from some entities within their geographical 
boundaries. In this case, CAP strategies may or may not affect the activities at these entities that result in 
GHG emissions. In the San Diego region, the following are examples of such entities: 


• Military land – The military has a significant presence in the San Diego region. Military land can span 
more than one local jurisdiction boundary. For example, Camp Pendleton, adjacent to the City of 
Oceanside, is located in the unincorporated County of San Diego, and there are Naval bases in the 
Cities of Coronado and San Diego.  


• Native American reservations – San Diego County has 19 tribal reservations within its boundaries. 
Like military land, these reservations are not subject to local land use and other authority.  


• Other agencies – The Port of San Diego and the San Diego County Regional Airport Authority are 
examples of other agencies that are not subject to the land use authority of the jurisdictions in which 
they are located.  


• Other exceptions – The University of California, San Diego is example of an entity that may not be 
subject to certain types of local control, such as land use.  


Local jurisdictions may choose not to include the activities from these entities or to account for the 
activities separately. The following methods have been used to separate out these activities (Figure 14).  
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F igure 14 Ident i f y act iv i t ies at  ent i t ies  over which the jur isd ic t ion has no author i ty 


 
 
Identifying activity levels from these entities can be challenging for the main agencies (SDG&E and 
SANDAG) from whom the data are requested. In addition, without a centralized agency, it is difficult to 
identify the water use, wastewater generation, and solid waste generation at these entities. A substitute 
method to attribute the activity level is to use the population ratio; however, this may not be suitable for 
entities like the Port of San Diego and the San Diego County Regional Airport Authority, which have 
limited or no residential activity. While separating these emissions is an option for community-wide 
inventories, regional inventories include all emissions to the extent that data are available. Emissions 
from the entities mentioned in this Appendix may be separated and listed separately.  


4.2 Methods comparison with other GHG reporting protocols 


The following sections discuss the main differences in methodology between the current U.S. Community 
Protocol and other reporting protocols.  


4.2.1 Comparison with 2009 ICLEI GHG reporting protocol 
In 2011, ICLEI developed 2005 GHG Inventories for jurisdictions in the San Diego region using the 2009 
ICLEI GHG Reporting Protocol – International Local Government GHG Emissions Analysis Protocol 
(IEAP). ICLEI updated the protocols in 2013 and better data collection methods have been developed 
since completion of the 2005 inventories. Table 26 shows the differences in data sources and methods 
between these two versions of the inventory protocols.  


Table 26 Methods and data source d if ferences between the  
2005 inventory and current  method in the ReCAP 


Category Category 
detail 


GHG inventory methodology 
based on 2009 IEAP  


Current GHG inventory 
methodology based on 2013  


U.S. community protocol  


Electricity 


Activity  
Data from SDG&E based on 
customer class and service 
provider 


Data from SDG&E based on 
customer class and customer type, 
rate schedule and service provider  


Emission 
factor  


 


SDG&E Bundled: 546.6 lbs 
CO2/MWh (From California 
Climate Action Registry, ICLEI's 
CACP model) 
Direct Access: 724.12 lbs 
CO2e/MWh (EPA eGRID WECC 
California) 


Weighted average emission factor 
based on SDG&E kWh procurement 
from each fuel type at each 
facility/power plant and emission 
factor of electricity generation at each 
facility/power plant  
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Category Category 
detail 


GHG inventory methodology 
based on 2009 IEAP  


Current GHG inventory 
methodology based on 2013  


U.S. community protocol  


Natural gas 


Activity 
Data from SDG&E based on 
customer class and service 
provider 


Data from SDG&E based on 
customer class and customer type, 
rate tariff and service provider  


Emission 
factor  


53.06 kg/mmbtu – CACP model 
Default based on Local 
Government Operation Protocol  


Natural gas emission factor in 
California based on California Air 
Resources Board statewide inventory 


Transportation 


Activity 


Local roadway VMT - from 
Caltrans HPMS 
I-5 VMT – from SANDAG 
regional GIS files and clipped to 
city limits, and converted from 
weekday to average daily using 
0.94 conversion factor 


VMT disaggregated using origin-
destination method provided by 
SANDAG using Series 13 Activity 
Based Model 


Emission 
factor 


EMFAC2007 CO2 and CH4 
output 


San Diego region emission factor by 
vehicle class from EMFAC2014, 
converted to average vehicle 
emission factor using VMT distribution 
by vehicle class 


Water 
Activity 


Not included Jurisdiction specific water use and 
energy intensity Emission 


factor  


Wastewater 
Activity 2005 County-wide wastewater 


emission allocated to City based 
on population ratio 


Jurisdiction specific wastewater 
generation and emission factor based 
on treatment process Emission 


factor 


Solid Waste 


Activity Waste disposal from CalRecycle Waste disposal from CalRecycle 


Emission 
factor (MT 
CH4/tons) 


2004 California Waste 
Characterization Study,  
75% methane recovery factor  
at landfills 


Based on Waste Composition Study, 
75% methane recovery factor at 
landfills 


 
As described in Table 26, the inventories prepared using the 2009 IEAP and inventories prepared using 
the methodologies described in this Appendix cannot be compared due to the significant changes in data 
availability and emission factor calculations. However, some activity-level data, such as energy use and 
solid waste generation, can be compared.  


4.2.2 Comparison with global protocol for community-scale 
GHG emission inventories  


Some jurisdictions in the San Diego region are participating in global voluntary GHG reporting programs, 
including the Carbon Disclosure Program (CDP) that uses the Global Protocol for Community-Scale 
Greenhouse Gas Emission Inventories (GPC). The GPC was developed by ICLEI (in collaboration with 
WRI and C40) in parallel with the U.S. Community Protocol. However, the emissions reported under GPC 
are “scope”—based and separated by in-boundary direct emissions and out-boundary indirect emissions. 
Even with the same reporting categories, the emissions calculated using methods based on the U.S. 
Community Protocol are classified differently under GPC reporting, so emissions results from both 
protocols cannot be directly compared.   
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4.3 Revising and updating inventories 


Some jurisdictions that used a 2005 baseline year to develop CAPs are considering revising or updating 
their inventories and/or CAPs to incorporate updated methods and data. The following factors should be 
considered when deciding whether to revise and update a 2005 inventory.  


4.3.1 Change of GHG emissions method: on-road transportation 
A change from the previous protocol used in the 2005 inventories and the current protocol is the method 
to estimate VMT. The previous method considered an in-boundary, or “clipped,” method that accounts for 
all VMT on the roads within the jurisdictional boundary, regardless of the origin and destination of the trip. 
Using the trip types described in Section 3.5.1 and Figure 5, this method is illustrated in Figure 15.  


Figure 15 I l lustrat ion of  t r ips  and VMT al locat ion  
us ing in-boundary (c l ipped) method 


 
 
As shown in Figure 15, the blue lines represent the jurisdiction’s boundaries, the purple lines are the 
miles counted, and the black dashed lines are the miles not counted using the In-Boundary method.  


One significant difference between the In-Boundary and Origin-Destination methods is the VMT allocation 
of external-external trips. The current Origin-Destination method excludes all miles from external-external 
trips, while the In-Boundary method includes the portion of external-external trips that is inside the 
jurisdictional boundary. A good example to illustrate the difference is the pass-through miles (external-
external) on Interstate 5 in the City of Solana Beach. Using the Origin-Destination method, the pass-
through miles are not included in the total VMT for the City of Del Mar, because the trips neither start nor 
end in the city. Using the In-Boundary method, the pass-through miles on Interstate 5 within the City of 
Del Mar’s boundary are included in the City’s VMT, regardless of where the trips start or end.  


The allocation method for external-internal/internal-external trips is also different. The Origin-Destination 
method formats the VMT for analysts to equitably allocate the VMT based on jurisdictional boundaries, 
while the In-Boundary method allocates miles to each of the jurisdictions through which the trip passes. 
Figure 16 uses a trip that starts in Oceanside and ends in Solana Beach Station to illustrate the 
differences in VMT allocation between the two methods.  
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F igure 16 Dif ference in VMT al locat ion of  in ternal-ex ternal /ex ternal- internal  t r ips  


 
 
The difference between calculating total VMT for a jurisdiction using these two methods may vary 
significantly, depending on the jurisdiction’s size and the traffic volume.  


Because of these fundamental differences, the U.S. Community Protocol recognizes that neither VMT nor 
emissions calculated using these two methods can be compared directly. 


4.3.2 Change of source data: 2005 SDG&E emission factor 
As shown in Table 26 (page 41), the data source difference between the methods, the 2005 SDG&E 
bundled electricity emission factor was 546.6 lbs CO2/MWh, as reported from SDG&E to the California 
Climate Action Registry and ICLEI's CACP model. This number is close to the 2015 SDG&E bundled 
electricity emission factor, which includes 35% renewable content and no coal; however, the 2005 
SDG&E power content label shows that in 2005, SDG&E had 7% renewable and 15% coal in its power 
mix (SDG&E). Neither the method to estimate 2005 SDG&E emissions factor nor its 2005 power mix are 
consistent with current methods.  


5. Projecting greenhouse gas emissions 


5.1 Role of projecting emissions 


Projecting GHG emissions estimates future levels of emissions and determines the emissions reductions 
needed to reach the identified reduction targets. The following sections summarize the methods to project 
GHG emissions for jurisdictions in the San Diego region.  


5.2 Business-as-usual projection 


There are two scenarios to show GHG emissions projections based on the inclusion or exclusion of 
federal and State policies that aim to reduce GHG emissions, such as federal vehicle standards and State 
renewable electricity mandates. These two scenarios are often known as the Business-As-Usual (BAU) 
projection and the Legislatively-adjusted BAU, which are defined as: 
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• BAU – The BAU projection accounts for the growth in population, employment, and housing, and 
assumes no policy changes after the latest CAP inventory year or the CAP baseline year 


• Legislatively-adjusted BAU – Legislatively-adjusted BAU accounts for growth in population, 
employment, and housing, and accounts for the future impact of adopted federal and State policies 
that affect GHG emissions at the time of CAP development  


The following Figure 17 illustrates these two projection scenarios.  


Figure 17 I l lustrat ion of  BAU and legis lat ive ly-adjusted BAU emissions project ions 


 
In Figure 17, the dashed black line is the BAU projection and the dashed blue line below is the 
legislatively-adjusted BAU projection. One example to show the difference between these two types of 
projections is if a jurisdiction has 25% renewables in electricity in its latest inventory year, the renewables 
will be fixed at 25% for all future years in the BAU projection, while the renewables will be at the State-
mandated level (33% by 2020 and 50% by 2030) in the legislatively-adjusted BAU. Presentation of both 
scenarios is illustrative in determining the portion of reductions that would need to be achieved through 
local action or the “local gap.” 


Both BAU and Legislatively-adjusted BAU are essential projection scenarios, but it should be clear to 
those reading a CAP or inventory report what the effects of federal and State policies are on overall 
emissions. The following section describes the method to project BAU emissions without further policy 
changes from the baseline or projection year. The method to project legislatively-adjusted BAU emissions 
or calculate the reduction impact from federal and State policies is discussed in the Technical Appendix II: 
GHG Reduction Calculation Methods for CAP Measures. 


5.3 Method to project emissions 


Future GHG emissions are based on estimates for future activity levels and emission factors for  
each category. 


5.3.1 Estimating future activity levels  
The basic method to project activity level relies on the SANDAG Regional Growth Forecast, which 
incorporates the latest regional demographic, economic, and land use policies from each jurisdiction. The 
current SANDAG growth forecast, Series 13 2050 Regional Growth Forecast, was adopted in 2013.It 
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provides population, housing units, and jobs data forecasted to 2050 using a 2012 baseline year. These 
data are used to estimate future activity levels for each emissions category using per capita, per job, or 
per household values. The SANDAG travel demand model provide the O-D VMT estimates for the 2012 
baseline as well as horizon years.  


5.3.2 Estimating future emission factors 
The emissions factor from the most recent year with data available is fixed for all future years, except for 
the on-road transportation category. For the on-road transportation category, the EMFAC model output 
incorporates the effects of federal and State legislative changes, such as the more stringent vehicle 
efficiency standards; therefore, to produce a BAU emissions forecast, the EMFAC output must be 
adjusted to assume that future new vehicles will have the same efficiency as the new vehicles in the 
baseline year (model year of the vehicle is the baseline year). EPIC is developing a Technical Working 
Paper, Estimating a Greenhouse Gas Emission Rate for Miles Driven: A Method for Climate Action 
Planning,” which will include detailed methods on the EMFAC output adjustment.  


A summary of the emissions projection method for each category is shown in the following Figure 18. 


Figure 18 Method to projec t ion emissions in each category 


 


6. Selecting emission targets for Climate Action Plans 


The following sections present an overview of the California statewide GHG reduction targets, associated 
legislation, and CARB’s evolving guidance and recommendations for local governments when selecting 
targets, using examples from the CAPs in the San Diego region.  


6.1 Overview of California statewide GHG reduction targets 


California (or the State) has the following statewide GHG reduction targets and goals, grounded in 
legislation or Executive Orders, respectively: 


• AB 32 (2006): Reduce Statewide GHG emissions to 1990 levels by 2020 


• SB 32 (2016): Reduce Statewide GHG emissions to 40% below 1990 levels by 2030 
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• Executive Order S-3-05: Reduce Statewide GHG emissions to 80% below 1990 levels by 2050 


Figure 19 below illustrates the statewide emissions trend based on the most recent CARB statewide GHG 
Inventory, updated in 2017, and an illustrative forward to the meet the 2020 and 2030 targets, and 2050 
long-term goal (CARB 2017a, 2017b).  


Figure 19 Cal i forn ia statewide GHG inventory trend  
and targets (CARB 2017a, 2017b; EPIC, 2017)  


 


6.2 Overview of CARB guidance for target selection for local governments  


Since the 2008 Initial Scoping Plan, the State has recognized local governments as essential partners in 
achieving the statewide goal to reduce GHG emissions. The progression of CARB’s guidance for local 
climate planning-level GHG emissions reduction targets and goals is described in this section.  


6.2.1 2008 Initial Scoping Plan and 2014 first update to Scoping Plan 
In recognizing the critical role local governments will play in implementing AB 32, CARB recommended “a 
greenhouse gas reduction goal for local governments of 15 percent below today’s levels by 2020 to 
ensure that their municipal and community-wide emissions match the State’s reduction target” in the 2008 
Initial Scoping Plan (CARB 2008, p. ES-5 [emphasis added]). This was re-stated in the 2014 First Update 
to Scoping Plan by stating “the initial Scoping Plan called for local governments to set municipal and 
community-wide GHG reduction targets of 15 percent below then-current levels by 2020, to coincide with 
the statewide limit” (CARB 2014, p. 113 [emphasis added]). Additionally, the 2014 First Update to 
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Figure adapted from California's 2017 Climate Change Scoping Plan Figure 6 that shows a linear, straight-line path to the 
2030 target. The 2050 goal is calculated based on 80% below 1990 level (80% below 431 MMT CO2e).
Source: CARB California Greenhouse Gas Emission Inventory - 2017 Edition and 2017 Climate Change Scoping Plan
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Scoping Plan provided guidance for local governments to develop post-2020 GHG reduction targets. It 
stated that “there is a need for local government climate action planning to adopt mid-term and long-term 
reduction targets that are consistent with ... the statewide goal of reducing emissions 80 percent below 
1990 levels by 2050” (CARB 2014, p. 113).  


Mass reduction targets approach for local government selecting targets 
As recommended by CARB, an emission reduction target of a percentage decrease below a baseline 
year is sometimes referred to as a “mass reduction target”; that is, the total reduction is based on the 
quantity (or mass) of total emissions, generally measured in MT CO2e. Based on the CARB guidance 
above, local jurisdictions in the San Diego region that adopted CAPs between 2010 and 2016 used this 
approach. Table 27 summarizes the mass reduction or mass-based targets for 2020, 2030, or 2035. 
Nearly all jurisdictions selected the 15% target as recommended by CARB but used varying baseline 
years. Three jurisdictions (Carlsbad, Del Mar, and City of San Diego) selected 2035 reduction targets 
based on an approximate 50% reduction below baseline levels. This value generally represents the 
midpoint between 2020 targets and the long-term reductions of 80% below baseline included in Executive 
Order S-3-05. 


A mass reduction target calculated as a percent reduction from a baseline year, ties the reduction targets 
to a single year. It is likely that data and methods will continue to change over time, so there are some 
risks in linking targets to a single baseline year.  


Table 27 Cl imate Act ion Plans in San Diego region and GHG reduct ion targets 


Jurisdiction CAP baseline 
year 


2020 reduction 
target  


2035 reduction 
target  


% below baseline year emissions 


Carlsbad 2005 15% 49% 
Del Mar 2012 15% 50% 
Escondido 2005 15% - 
National City 2005 15% - 
City of San Diego 2010 15% 50% 


San Marcos 2010 15% 28%  
(by 2030) 


Vista 2005 15% - 


Source: Carlsbad 2015, Del Mar 2016, Escondido 2012, National City 2011, San Diego 2015, 
San Marcos 2013, Vista 2012 


6.2.2 CARB’s 2017 Climate Change Scoping Plan 
CARB’s 2017 Climate Change Scoping Plan (2017 Scoping Plan) outlines the proposed strategies to 
meet the 2030 statewide reduction target adopted through SB 32.  


Continuing to recognize the important role of local governments, the 2017 Scoping Plan provides 
guidance on local plan-level GHG reduction goals for 2030 and 2050: “CARB recommends that local 
governments evaluate and adopt robust and quantitative locally-appropriate goals that align with the 
statewide per capita targets and the State’s sustainable development objectives and develop plans to 
achieve the local goals” (CARB 2017a, pp. 99–100 [emphasis added]). The statewide per capita targets 
recommended by CARB are “no more than six metric tons CO2e per capita by 2030 and no more than 
two metric tons CO2e per capita by 2050” (CARB 2017a, p. 101).  


The statewide 2030 per capita target of six MT CO2e per capita is derived from the SB 32 target (40% 
below 1990 levels by 2030), by dividing the statewide 2030 target level (260 million MT CO2e) by the 
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projected statewide population in 2030 (44 million). The statewide 2050 per capita target of two MT CO2e 
per capita is based on the longer-term State emissions reduction goal (EO S-3-05, 80% below 1990 level 
by 2050) and projected statewide population in 2050, and consistent with the Under 2 MOU and the Paris 
Agreement (CARB, 2017a).  


CARB advises “local governments also develop community-wide GHG emissions reduction goals 
necessary to reach 2030 and 2050 climate goals…it is appropriate for local jurisdictions to derive 
evidence-based local per capita goals ([o]r some other metric that the local jurisdiction deems appropriate 
(e.g., mass emission, per service population))” (CARB 2017a, p. 100 [emphasis added]). Service 
population is the sum of the population and employment of the jurisdiction. The State per capita targets 
are based on statewide GHG emissions that include all emissions sectors in California, as described in 
Section 2.2.2.1 (emission categories in statewide inventory). The statewide inventory includes more 
emissions categories than a typical community-wide inventory (certain industrial processes, civil aviation, 
marine vessels, etc.). According to the 2017 Scoping Plan, local jurisdictions should derive reduction 
goals “based on local emissions sectors and population projections that are consistent with the framework 
used to develop statewide per capita targets” (CARB 2017a, p. 100 [emphasis added]). The population 
projections used to develop the State targets are calibrated using countywide population forecasts 
(Sharygin, 2018). As such, SANDAG’s Series projections should be the basis of local targets.  


The 2017 Scoping Plan was adopted at the December 2017 CARB Board Hearing. With the additional 
recommendations, jurisdictions in the San Diego region that are creating new CAPs or updating existing 
CAPs may consider the following approach to incorporate a 2030 reduction target and 2050 reduction 
goal. Targets for interim years (e.g., 2035) may also be derived using this approach.  


Deriving community-wide reduction goals that align with statewide targets 
Statewide per capita targets are based on the statewide mass reduction targets of 40% below 1990 levels by 
2030 and 80% below 1990 levels by 2050, where the 1990 level was 431 MMT CO2e (CARB 2017a). 
Because the State has GHG inventories each year from 2000 through 2015 a percentage reduction can be 
derived from any inventory year and for any target year. These same percentage reductions can then be 
applied to local inventories to derive reduction targets that would be consistent with the statewide approach.  


Figure 20 below shows the statewide emissions for each year from 2005 to 2014. If, for example, 2014 
were used as the baseline year, the State would need to reduce emissions 40% below 2014 by 2030 and 
80% below 2014 by 2050 to achieve the statewide reduction target equivalent to 40% below 1990 by 
2030 and reduction goal equivalent to 80% below 1990 by 2050. 


Figure 20 Mass reduct ion target  wi th respect to  a recent  basel ine year (2014)  
appl ied to the state level (CARB 2017a,  CARB 2017b)  


  


 -


 100


 200


 300


 400


 500


 600


2005 2010 2015 2020 2025 2030 2035 2040 2045 2050


An
nu


al
 G


HG
 E


m
iss


io
ns


 (M
M


T 
CO


2e
)


2014 GHG Emission
= 442 MMT CO2e 


2030 Target = 
260 MMT CO2e


2050 Goal = 
86 MMT CO2e


80% below 
2014 by 2050


41% below 
2014 By 2030


2020 Target = 
431 MMT CO2e
(2% below 2014)


Figure adapted from California's 2017 Climate Change Scoping Plan Figure 6 that shows a linear, straight-line path    
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These same State mass reduction (%) targets can be applied to any local jurisdiction. Table 28 shows an 
example of percentage reductions for a range of baseline years that would be needed to reach targets in 
2020, 2030, and 2035. 


Table 28 Mass reduct ion targets a l igned wi th s tate  
targets  for  range of  example CAP basel ine years   


Percent reduction from baseline year 
Potential CAP baseline year 
2010 2012 2014 


% reduction to reach 2020 target  3% 4% 2% 


% reduction to reach 2030 target 42% 42% 41% 


% reduction to reach 2035  
Linear interpolation between 2030 and 2050 51% 52% 51% 


% reduction to reach S-3-15 2050 goal 81% 81% 80% 


 
Developing community-wide mass reduction goals using this approach is consistent with CARB (2017a, 
pp. 100–101) recommendations to determine the targets “based on local emissions sectors” and to 
“develop community-wide GHG emissions reduction goals necessary to reach 2030 and 2050 climate 
goals.” Using this approach, a target can be calculated independent of a baseline year. If methodologies 
change over time, this method could be used to update CAP emissions targets while not being tied to a 
previous baseline year. State is very close to meeting its 2020 reduction targets (which is 431 MMT CO2e 
and its 2014 emissions were 442 MMT CO2e, representing a reduction of 2% from 2014 to reach the 
1990 level), CAPs using recent baseline years will need relatively small reduction goals to meet 2020 
targets. However, with the information currently known, it is challenging for local jurisdictions to meet 
2050 GHG reduction goal.  


Limitations of the current methods to  
determine community-wide reduction goals 
CARB recommends local jurisdictions to develop community-wide goals expressed in per capita goals or 
some other metric that the local jurisdiction deems appropriate (e.g., mass emissions, per service 
population). The SANDAG Framework for Climate Planning uses the mass emissions approach as consistent 
with both CARB’s recommendations, as well familiarity with mass targets in past CAPs. However, there may 
be limitations with the mass emissions reduction approach. For example, it may not be suitable for 
jurisdictions with already low overall emissions in the CAP baseline year. Regardless of how the reduction 
goals are expressed, the “emissions trajectory should show a downward trend consistent with the statewide 
objectives,” as recommended in the 2017 Scoping Plan (CARB 2017a, p.100).   
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7. Conclusion 


This Appendix I to the SANDAG ReCAP discussed: 


• The purpose of developing GHG emissions inventories in climate action planning; 


• Methods to estimate GHG emissions from the major emission-generating activities;  


• The challenges to develop, update, and revise GHG inventories for jurisdictions in the  
San Diego region; 


• The purpose for, and method to, developing emissions projections in the climate action planning 
process; and 


• California guidance and associated methods for local governments regarding selection of GHG 
reduction targets. 


This document is for community-wide climate action planning under the ReCAP only, and inventory 
calculation and data collection methods may not be suitable for organization-wide climate action planning 
in the San Diego region. This document will be expanded to include calculation and data collection 
methods for more emissions categories when the San Diego regional GHG inventory is underway. The 
next San Diego regional inventory is anticipated to be completed by mid-2019 with a 2016 inventory year.  
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Acronyms and abbreviations 


AB   Assembly Bill 
BAAQMD  Bay Area Air Quality Management District 
BAU   business-as-usual 
BMP   best management practice 
CAP   Climate Action Plan 
CARB   California Air Resources Board 
CBD   Center for Biological Diversity 
CDFW   California Department of Fish and Wildlife  
CEQA   California Environmental Quality Act 
CH4   methane 
CNFF   Cleveland National Forest Foundation  
CO2   carbon dioxide 
EIR   Environmental Impact Report 
F-gases  fluorinated gases 
FSEIR   Final Supplemental Environmental Impact Report 
GHG   greenhouse gas 
GSW   Golden State Warriors 
GWP   global warming potential 
HFCs   hydrofluorocarbons 
ICLEI   International Council for Local Environmental Initiatives 
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LLC   Limited Liability Company 
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MPO   metropolitan planning organization  
MTCO2e/yr  metric tons of carbon dioxide equivalent per year 
N2O   nitrous oxide 
PFCs   perfluorocarbons 
ReCAP   Regional Climate Action Planning Framework 
RTP   Regional Transportation Plan 
SANDAG  San Diego Association of Governments 
SB   Senate Bill 
SCS   Sustainable Communities Strategy 
SF6   sulfur hexafluoride 
SP   service population  
UNFCCC  United Nations Framework Convention on Climate Change 
VMT   vehicle miles traveled 
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1. Introduction 


This technical appendix includes detailed information and guidance regarding the climate action planning 
process as it relates to the California Environmental Quality Act (CEQA), including CEQA compliance for 
preparation of a climate action plan (CAP), considerations for development and use of “qualified ” CAPs 
for subsequent project-level streamlining, roles of other types of CAPs or sustainability plans and their 
relationship to CEQA, and mechanisms for streamlining during environmental review.  


This appendix provides reference materials for local public agencies in the San Diego region to help them 
make informed decisions as part of local climate action planning processes. This appendix is provided for 
informational purposes only and is not intended to convey or constitute legal advice.  


Key topics, organized by section in this appendix, include: 


Section 2: Overview of the Climate Action Planning process 


Section 3: Overview of CEQA guidelines for greenhouse gas analysis 


Section 4: Requirements for a “qualified” CAP 


Section 5: CEQA documentation for a “qualified” CAP 


Section 6: Project streamlining procedures with a “qualified” CAP 


Section 7: Legal considerations 
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2. Overview of the Climate Action Planning process 


A CAP is a comprehensive plan that establishes actionable and measurable policies and implementation 
programs to address the challenges of climate change. CAPs are typically developed and adopted by a 
local municipal agency (e.g., city, county) or other public agency (e.g., council of governments, special 
district) and focus primarily on identifying and reducing greenhouse gas (GHG) emissions from local 
community sources or sources within an entity’s jurisdictional or operational control, in accordance with 
legislation or policy guidance based on State, federal, or international goals and targets for reducing  
GHG emissions. 


Some CAPs also focus on helping communities prepare for and adapt to the effects of climate change 
and improve their resilience. However, this appendix is focused on the GHG emission reduction purpose 
of a CAP as the priority emphasis. Climate vulnerability assessments, along with climate adaptation and 
resilience-building aspects of a CAP, are not discussed further in detail in this appendix; however, it 
should be recognized that these aspects of a CAP can be equally important for some communities, and 
that actions taken to reduce GHG emissions may also achieve important adaptive co-benefits. 


The planning process to develop, adopt, and implement a CAP typically follows a series of phases as 
shown in Figure 1 and discussed further below. 


Figure 1 Cl imate act ion p lanning process 
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2.1 Phase 1: Develop and maintain CAP 


2.1.1 Prepare baseline GHG emissions inventory and projections 
The first steps in the CAP process include preparing a baseline inventory of annual GHG emissions, as 
well as projections of future GHG emissions relative to the baseline. 


Emissions inventory 
A baseline GHG emissions inventory is a tool to understand the sources, scale, and contributions of 
emissions from community-wide activities and/or agency operations. Emissions inventories are typically 
prepared for the most recent year in which complete annual activity data are readily available and cover 
emissions generated in one calendar year. There may be instances where a different baseline year is 
chosen based on the availability of data or alignment with regional data and inventories. Technical 
Appendix I (GHG Inventories, Projections, and Target Selection) to the Regional Climate Action Planning 
Framework (ReCAP) provides guidance on developing GHG inventories. Once an agency has developed 
a baseline inventory, subsequent inventory updates may be conducted in future years to measure 
progress over time.  


Emissions inventories are focused on the primary GHGs of concern, which in California include carbon 
dioxide (CO2); methane (CH4); nitrous oxide (N2O); and, several classes of fluorinated gases (F-gases) 
including hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6).  


The primary sources of GHG emissions include: 


• Transportation category fuel combustion or other energy used in on-road and off-road vehicles; 


• Energy consumption associated with both electricity purchased from utilities and on-site combustion 
of natural gas, propane or other fuels used in buildings or other facilities; 


• Solid waste emissions generated from existing waste-in-place decomposition at existing landfills and 
ongoing disposal and decomposition of new waste in landfills;  


• Wastewater category emissions from wastewater treatment, including fugitive CH4 and specific 
treatment-process energy usage;  


• Water-related category emissions from energy usage for the conveyance, treatment and distribution 
of water;  


• Agriculture category emissions, including manure and enteric fermentation in livestock, application 
of fertilizers, and equipment; and,  


• High-GWP category emissions from specific industrial-sector or commercial activities that involve 
the production or use of F-gases, including refrigerants, foams, insulation, pesticides, and other  
types of chemicals. High-GWP gases are primarily calculated and regulated at the State level  
(e.g., the Short-Lived Climate Pollutant Reduction Strategy for F-gases). Due to the regulatory 
framework at the federal and State levels, the current common practice is to exclude these pollutants 
from local plans.  


All GHG emissions are commonly measured in metric tons of carbon dioxide equivalent per year 
(MTCO2e/yr). The term “carbon dioxide equivalent” means that the different types of GHGs are 
normalized to CO2 because of differing global warming potential (GWP) values. For example, CO2 has a 
GWP value of 1, while other GHGs have much higher GWP values, such as 25 for CH4, 298 for N2O, and 
a wide range of GWP values for F-gases ranging from 140 to as high as 20,000 (Intergovernmental Panel 
on Climate Change [IPCC] Fourth Assessment Report [2007]).  
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GHG emissions accounting protocols used in the preparation of local emissions inventories include the 
ICLEI U.S. Community Protocol for Accounting and Reporting of Greenhouse Gas Emissions, as well as 
the Local Government Operations Protocol (LGOP) for municipal operations. These protocols provide 
detailed guidance on the scope of analysis and technical methods that should be used when preparing an 
emissions inventory. Some key aspects regarding scopes of analysis and approach to inventories should 
be taken into consideration and are summarized below: 


• Emissions inventories prepared for CAPs are typically focused on activities that occur within a 
community’s boundaries or nearby in the surrounding region, and for activities and sources over 
which the local agencies have jurisdictional control or substantial jurisdictional influence. Technical 
Appendix I (GHG Inventories, Projections, and Target Selection) to the ReCAP additional information 
on inventory approaches and the predominant use of the activity-based approach for local 
jurisdictions’ community-wide inventories. 


• Local government CAPs typically do not use consumption-based or life-cycle scopes of analysis for 
calculating GHG emissions because: (1) many emissions estimated in such analyses are outside of 
local jurisdictional control or substantial jurisdictional influence, and (2) such scopes of analysis result 
in double-counting of emissions in other California communities’ inventories or in other jurisdictions’ 
inventories elsewhere in the nation or the world. Many communities in California and across the world 
are already calculating and reducing emissions under other federal or international agreements or 
protocols, and thus the framework for emissions analysis in a CAP needs to recognize that a local 
agency is not responsible for reducing all consumption-based or life-cycle emissions. 


• While some agencies or organizations may still choose to prepare emissions inventories using a 
consumption-based or life-cycle analysis framework for various reasons (e.g., educational value 
related to consumer behavior or individual choices, or supply chain analysis for sustainable business 
operations), existing laws and guidance in California that address GHG emissions are focused on 
production-based emissions and do not require the State to reduce California’s comprehensive global 
consumption-based or life-cycle emissions. Further discussion regarding laws and regulations 
requiring GHG emissions reductions are addressed below. 


Emissions projections 
After the baseline GHG emissions inventory is completed, projections of future annual GHG emissions 
are prepared to estimate how emissions included in the inventory might change over time. The 
projections can be prepared in a series of scenarios, as described below: 


• Emissions projections typically start with projections of emissions into the future as the result of 
community growth in population, housing, and employment. This socioeconomic projection is typically 
referred to as the “business-as-usual” (BAU) scenario projection. It assumes no further action will 
be taken to reduce emissions by the local agency, State, or others, and is a hypothetical scenario for 
illustration and comparison purposes only. The BAU projection is typically prepared using projections 
that are consistent with the latest growth assumptions from the most recent local general plan, or 
from the most recent regional transportation plan and sustainable communities strategy (RTP/SCS) 
prepared by the regional metropolitan planning organization (MPO) in which the local entity is located, 
whichever is deemed to be most reliable and appropriate for the CAP per the lead agency. The local 
RTP/SCS for the San Diego region is San Diego Forward: The Regional Plan prepared by the San 
Diego Association of Governments (SANDAG).1  


• Once the BAU scenario has been quantified, future BAU emissions estimates are reduced based on 
quantified GHG-reducing actions. These actions apply to the projections because of “legislative 
actions” taken by State or federal agencies in the form of existing or planned regulations or programs; 
or, other mandated efforts that would be taken by other agencies or authorities other than the agency 
preparing the CAP. This scenario can be referred to as the “legislative-adjusted BAU scenario” 
and considers GHG reductions in future years. 


                                                      
1  The current RTP/SCS for the San Diego region, i.e., San Diego Forward: The Regional Plan, was adopted in October 2015. A new RTP/SCS 


is adopted every four years, consistent with federal regulations. 
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For both the BAU and the legislative-adjusted BAU scenarios, annual emissions are typically estimated 
for a series of future milestone or target years that are aligned with existing laws or policy guidance in 
California established to reduce statewide emissions. These include: 


• 2020 – per Assembly Bill (AB) 32 (adopted in 2006, also known as the Global Warming Solutions Act) 
which calls for reducing statewide emission to 1990 levels by the year 2020. 


• 2030 – per Senate Bill (SB) 32 which calls for a 40 percent reduction below 1990 levels by the year 
2030. SB 32 was adopted in 2016 and established the 2030 target set by Executive Order (EO) B-30-
15 into statute. 


• 2050 – per EO S-3-05 and reconfirmed by EO B-30-15, which call for an 80 percent reduction below 
1990 levels by the year 2050.  


Reducing the State’s emissions to 80% below 1990 levels by 2050 would be consistent with the 
Intergovernmental Panel on Climate Change (IPCC’s) analysis of the global emissions trajectory needed 
to stabilize atmospheric concentrations or CO2 at 350 parts per million or less, to “reduce the likelihood of 
catastrophic climate change.”2 The interim targets for 2020 and 2030 and the goal for 2050 are intended 
to meet these reduced emissions needed to limit global warming below two degrees Celsius, consistent 
with the Under2 MOU and the Paris Agreement.3 Therefore, by aligning with State laws and EOs, local 
CAPs are also aligning with these levels of GHG reductions, supported by climate science, to avoid the 
most catastrophic effects of climate change. Additional discussion regarding these statewide targets and 
how CAPs should align or be consistent with these targets is included in the following section. 


Identify GHG emissions reduction targets 
The second major step in the CAP planning process is to identify and establish GHG emissions reduction 
target(s) for one or more future years. GHG reduction targets are policies that express a local 
commitment to reduce annual GHG emissions in the future through a combination of local actions and 
actions taken by others.  


The targets should be developed in consideration of emissions in the baseline inventory while also 
considering the GHG emissions projections in future years. The targets can be expressed in several 
ways, including: 


• a specific mass emissions limit expressed in MTCO2e/yr (e.g., reduce emissions to 1 million 
MTCO2e or less by 2050); 


• a percent reduction below baseline or projection years (e.g., reduce emissions 40 percent below 1990 
levels by 2030); 


• a performance or efficiency metric based on normalizing annual emissions by population (e.g., reduce 
emissions to 2 MTCO2e per capita or less by 2050); or 


• a performance or efficiency metric based on normalizing annual emissions per service population 
(SP), which is expressed in MTCO2e per residential population + jobs located in the jurisdiction, in a 
projection year. (e.g., 4.6 MTCO2e/SP/yr by 2020). 


As discussed above, the GHG emissions projections prepared for future years should be aligned with 
policies set by the State through specific laws or EOs for the years 2020, 2030, and 2050.  


One of the challenging aspects of target-setting for local CAPs in California is that the State’s GHG 
reduction targets expressed in existing laws and policy guidance are measured against 1990 levels; 
however, local government emissions inventories do not exist for the year 1990 and are typically not 
possible because of a lack of available activity data and other required information. Thus, target setting in 
a local CAP tends to occur by relying on estimating a local agency’s “fair share” of the total statewide 
reductions required to achieve the State targets in future years.  


                                                      
2  California Air Resources Board. 2014 (May). First Update to the Climate Change Scoping Plan. 
3  California Air Resources Board. 2017 (November). California’s 2017 Climate Change Scoping Plan. 
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Methodological considerations for determining a local agency’s “fair share” of statewide reductions 
required to achieve the State targets are possible and are presented below, with a discussion of benefits 
and tradeoffs: 


• 2008 Scoping Plan method (i.e., 15 percent below “current” levels by 2020) – one of the earliest 
forms of guidance for setting local government targets was published by the California Air Resources 
Board (CARB) in the AB 32 Climate Change Scoping Plan (Scoping Plan) in 2008, which stated that 
local governments should reduce emissions by 15 percent relative to current levels by the year 2020. 
The Scoping Plan did not specify whether this guidance was applicable to community emissions, local 
government operations, or both; however, it was broadly interpreted as a minimum standard for use 
in setting GHG reduction targets for the year 2020 in CAPs. The meaning of “current” levels was 
subsequently clarified to mean 2005 to 2008 levels by CARB. Some communities also extrapolated 
post-2020 targets that demonstrated further reductions on the trajectory between the State’s 2020 
and 2050 targets, using the 15 percent target as guidance. 


• 2017 Scoping Plan method (i.e., 6 MTCO2e per capita by 2030) – CARB published the Draft 2017 
Scoping Plan in early 2017 for public review that establishes a roadmap for the State to achieve the 
2030 target established by SB 32. The Revised Plan was subsequently released in November 2017 
and includes new and more detailed guidance for local governments related to the analysis and 
mitigation of GHG emissions for plan-level efforts such as CAPs, as well as project-level analyses in 
CEQA. Per the Revised 2017 Scoping Plan, “CARB recommends that local governments evaluate 
and adopt robust and quantitative locally-appropriate goals that align with the statewide per capita 
targets and the State’s sustainable development objectives and develop plans to achieve the local 
goals.” The statewide targets for 2030 and 2050 are expressed as 6 MTCO2e per capita and 2 
MTCO2e per capita, respectively, and CARB states that “they were developed by applying the percent 
reductions necessary to reach the 2030 and 2050 climate goals (i.e., 40 percent and 80 percent, 
respectively) to the State’s 1990 emissions limit established under AB 32.” CARB goes on to state, 


Emissions inventories and reduction goals should be expressed in mass emissions, per 
capita emissions, and service population emissions. To do this, local governments can 
start by developing a community-wide GHG emissions target consistent with the 
accepted protocols as outlined in OPR’s General Plan Guidelines Chapter 8: Climate 
Change. They can then calculate GHG emissions thresholds by applying the percent 
reductions necessary to reach 2030 and 2050 climate goals (i.e., 40 percent and 80 
percent, respectively) to their community-wide GHG emissions target. 


The 2017 Scoping Plan was adopted by the CARB Board in December 2017. 


• Local targets as a “fair share” of State targets: while both methods identified above in different 
versions of the State’s Climate Change Scoping Plans provide some helpful guidance, ultimately local 
targets and calculation of “fair share” reductions can also be calculated proportional to the statewide 
level of reductions. Local targets can be estimated based on reductions that must be achieved below 
GHG emissions levels in the most recent statewide GHG emissions inventory to achieve the SB 32 
target by 2030, and estimating the proportional reductions required at the local level.  


Additional information on various methods to set reduction targets can be found in Technical Appendix I 
(GHG Inventories, Projections and Target Selection) to the ReCAP. 


Develop and adopt a local CAP 
The next step is to develop a strategic set of policy responses, including specific GHG reduction 
measures and associated actions to implement the policies, which form the “action plan” of a CAP. The 
GHG reduction measures included in a CAP are focused on local actions that the agency can take, either 
alone or in partnership with others. Technical Appendix II (GHG Reduction Calculation Methods for CAP 
Measures) to the ReCAP provides guidance on selecting and quantifying GHG reduction measures in 
a CAP.  


Some of the GHG reduction measures are regulatory in nature and within the jurisdictional authority 
provided to local governments, while other measures are program-level commitments that require 
partnerships or supporting functions for the local agency to engage in activities that are not necessarily 
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within local jurisdictional authority or entirely under the agency’s purview. Not all GHG reduction 
measures in a CAP may be mandatory; in fact, many voluntary measures in CAPs can be successful 
given the right mix of staffing, financial resources, and effective partnerships to enable significant actions 
that will reduce emissions.  


During this phase, the local agency typically produces a formal CAP document that summarizes the 
results of analyses conducted in the previous steps, along with details on the proposed GHG reduction 
measures and action strategies required to meet the GHG reduction targets. 


The typical chapters or components of a CAP document include: 


• Executive Summary; 


• Introductory chapter, including an overview of climate change issues and the purpose/goals of the 
CAP; 


• Chapter(s) summarizing the GHG emissions inventory, projections, and recommended GHG 
reduction targets; 


• Chapter(s) summarizing the GHG reduction measures required to achieve the targets; 


• Chapter(s) summarizing how the CAP will be implemented, monitored, and adjusted over time; and 


• Appendices that contain supporting technical documentation regarding detailed emissions modeling 
or measures analysis, results of public outreach, or other supporting information. 


A sample outline for a typical CAP document is provided as Attachment A to this document.  


Once a draft CAP document has been prepared, local agencies typically release the CAP for public 
review. In general, because a CAP is often adopted as a policy document by the local agency, it would 
typically be subject to State environmental review per the requirements of CEQA. Exceptions to this 
process may include policy documents that are not formally adopted or are found to be exempt from 
CEQA per Section 15061 of the CEQA Guidelines. Ultimately, local CAPs are designed to meet the 
needs of the individual agency and reflect their unique local conditions. For these reasons, local CAPs 
are often diverse and different from one another, and each local lead agency has the responsibility and 
authority to determine whether the CAP is subject to CEQA and the appropriate level of environmental 
review, if deemed necessary and appropriate. Further discussion regarding CEQA review for a proposed 
CAP, along with guidance for CAPs that are designed to meet the criteria defined in Section 15183.5 of 
the CEQA Guidelines to enable subsequent streamlining opportunities, are discussed in subsequent 
sections of this appendix. 


Following public review, the CAP document is typically revised in response to public comments and 
moved forward to hearing bodies for review and formal adoption.  


CAPs or similar components are also sometimes integrated into other plans, such as general plans, 
sustainability plans, hazard mitigation plans, or regional plans. Further discussion about these 
approaches is provided in subsequent sections of this appendix. 


2.2 Phase 2: Implement CAP 


Implementation of a CAP begins after the local agency adopts the CAP and begins to move forward with 
policies, programs or other “actionable” aspects of the GHG reduction measures identified in the CAP. In 
some cases, implementation means hiring staff, allocating funding, and creating new programs; in others, 
it can involve changing local codes and ordinances, and adjusting design or scoring criteria for public 
infrastructure investments.  


For CAPs that are set up to facilitate the streamlining of GHG analysis in subsequent projects per CEQA 
Guidelines Section 15183.5, the CAP itself or related documentation in the CAP (e.g., development 
review checklist) can serve as a guide for ensuring project-level consistency with certain applicable 
measures in the CAP. These aspects are discussed in subsequent sections of this appendix. 
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Local agencies may choose to develop a separate, detailed Implementation Plan for their CAPs. Having a 
separate Implementation Plan allows efficient updating to improve implementation of the CAP. As a 
freestanding document that is directly linked and cross‐referenced to the CAP, the agency can maintain 
the flexibility to regularly update the Implementation Plan without the necessity of amending the CAP. 
This flexibility may be desirable to address changes that occur over time and that may affect the agency’s 
vision, the availability of funding for programs, and future tools and technology that may be used to 
implement the CAP.  


The Implementation Plan is typically designed to be a key resource for agency staff in assuring that the 
goals and policies of the CAP are reflected in day‐to‐day agency operations and services, including 
preparing plans and programs, reviewing development proposals, and maintaining infrastructure. The 
Implementation Plan can be used as a work program, a framework for preparing departmental budgets, 
or as a monitoring tool to assess annual performance in achieving targeted goals for key implementation 
actions. Implementation is closely intertwined with the monitoring and update process described under 
Phase 3 below. 


An effective implementation program for a CAP typically includes the following: 


• Immediate, short-term, and long-term action steps; 


• Proposed measurable outcomes; 


• Responsible parties for implementation; and 


• Specific funding sources, where appropriate 


Implementation Plans may also include additional elements, such as costs to the agency and the 
community, including staffing needs and budget. Technical Appendix III (Benefit-Cost Analysis for CAP 
Measures) and IV (CAP Implementation Cost Analysis) provide guidance on performing varying levels of 
cost analysis for a CAP. A sample outline for an Implementation Plan is provided as Attachment B to this 
document. Ultimately, the components of an Implementation Plan for a CAP will be determined by the 
individual agency’s priorities.  


2.3 Phase 3: Monitor and report progress 


The final phase in the CAP is to monitor performance of the CAP and various measures included in the 
CAP, including verification of what types of results are being achieved both in terms of whether or not 
GHG reduction measures are implemented, but also in terms of how GHG emissions are changing over 
time after the CAP is adopted. Procedures specified in the CAP document should clearly identify the 
process, mechanisms, frequency, and timing of specific monitoring and verification activities. 


Monitoring and verification can be conducted using specific monitoring and verification tools that facilitate 
gathering and reporting of performance or activity data annually with respect to the GHG reduction 
measures. Additionally, conducting periodic updates to the GHG emissions inventory (i.e., annually, 
biennially, or triennially) is often recommended to account not just for the status and degree of success of 
actions being taken to reduce emissions, but also to measure the overall effects of growth and change in 
an agency or community that might have effects on annual GHG emissions. Technical Appendix VI (CAP 
Monitoring and Reporting) to the ReCAP provides guidance on monitoring and reporting 
CAP performance. 


As the local agency monitors and verifies results of both CAP implementation and GHG emissions in the 
aggregate, adjustments can be made by recommending periodic updates to the CAP. Some agencies 
may choose to review and update the CAP every few years following a GHG inventory update and 
evaluation of the existing CAP’s performance.  
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3. Overview of CEQA guidelines for GHG analysis 


The CEQA Guidelines include various provisions and guidance for analysis of GHG emissions for projects 
subject to environmental review in California. Key sections of the Guidelines on this topic are excerpted 
below, some of which relate to CAPs or components thereof, either directly or indirectly. It should be 
noted that the excerpted text is based on the 2018 version of the CEQA Guidelines and is intended to 
serve as a reference for local lead agencies. CEQA Guidelines are frequently updated to reflect case law 
and statutory changes. Local lead agencies should refer to the cited sections in the current version of the 
CEQA Guidelines to ensure they are relying on the latest information. Specific references to these 
excerpts may be discussed in subsequent sections of this appendix. 


3.1 Section 15064(h)(3) – Cumulative impacts  
and compliance with existing plans 


Climate change is an inherently cumulative and global environmental impact, resulting from cumulative 
global anthropogenic GHG emissions that are resulting in the warming of the Earth’s atmosphere and 
other related impacts. Substantial evidence supported by global scientific research published by the IPCC 
has demonstrated the extent to which cumulative global GHG emissions are causing climate change, as 
well as the level to which GHG emissions must be reduced by the middle of the 21st century to avoid the 
most catastrophic and irreversible effects of climate change. 


GHG emissions generated from one single project, or a single community, are not by themselves the 
cause of global climate change; however, GHG emissions from specific projects or from a community are 
incremental contributions to a cumulative effect. Thus, the guidance regarding cumulative impacts and 
compliance with existing plans in CEQA Guidelines Section 15064(h)(3) is relevant and applicable to both 
project-level and plan-level analysis of GHG emissions.  


A lead agency may determine that a project’s incremental contribution to a cumulative 
effect is not cumulatively considerable if the project will comply with the requirements in a 
previously approved plan or mitigation program (including, but not limited to, water quality 
control plan, air quality attainment or maintenance plan, integrated waste management 
plan, habitat conservation plan, natural community conservation plan, plans or 
regulations for the reduction of greenhouse gas emissions) that provides specific 
requirements that will avoid or substantially lessen the cumulative problem within the 
geographic area in which the project is located. Such plans or programs must be 
specified in law or adopted by the public agency with jurisdiction over the affected 
resources through a public review process to implement, interpret, or make specific the 
law enforced or administered by the public agency. When relying on a plan, regulation or 
program, the lead agency should explain how implementing the particular requirements in 
the plan, regulation or program ensure that the project’s incremental contribution to the 
cumulative effect is not cumulatively considerable. If there is substantial evidence that the 
possible effects of a particular project are still cumulatively considerable notwithstanding 
that the project complies with the specified plan or mitigation program addressing the 
cumulative problem, an EIR must be prepared for the project. 


3.2 Section 15064.4 – Determining significance of GHG emissions impacts 


The CEQA Guidelines also include guidance on how to determine the significance of GHG emissions in 
Section 15064.4. Notably, Section 15064.4(b)(3) provides some guidance that enables consideration of 
whether project-level emissions should be considered significant based on consistency with existing 
adopted plans (see also CEQA Guidelines Section 15125[d]). This is an important aspect that is 
expanded upon further in Section 15183.5. 
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(a) The determination of the significance of greenhouse gas emissions calls for a careful 
judgment by the lead agency consistent with the provisions in section 15064. A lead 
agency should make a good-faith effort, based to the extent possible on scientific and 
factual data, to describe, calculate or estimate the amount of greenhouse gas 
emissions resulting from a project. A lead agency shall have discretion to determine, 
in the context of a particular project, whether to:  


(1) Use a model or methodology to quantify greenhouse gas emissions resulting 
from a project, and which model or methodology to use. The lead agency has 
discretion to select the model or methodology it considers most appropriate 
provided it supports its decision with substantial evidence. The lead agency 
should explain the limitations of the particular model or methodology selected for 
use; and/or  


(2) Rely on a qualitative analysis or performance based standards.  


(b) A lead agency should consider the following factors, among others, when assessing 
the significance of impacts from greenhouse gas emissions on the environment: 


(1) The extent to which the project may increase or reduce greenhouse gas 
emissions as compared to the existing environmental setting; 


(2) Whether the project emissions exceed a threshold of significance that the lead 
agency determines applies to the project. 


(3) The extent to which the project complies with regulations or requirements 
adopted to implement a statewide, regional, or local plan for the reduction or 
mitigation of greenhouse gas emissions. Such requirements must be adopted by 
the relevant public agency through a public review process and must reduce or 
mitigate the project’s incremental contribution of greenhouse gas emissions. If 
there is substantial evidence that the possible effects of a particular project are 
still cumulatively considerable notwithstanding compliance with the adopted 
regulations or requirements, an EIR must be prepared for the project. 


3.3 Section 15064.7 – Thresholds must be based on substantial evidence 


While this section of the CEQA guidelines does not explicitly address thresholds for GHG emissions or 
climate change, it provides some helpful context for understanding the approach to thresholds of 
significance that might be developed by a lead agency for GHG emissions analysis.  


A critical point of this section is that thresholds must be based on substantial evidence, whether 
developed and adopted by a lead agency or by others.  


(a) Each public agency is encouraged to develop and publish thresholds of significance 
that the agency uses in the determination of the significance of environmental effects. 
A threshold of significance is an identifiable quantitative, qualitative or performance 
level of a particular environmental effect, non-compliance with which means the 
effect will normally be determined to be significant by the agency and compliance 
with which means the effect normally will be determined to be less than significant.  


(b) Thresholds of significance to be adopted for general use as part of the lead agency’s 
environmental review process must be adopted by ordinance, resolution, rule, or 
regulation, and developed through a public review process and be supported by 
substantial evidence.  


(c) When adopting thresholds of significance, a lead agency may consider thresholds of 
significance previously adopted or recommended by other public agencies or 
recommended by experts, provided the decision of the lead agency to adopt such 
thresholds is supported by substantial evidence. 
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3.4 Section 15183.5 – Tiering and streamlining analysis of GHG emissions 


This section of the CEQA Guidelines provides guidance and specific criteria for the development and 
adoption of CAPs for the specific purpose of tiering4 and streamlining analysis of GHG emissions for 
subsequent projects that are consistent with the plan. The tiering mechanisms that are specified include 
existing plans and associated programmatic Environmental Impact Reports (EIRs) that addressed plan-
level GHG emissions, as well as a specific “plan for the reduction of greenhouse gas emissions” that 
meets criteria specified herein. 


This section should not be viewed as establishing minimum standards for CAPs or other sustainability 
plans that do not have the specific goal or purpose of tiering and streamlining for future projects 
undergoing CEQA review; however, most of the criteria specified in Section 15183(b)(1) are generally 
consistent with the climate action planning process outlined earlier in this appendix.  


(a) Lead agencies may analyze and mitigate the significant effects of greenhouse gas 
emissions at a programmatic level, such as in a general plan, a long-range 
development plan, or a separate plan to reduce greenhouse gas emissions. Later 
project-specific environmental documents may tier from and/or incorporate by 
reference that existing programmatic review. Project-specific environmental 
documents may rely on an EIR containing a programmatic analysis of greenhouse 
gas emissions as provided in section 15152 (tiering), 15167 (staged EIRs) 15168 
(program EIRs), 15175–15179.5 (Master EIRs), 15182 (EIRs Prepared for Specific 
Plans), and 15183 (EIRs Prepared for General Plans, Community Plans, or Zoning).  


(b) Plans for the Reduction of Greenhouse Gas Emissions. Public agencies may choose 
to analyze and mitigate significant greenhouse gas emissions in a plan for the 
reduction of greenhouse gas emissions or similar document. A plan to reduce 
greenhouse gas emissions may be used in a cumulative impacts analysis as set forth 
below. Pursuant to sections 15064(h)(3) and 15130(d), a lead agency may determine 
that a project’s incremental contribution to a cumulative effect is not cumulatively 
considerable if the project complies with the requirements in a previously adopted 
plan or mitigation program under specified circumstances. 


(1) Plan Elements. A plan for the reduction of greenhouse gas emissions should: 


(A) Quantify greenhouse gas emissions, both existing and projected over a 
specified time period, resulting from activities within a defined geographic 
area;  


(B) Establish a level, based on substantial evidence, below which the 
contribution to greenhouse gas emissions from activities covered by the 
plan would not be cumulatively considerable;  


(C) Identify and analyze the greenhouse gas emissions resulting from specific 
actions or categories of actions anticipated within the geographic area;  


(D) Specify measures or a group of measures, including performance 
standards, that substantial evidence demonstrates, if implemented on a 
project-by-project basis, would collectively achieve the specified emissions 
level; 


(E) Establish a mechanism to monitor the plan’s progress toward achieving the 
level and to require amendment if the plan is not achieving specified levels;  


(F) Be adopted in a public process following environmental review. 


(2) Use with Later Activities. A plan for the reduction of greenhouse gas emissions, 
once adopted following certification of an EIR or adoption of an environmental 


                                                      
4  The CEQA concept of "tiering" refers to the coverage of general environmental matters in broad program-level EIRs, with subsequent 


focused environmental documents for individual projects that implement the program. 
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document, may be used in the cumulative impacts analysis of later projects. An 
environmental document that relies on a greenhouse gas reduction plan for a 
cumulative impacts analysis must identify those requirements specified in the 
plan that apply to the project, and, if those requirements are not otherwise 
binding and enforceable, incorporate those requirements as mitigation measures 
applicable to the project. If there is substantial evidence that the effects of a 
particular project may be cumulatively considerable, notwithstanding the project’s 
compliance with the specified requirements in the plan for the reduction of 
greenhouse gas emissions, an EIR must be prepared for the project. 


(A) Special Situations. As provided in Public Resources Code sections 21155.2 
and 21159.28, environmental documents for certain residential and mixed 
use projects, and transit priority projects, as defined in section 21155, that 
are consistent with the general use designation, density, building intensity, 
and applicable policies specified for the project area in an applicable 
sustainable communities strategy or alternative planning strategy need not 
analyze global warming impacts resulting from cars and light duty trucks. A 
lead agency should consider whether such projects may result in greenhouse 
gas emissions resulting from other sources, however, consistent with these 
Guidelines. 


4. Requirements for a “qualified” CAP 


This section provides a more detailed description and guidance regarding development and adoption of a 
“qualified” CAP for purposes of Section 15183.5.  


First, the word “qualified” does not appear anywhere in Section 15183.5 of the CEQA Guidelines. 
However, the concept of having a “qualified” CAP has been used often amongst California planning 
professionals in recent years, with the general understanding that this means that a CAP meets the 
criteria specified in Section 15183.5(b) for a “plan for the reduction of greenhouse gas emissions,” such 
that a “qualified” CAP may then be used for the specific purpose of streamlining the analysis of GHG 
emissions in subsequent projects. Similarly, there is no specific “qualification” process defined in 
Section 15183.5. 


4.1 Plan elements – Section 15183.5(b)(1) 


CEQA Guidelines Section 15183.5(b)(1) establishes criteria to guide the preparation of a “plan for the 
reduction of greenhouse gas emissions.” However, it does not establish absolute requirements or 
minimum standards, but states that these “Plan Elements” should be followed. Keeping this in mind, lead 
agencies have discretion in how they demonstrate consistency with these criteria.  


(1) Plan Elements. A plan for the reduction of greenhouse gas emissions should 
[emphasis added]: 


(A) Quantify greenhouse gas emissions, both existing and projected over a 
specified time period, resulting from activities within a defined geographic 
area; 


This first criterion aligns with Phase 1 in the climate action planning process outlined earlier in this 
appendix. An existing baseline GHG emissions inventory should be prepared, along with projections (or 
forecasts) of future emissions.  


The “specified time period” should be aligned with the specific target years of 2020, 2030, and 2050 per 
State targets defined in AB 32, SB 32, and EOs B-30-15 and S-3-05.  
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Regarding the sources of emissions or “activities” that may be in a “defined geographic area”, the 
Guidelines do not specify further exactly what geographic area should be used. However, as discussed 
previously under Phase 1 earlier in this appendix, per existing GHG emissions inventory protocols and 
the scope of analysis being used by the State pursuant to AB 32 and SB 32, a GHG inventory and 
projections should focus on activity-based emissions within the local jurisdictional boundaries of the 
community or within the regional context over which the local agency may have substantial jurisdictional 
influence. For example, on-road transportation emissions in the region are attributable to one or more 
jurisdictions in the region, and thus a framework for calculating and forecasting this category may be 
focused on the origin/destination of trips and associated VMT5, and creating a system to split regional 
VMT pursuant to the Regional Targets Advisory Committee recommendations submitted to CARB per 
SB 375.  


Furthermore, a “defined geographic area” seems to suggest that emissions included in a CAP should be 
focused on a defined area; this is different from a consumption-based or life-cycle scope of analysis that 
could include emissions from anywhere in the world, which would seem to be inconsistent with this 
criterion. As described in Technical Appendix I (GHG Inventories, Projections, and Target Selection) to 
the ReCAP, the activity-based approach is the standard practice for local jurisdictions’ community-wide 
inventories in California.  


(B) Establish a level, based on substantial evidence, below which the 
contribution to greenhouse gas emissions from activities covered by the 
plan would not be cumulatively considerable; 


This second criterion is aligned with Phase 1 in the climate action planning process outlined earlier, which 
include setting targets (or levels) for reducing community-wide emissions in future years. Local agencies 
may choose to align their projections and targets with specific targets defined for 2020, 2030, and 2050 
per State targets defined in legislation (i.e., AB 32 and SB 32) and State EOs (i.e., EOs B-30-15 and S-3-
05). The reduction targets specified by the State are consistent with substantial scientific evidence 
published by the IPCC and the United Nations Framework Convention on Climate Change (UNFCCC) 
regarding the need to ultimately reduce global GHG emissions down to 80 percent below 1990 levels by 
2050, as described above. 


Local agencies may also choose to establish specific emissions limits to describe their target levels that 
are based on a proportional, fair-share of local reductions that must be achieved to complement the 
State’s emission reduction targets. There is no specific guidance in Section 15183.5 on what specific 
metrics or thresholds should be used in a CAP; however, as described under Section 2 of this appendix, 
plan-level guidance was recently issued by CARB in the 2017 Scoping Plan.  


Ultimately, local lead agencies have discretion on what levels or targets are established in a “qualified” 
CAP, provided they are based on substantial evidence. 


(C) Identify and analyze the greenhouse gas emissions resulting from specific 
actions or categories of actions anticipated within the geographic area; 


This criterion is aligned with aspects of climate action planning phases previously described. It is aligned 
with the GHG emission inventory and projections process under Phase 1, including identification and 
quantification of legislative actions taken by the State or others to reduce emissions pursuant to existing 
legislation, regulations, or policies. This criterion could also include an analysis of existing local actions 
already being taken by the local agency, other local agencies, or organizations that could have an 
ongoing effect of either increasing or reducing emissions in the future, which is typically addressed during 
the later stages of Phase 1 when specific actions and measures are in development. 


The words “anticipated within the geographic area” seem to suggest that the local agency should focus 
their analysis on what is known or anticipated within their local or regional context and area of 
jurisdictional control or substantial influence, rather than engage in analysis of remote, speculative, or 
unknown actions elsewhere using consumption-based or life-cycle scopes of analysis.  


                                                      
5 Details on the origin-destination method of VMT estimation are provided in Technical Appendix I (GHG Inventories, Projections, and Target 


Selection)  
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(D) Specify measures or a group of measures, including performance 
standards, that substantial evidence demonstrates, if implemented on a 
project-by-project basis, would collectively achieve the specified emissions 
level; 


This criterion is aligned with Phase 1 in the climate action planning process, which include development 
of specific actions in an action plan that demonstrate how the GHG reduction target will be achieved and 
defining implementation assumptions and procedures for carrying out the measures in a CAP.  


CAPs that address community-wide GHG emissions sources are comprehensive and typically address all 
sources of emissions in a community. This includes current emissions documented in the baseline 
emissions inventory, which is reflective of the existing built environment, and future emissions that reflect 
both existing emissions and additional emissions associated with growth and change in a community, 
including emissions associated with future “projects” that could be subject to review under CEQA.  


GHG reduction measures in a CAP are similarly designed to address both existing emissions and future 
emissions associated with growth and change; therefore, it would be incorrect to assume that all GHG 
reduction measures must apply to future projects subject to environmental review, or that future 
discretionary projects would be solely responsible for achieving the “specified level” (i.e., GHG reduction 
target) for an entire community, as a narrow reading of this criterion might suggest.  


GHG reduction measures included in a CAP typically include a subset of measures that are designed to 
reduce GHG emissions from activities in existing homes, businesses, or other aspects in the existing built 
environmental, and thus will not usually be applicable on a “project-by-project” basis during development 
review, with some limited exceptions (i.e., redevelopment, rehabilitation, or other similar activities). 
Considerations for selecting GHG reduction measures is discussed in Technical Appendix II (GHG 
Reduction Calculation Methods for CAP Measures) to the ReCAP.  


For the subset or group of GHG reduction measures that are applicable to new development, local 
agencies should clearly identify the mechanisms that will be used to implement the measures and apply 
the measures through development review. Some measures that could be applicable to new development 
may be programmatic in nature, while others may include actionable requirements to be applied at the 
project-level. Several options are possible for defining how GHG measures will apply to a project: 


• Some GHG reduction measures or performance standards applicable to new development can be 
implemented through codes, ordinances, or other rating systems, such as the building code (e.g., 
adopting CALGreen Tier 1, LEED, or other green building standards or rating systems), zoning code 
updates, or other new or updated design or development standards that would need to be proposed 
and adopted separately from the CAP.  


• Some local lead agencies have opted to use a tool, such as a CAP Consistency Review Checklist. 
These checklists are used during the development review process to ensure that the project is either 
designed to be consistent with applicable GHG reduction measures, or would incorporate applicable 
measures either in the project description or as condition of approval. Accordingly, GHG reduction 
measures or related actions in the CAP should be written as specifically as possible and integrated 
into the Checklist, such that staff can make a compliance determination for the project upon receipt of 
a completed checklist from the project proponent. Similarly, the Checklist itself should provide 
adequate guidance to the project proponent so that the Checklist can be completed in a reasonable 
amount of time, and without requiring substantial new analysis. 


• Several local lead agencies in the San Diego region have developed CAP Consistency Review 
Checklists based on their qualified CAPs. Examples include the City of San Diego, the City of 
Carlsbad, and the County of San Diego. GHG reduction measures in a CAP that are determined to be 
applicable at the project-level and could be used for tiering by future projects should be specified as 
mandatory, and not as voluntary measures that may not be enforced during development review. If 
the GHG reduction measures applicable at the project-level are not framed as mandatory measures 
in a CAP, they must become mandatory, either as performance standards or prescriptive 
requirements through codes or standards or included in a CAP Consistency Checklist or other similar 
mechanism. 
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• Conversely, not all GHG reduction measures in a CAP may need to be “mandatory” in nature. 
Voluntary, incentive-based measures can also result in actions that reduce existing emissions. Thus, 
local agencies should not be discouraged from including a mix of mandatory and voluntary measures 
in a CAP, if the specific group of GHG measures deemed applicable to future discretionary projects 
are mandatory and provide for clear, specific, and enforceable actions that will reduce emissions, for 
tiering and streamlining purposes. 


Ultimately, local agencies should put forth their best efforts to make sure that GHG reductions associated 
with the primary measures in a CAP are quantifiable and based on substantial evidence. Measures that 
are not quantifiable should not be relied upon for tiering and streamlining, unless they are supporting 
actions that are essential to achieve quantified GHG reductions from other measures. 


Local agencies should also focus on measures that can feasibly be implemented within the timeframe of 
the CAP, based on reasonably foreseeable staffing and funding resources, the effectiveness of the CAP 
measures, available technologies, and other factors. Assumptions and procedures for how GHG 
reduction measures will be implemented should clearly identify: 


• Method of implementation (e.g., What action will be taken? Code or other requirements applied 
during development review? New community-facing education program to motivate action? New 
incentive or financing program? Changes to an existing procurement practice?) 


• Responsible parties who play a role in implementation (e.g., agency/department with primary 
responsibility for implementation of the CAP? Local agency? Other agencies or utilities?  
Regulated entities, such as a developer or builder? Existing residents or businesses? Non-profits or 
other organizations?) 


• Timing or schedule (e.g., When will the measure be implemented? Near-term, mid-term or long-term? 
Is it a one-time action, a phased program, or an existing/ongoing activity?) 


• Staffing and Costs (e.g., What resources are required by the local agency or others to develop and 
implement the program, such as full-time equivalent [FTE] positions and staff costs? New capital or 
operational costs: are they quantifiable now, and if so how much? Is outside grant funding from public 
agencies or private foundations available?) Technical Appendix IV (CAP Implementation Cost 
Analysis) provides guidance on developing cost estimates for CAP implementation.  


In some cases, as with most long-range community-wide plans that are like a CAP, not all the 
implementation details are known or can be known at the time a CAP is prepared. The specific 
implementation pathways and assumptions may need to be determined or refined during the actual 
implementation process. If subsequent studies or more detailed planning and implementation actions are 
required after the CAP is adopted, those uncertainties and conditions should be explained in the analysis. 
Definitions for how time intervals are categorized (e.g., what does short-term refer to, what does 
“ongoing” mean in the context of measure implementation) should also be included to aid in development 
of implementation plans and cost studies.  


(E) Establish a mechanism to monitor the plan’s progress toward achieving the 
level and to require amendment if the plan is not achieving specified levels;”  


This criterion aligns with Phase 3 in the planning process and speaks to the need to monitor the 
implementation and performance of the CAP and its GHG reduction measures to ensure that the CAP 
stays on track to meeting the GHG reduction targets. If the monitoring process shows that the CAP is not 
on track to meet established GHG reduction targets, amendments to the plan would be required to make 
adjustments and realign with reduction targets. Technical Appendix VI (CAP Monitoring and Reporting) to 
the ReCAP provides guidance on monitoring and reporting CAP performance. 


Monitoring and verification procedures should be framed clearly in the implementation or monitoring 
sections of the CAP, and can include number of future activities, as described below: 


• Review and reporting on the implementation status of the CAP, including the status and performance 
of GHG reduction measures, should typically occur annually, or biennially at minimum. CAP 
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monitoring and progress reporting requires adequate staffing and a commitment by the local agency 
to review and report back to the decision-makers regularly and consistently. 


• Key indicators or performance criteria should be identified for monitoring all quantifiable GHG 
reduction measures, such that future review and reporting efforts can provide meaningful updates on 
the status and performance of measures easily and consistently over time. Indicators and metrics 
should focus on data that is readily and consistently available from year to year, and requires minimal 
processing time on the part of staff conducting the analysis. Qualitative reporting may also be 
important to understand successes, barriers, or challenges in implementing measures. 


• Periodic review and updates to the GHG emissions inventory should typically occur to understand 
how GHG emissions are changing over time, which considers not just the performance of the CAP 
but other factors as well. While annual GHG inventory updates would be ideal, at this time, this is 
infeasible for most local agencies because of the time, complexity, and cost for preparing inventories 
in a manner that is consistent with adopted protocols and ensures accurate and meaningful 
comparisons with the original baseline inventory. These challenges may dissipate over time as data 
collection and inventory update methods become more streamlined, and it may become more 
feasible for agencies to perform inventory updates more frequently. 


(F) Be adopted in a public process following environmental review.” 


Adoption of a proposed community-wide plan, such as a qualified CAP or other “plan for the reduction of 
greenhouse gas emissions”, is a “project” and, therefore, subject to environmental review under CEQA. 
More detailed discussion regarding CEQA documents prepared for CAPs and related issues are 
discussed in Section 5 of this appendix.  


4.2 Use of GHG reduction plan with later activities – Section 15183.5(b)(2) 


Per the CEQA Guidelines, “An environmental document that relies on a greenhouse gas reduction plan 
for a cumulative impacts analysis must identify those requirements specified in the plan that apply to the 
project, and, if those requirements are not otherwise binding and enforceable, incorporate those 
requirements as mitigation measures applicable to the project.”  


Accordingly, the GHG analysis in a CEQA document prepared for a project seeking to tier from a 
“qualified” CAP using CEQA Guidelines Section 15183.5 must demonstrate consistency with 
“requirements” in the CAP, which should include: (1) all applicable GHG reduction measures in the CAP, 
and (2) demonstration of consistency with adopted plans and associated growth forecasts that were 
assumed in the CAP.  


As previously discussed regarding Section 15183.5(b)(1), a “qualified” CAP or similar plan should define 
which measures are applicable to development projects, as well as the mechanism with which they will be 
implemented or enforced. The Guidelines here also suggest that “if those requirements are not otherwise 
binding and enforceable”, the project proponent or lead agency must “incorporate those requirements as 
mitigation measures applicable to the project.” This could be interpreted to mean that certain measures in 
a CAP, or similar plan for the reduction of GHG emissions, may not always be clearly framed as binding 
and enforceable (i.e., mandatory) requirements; however, they must be incorporated as binding and 
enforceable mitigation measures applicable to the project through project-level GHG analysis prepared 
for the project CEQA document.  


Furthermore, many GHG emissions reduction measures included in CAPs are scaled based on 
participation rates and other parameters that may not always result in a specific allocation of GHG 
reductions to the project level. However, they can be derived based on per capita, per unit, or other 
variables tied to demographic forecasts from existing adopted plans or forecasts from other documents 
such as environmental documents for adopted plans, as deemed appropriate by the lead agency. These 
plans could include a general plan or another type of plan tied to growth forecasts (e.g., specific plans), 
from which GHG emissions projections and reduction measures are ultimately calculated. Thus, to 
demonstrate project-level consistency with a “qualified” CAP, projects would need to demonstrate that 
they would not conflict with adopted plans with which the emissions projections are associated.  
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However, a deviation from growth projections alone may not deem a project inconsistent with the CAP. 
For example, a project may propose an amendment to a plan that leads to lower intensity of GHG 
emissions compared to original designations. In this case, the project may be deemed consistent with the 
CAP. A local lead agency may also choose to set efficiency-based GHG reduction targets (e.g., on a per 
capita or per service population basis) in the CAP, consistent with guidance in the CARB Scoping Plan. In 
those cases, future projects that deviate from growth projections may be required to demonstrate 
consistency with these efficiency metrics to show that they would not disrupt achievement of the CAP’s 
overall targets. Lastly, local lead agencies may require projects that propose land use amendments or 
annexations to mitigate their incremental growth over existing designations to ensure that growth in GHG 
emissions stays in line with CAP projections. This approach may be applicable if a CAP uses mass 
emissions-based or percent reduction-based targets. Ultimately, the lead agency has discretion in 
choosing the appropriate reduction targets for its CAP and specifying compliance mechanisms for 
projects that may not be consistent with growth anticipated under adopted plans. 


Again, several pathways are possible given this guidance:  


• Local lead agencies may choose to implement specific GHG reduction measures that apply to new 
development projects through codes, ordinances, development standards, or other existing regulatory 
mechanisms that result in “binding and enforceable” GHG reduction standards. In this case, no 
additional mitigation would be required in the CEQA document because the lead agency already 
imposes these requirements through regulation. This approach would shift the burden away from staff 
or the applicant to show consistency with the CAP itself or adopted plans, and towards compliance 
with enforceable standards designed to achieve a specific level of GHG emissions reductions per unit 
or per project. 


• Local lead agencies may choose to use a development review checklist, such as a CAP Consistency 
Checklist or other similar mechanism that, once completed, demonstrates how a project is consistent 
with a CAP. The first step of the Checklist would typically focus on consistency with associated land 
use plans and growth forecasts used to develop the emissions projections in the CAP. The second 
step of CAP consistency would include information on how the project complies with applicable GHG 
reduction measures in the CAP. Applicable GHG reduction measures may be included as either (1) 
design features included in the project description, or (2) mitigation measures in the project’s CEQA 
document. In this case, a completed CAP Consistency Review Checklist would be included as 
supporting documentation used in the GHG analysis and appended to the CEQA document. The 
completed Checklist would need to clearly demonstrate not only which GHG measures are applicable 
to a project, but also the means in which they are “binding and enforceable.” 


4.3 Streamlining per SB 375 for specific situations – Section 15183.5(c) 


Certain residential, mixed-use, and transit priority projects that are consistent with criteria defined under 
SB 375 and are found to be consistent with general use designations, density, building intensity, and 
applicable criteria in a RTP/SCS (or Alternative Planning Strategy) need not analyze mobile source 
emissions from cars and light duty trucks in their CEQA GHG analysis. 


SB 375 streamlining for the above project types does not cover all mobile sources of GHG emissions, 
such as medium- or heavy duty on-road vehicles, or off-road vehicles. Thus, projects that are exempt 
from analyzing emissions from cars and light-duty trucks still need to analyze GHG emissions from other 
transportation category sources. 


4.4 Types of CAPs or GHG reduction plans 


Local agencies may seek to develop and adopt CAPs or other similar plans that do not have the intended 
purpose of providing for the tiering and streamlining of GHG analysis for subsequent process under 
CEQA. In such cases, these plans may still function as important policy documents with actionable 
measures or programs to reduce GHG emissions, or achieve other sustainability goals or outcomes in 
addition to reducing GHG emissions. These CAPs may lay out a general framework or menu of actions, 
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but do not meet all the criteria required for streamlining future projects. Local agencies may also choose 
not to formally adopt a CAP or conduct environmental review.  


There are no existing requirements for any local government to prepare a CAP under AB 32, SB 32, or 
other State laws. However, local governments that prepare updates to general plans or other community-
wide plans may find that preparation and adoption of a CAP or similar GHG reduction plan or strategy, 
either as a stand-alone document or as a companion to a general plan update or integrated with a 
Program EIR prepared for general plan update, may serve to identify feasible community-wide strategies 
to reduce GHG emissions associated with a proposed action. But even in such cases, CAPs or GHG 
reduction plans prepared for such a purpose are not required to be consistent with the criteria defined in 
CEQA Guidelines Section 15183.5. Compliance with Section 15183.5 guidelines is purely at the 
discretion of local lead agencies. 


Local agencies may choose this option if they would not benefit from or are otherwise not interested in the 
streamlining provisions of a qualified CAP. Such plans may include goals and strategies related to GHG 
reduction, but may not specify implementation details and monitoring timelines that are required under 
Section 15183.5. These plans may also focus on a single, short-term reduction goal as opposed to 
multiple target years that align with the State’s milestone years. The primary difference from a qualified 
CAP is that a policy-based CAP or other plan would not have the ability to provide CEQA streamlining for 
GHG analyses of future development projects.  


5. CEQA documentation for a “qualified CAP” 


5.1 Environmental review of CAP 


CEQA Guidelines Section 15183.5 does not require any specific level of environmental review or process 
for a qualified CAP. The criterion listed under “Plan Elements” in 15183.5(b)(1) only states that such a 
plan should “(F) Be adopted in a public process following environmental review.” 


The following sections provide information on scope of analysis and types of environmental documents 
that may be prepared for a CAP.  


5.2 Scope of analysis and types of documents  


Lead agencies should consider the nature of the proposed action to adopt a CAP, along with reasonably 
foreseeable compliance responses to the proposed action and potential environmental effects associated 
with such compliance responses.  


Generally, a CAP or other plan for the reduction of GHG emissions is prepared for the purposes of 
protecting or benefitting the environment by helping to reduce a local community’s contribution to GHG 
emissions. For this reason, some lead agencies may exempt a CAP, while others may prepare initial 
studies/negative declarations (IS/NDs) or EIRs. GHG reduction measures in a CAP may result in 
compliance responses that involve physical activities that have adverse environmental effects, such as 
construction of new facilities, modifications to existing facilities, new infrastructure, or other actions that 
could require further analysis in an initial study or require the preparation of an EIR. On the other hand, a 
policy document that does not specify measures that may have adverse environmental effects may be 
processed with a CEQA exemption under Section 15308 (Actions by Regulatory Agencies for Protection 
of the Environment). A CAP processed with a CEQA exemption would have limited streamlining 
opportunities because of the potential narrowness of GHG reduction measures and their limited 
applicability to new development.  


Examples of environmental review and types of documents that could be prepared for a CAP under  
CEQA include: 


• Initial Study and Negative Declaration (IS/ND) or Initial Study and Mitigated Negative 
Declaration (IS/MND): preparation of an Initial Study (IS) is a common “first step” in the 
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environmental review process for many lead agencies. The decision to issue either a Negative 
Declaration (ND) or Mitigated Negative Declaration (MND) following completion of the IS (rather than 
prepare an EIR) is informed both by evidence-based conclusions, along with a determination by the 
lead agency that the level of review is adequate and that no significant environmental impacts would 
occur without/with mitigation, respectively. Because only a fair argument of a potentially significant 
impact need be raised on an IS/ND or IS/MND to require the preparation of an EIR, some lead 
agencies choose to prepare an EIR without preparation of an IS. As a result, when a significant 
impact is known to occur or there is potential to raise a fair argument of a significant impact, an 
agency may streamline the environmental review process and proceed directly to preparation of  
an EIR.  


• Addendum to an EIR: In some cases, the use of an Addendum to a previously certified EIR may be 
appropriate for a CAP, such as an Addendum to a Program EIR prepared for a General Plan. In this 
case, the adequacy of the use of an Addendum is contingent upon meeting specific criteria outlined in 
the CEQA Guidelines related to whether a subsequent EIR is required (see Sections 15162, 15163 and 
15164). Key to that evaluation is determining whether the full scope of the CAP and its compliance 
responses were adequately evaluated in the certified EIR or whether supplemental review may be 
required.  


• Situations where supplemental review may be warranted include conditions when new information or 
substantial changes may have occurred because the original EIR or Program EIR was certified (e.g., 
new State GHG reduction targets per SB 32), which may not be consistent with the current setting or 
parameters under which a CAP is subsequently developed. Additionally, once a CAP is developed, 
more details may be known with respect to the nature of compliance responses or subsequent 
actions that would be implemented, and those actions could result in new or substantially more 
severe significant effects that were not previously evaluated. Thus, the scope of analysis in the 
Program EIR may not be sufficiently detailed. In these cases, the use of an Addendum may not be 
feasible. 


• Subsequent/Supplemental IS/MND or EIR: Preparation of a subsequent/supplemental 
environmental document can help to reduce the level of review compared to a full scope, stand-alone 
environmental document. Preparation of a subsequent/supplemental IS/MND or EIR is required if the 
CAP would trigger any of the requirements under Sections 15162 and 15163 of the CEQA 
Guidelines. A subsequent/supplemental environmental document provides a streamlining opportunity 
by narrowing the focus of evaluation to those issues that were not adequately addressed in a prior 
document.  


• EIR: the decision to prepare an EIR, or a focused EIR, for a CAP may be appropriate for lead 
agencies who find that certain impacts may be significant and would be difficult to mitigate, the issues 
where impacts occur cover a broad range of topics, and a previous environmental document has not 
been prepared to evaluate  
the impacts. 


6. Project streamlining using a “qualified” 
CAP and CEQA document 


6.1 Options under CEQA 


A lead agency has many tools available in the streamlining of its environmental analysis. As it pertains to 
CAPs, CEQA provides different options, depending on the situation, where lead agencies can use 
information from previously prepared and certified environmental documents. These streamlining options 
can be used individually or in combination.  


• Incorporation by reference – Section 15150: This section of the CEQA Guidelines allows a lead 
agency to incorporate all or a portion of another document in its analysis. When doing so, a lead 
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agency must describe the incorporated information in the new environmental document and make the 
incorporated document available for public review. This provision allows lead agencies to avoid 
duplicating environmental analysis and the presentation of highly technical information. Key to the 
success of incorporating by reference is ensuring that the public can easily understand the 
information being incorporated and have easy access to that information when reviewing the 
environmental document. 


• Tiering – Section 15152: This section of the CEQA Guidelines allows the use of information contained 
in a broader EIR with a later environmental document. This approach can limit repetitive discussions 
and allow the later environmental document to focus only on the issues that are relevant to that specific 
project. Tiering has specific limitations in that a lead agency cannot prepare an IS/ND or IS/MND that 
tiers from an up tier environmental document where significant and unavoidable impacts are identified. 
This limitation has been clarified through the courts in Communities for a Better Environment v. 
California Resources Agency (2002) 103 Cal.App.4th 98. Therefore, a lead agency would be required to 
prepare an EIR or focused EIR in these situations. However, it should be noted that the proposed 
updates to the CEQA Guidelines prepared by the Governor’s Office of Planning and Research are 
intended to apply tiering more broadly in the context of supplemental environmental reviews and 
encourage lead agencies to use the more specific provisions of other streamlining mechanisms such as 
Program EIRs. 


• Program EIRs – Section 15168: This section of the CEQA Guidelines allows the preparation of one 
EIR that evaluates a series of actions that can be characterized as one large project and are related 
either geographically, as parts of a whole project, as part of regulations, or as actions carried out 
under the same statutory authority. Because of their scope (e.g., covering an entire jurisdiction) and 
because they require the implementation of a variety of actions (e.g., compliance responses), CAPs 
may be evaluated under a Program EIR. Program EIRs allow the broad consideration of the effects of 
the program and alternatives that could occur in an individual project EIR, allow the comprehensive 
evaluation of cumulative impacts, allow lead agencies to apply policy considerations broadly and 
consider program-wide mitigation that could be applied at the individual project level, and avoids 
repetitive analysis in subsequent project-level documents.  


Key to the success of preparing Program EIRs is that a lead agency must fully describe and evaluate all 
project elements and actions that could occur under the program so that as specific projects are 
proposed, a lead agency can make a “within the scope” finding for those actions. When a lead agency 
can make this finding, subsequent environmental review is limited to only those issues that were not 
covered in the Program EIR. If a “within the scope” finding can be made, no new environmental document 
would be required. If some effects were determined to not have been evaluated in the Program EIR, then 
the lead agency would prepare an IS to evaluate only those effects. This evaluation would lead to the 
preparation of a ND/MND or EIR. Unlike the tiering provisions of CEQA, if a Program EIR identifies 
significant and unavoidable impacts for an environmental resource, a lead agency could prepare a 
subsequent IS/ND or IS/MND that relies upon the Program EIR if the project would not result in any new 
or more severe environmental impacts than previously evaluated in the Program EIR.  
As illustrated above, CEQA provides different options for project streamlining. Ultimately, the appropriate 
level  
of CEQA review would depend upon the components of the CAP and would be up to the discretion of the  
lead agency. 


7. Legal or other considerations 


7.1 What, if any, are the legal definitions of an 
“enforceable” CAP or a “legally binding” CAP? 


There are no legislative or other quasi-judicial requirements that local agency CAPs (or other qualified 
plans for the reduction of GHG emissions) are or need to be legally binding or otherwise enforceable 
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plans. Furthermore, there are no such requirements mandating the preparation or adoption or 
implementation of a CAP. A CAP/GHG reduction plan is a planning-level document that can be prepared 
and administered by a local agency if it so chooses. If a local agency decides to prepare a CAP, it can 
follow the provisions of CEQA Guidelines Section 15183.5 identifying the elements of a qualified plan for 
the reduction of GHGs. Once a “qualified” plan is adopted, future project-level environmental reviews can 
qualify for CEQA streamlining benefits.  


However, it is possible for a local agency to take actions that may, in effect, make a CAP, or elements 
thereof, enforceable or legally binding. For example, if a lead agency adopts a measure to reduce GHG 
emissions as part of a CEQA Mitigation Monitoring and Reporting Program (MMRP), and that measure 
requires the adoption of a CAP that meets specified performance standards and/or includes specified 
GHG reduction measures, or otherwise commits the agency to including specific elements in a CAP, then 
those aspects of the CAP could be considered enforceable or legally binding.  


This section provides reference materials for local public agencies in the San Diego region to help them 
make informed decisions as part of local climate action planning processes. This section is provided for 
informational purposes only and is not intended to convey or constitute legal advice. 


7.2 Can a qualified CAP become “unqualified?” 


Existing qualified CAPs previously adopted to meet Section 15183.5 criteria may become outdated and 
found to no longer be “qualified.” This could occur for several reasons, including: 


• Outdated or incomplete GHG reduction targets: An adopted qualified CAP may have a near-term 
focus, in terms of GHG reduction targets and associated reduction measures that are consistent with 
the 2020 target established in AB 32, but are not consistent with a longer-term 2030 target expressed 
in SB 32 because they were adopted before SB 32 was passed in Fall 2016. In such cases, a local 
CAP may no longer be considered “qualified” to meet the criteria in CEQA Guidelines Section 
15183.5. CAPs designed only to achieve a 2020 target now have a limited shelf life, given that the 
year 2020 is rapidly approaching and many current or future projects undergoing environmental 
review will have construction and buildout timeframes extending beyond the year 2020. Thus, 
updates to some CAPs may be warranted to ensure that they are consistent with the 2030 target per 
SB 32, or other future targets for future years established by State law. (See previous sections 
regarding CAP targets and Plan Elements for a qualified CAP under Section 15183.5) 


• Outdated GHG emissions projections: GHG emissions projections for future years (i.e., 2020, 
2030, and 2050) are typically prepared based on growth forecasts consistent with adopted land use 
plans, such as a lead agency’s general plan, housing element, or the RTP/SCS for the MPO in which 
the jurisdiction is located. Substantial changes in growth projections, substantial general plan 
amendments, or other substantial changes to adopted plans or associated growth forecasts may 
result in the CAP becoming outdated and require updates to ensure that GHG emission projections 
and calculations of GHG reductions apportioned or scaled according to applicable growth rates or 
demographic variables (e.g., per unit, per capita) are still valid.    
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• Monitoring and reporting: Once a CAP is adopted, monitoring and reporting on CAP 
implementation is a critical activity to ensure that a CAP remains “qualified.” Active monitoring and 
regular reporting on CAP implementation efforts (i.e., at least annually), includes periodically 
quantifying outcomes by reporting on the individual performance of GHG reduction measures and 
periodically updating annual GHG emissions inventories; these actions can bolster the record to 
support ongoing use of a qualified CAP for streamlining purposes. The lead agency or other partners 
should demonstrate that they are implementing the measures in the CAP, making substantial 
progress, and that the CAP has achieved, or is on track to achieve, measurable GHG emissions 
reductions. Conversely, a CAP that is not being implemented actively by the lead agency, for which 
monitoring and reporting is irregular or nonexistent, or for which implementation results are reported 
but not consistently measured or understood, may raise questions about the CAP’s effectiveness in 
meeting its targets and thus raise questions about its efficacy as a “qualified” CAP. 


As noted previously, local agencies should review and update their CAPs periodically as part of 
implementation and monitoring procedures established in the CAP itself. This will help to ensure that they 
are still consistent with the current regulatory setting, including current State GHG reduction targets and 
guidance available in the latest Climate Change Scoping Plan, new regulations, updates to GHG 
accounting protocols, and other new information.  


7.3 What happens if a project is not consistent with a qualified CAP? 


First, having a qualified CAP to help streamline GHG analyses for subsequent projects does not prohibit a 
lead agency from using other available methods or thresholds of significance for analyzing project-level 
GHG emissions during environmental review. While it may be desirable and efficient for some lead 
agencies to use qualified CAPs to assist with project-level streamlining to ensure some consistency in 
analyzing and mitigating emissions, it may not be appropriate or possible for all types of projects to tier 
from a qualified CAP because of the unique nature of a project, a project’s inconsistency with adopted 
plans, assumptions used in the CAP, or other specific circumstances. 


When using a qualified CAP, a lead agency should provide clear guidance for project-level GHG analysis 
using the qualified CAP; however, the lead agency should also provide clear guidance on the process for 
using other thresholds and methods if tiering from a qualified CAP may not be possible or appropriate. 


GHG thresholds guidance should address the following: 


• What a project must do to show consistency with a qualified CAP to qualify for project-level GHG 
analysis streamlining (i.e., use CAP Consistency Checklist, comply with GHG standards in local 
codes and ordinances, or other appropriate mechanisms). 


• In the event a project meets some, but not all, the criteria or standards, the lead agency should 
specify which procedures a project must follow if it cannot be found to be fully consistent with the 
CAP, including the process for identifying and substantiating any substitute GHG reduction measures.  


• Specific project-level thresholds of significance and associated guidance that must be followed if a 
project cannot demonstrate consistency with the qualified CAP and for which a more detailed project-
level analysis is warranted. 


In this case, thresholds promulgated by the lead agency or another agency (e.g., a regional air pollution 
control district) may be appropriate so long as they are based on substantial evidence. Project-level 
thresholds may be based on “bright-line” mass emissions levels, per capita emissions levels, per service 
population (i.e., residents + employees) emissions levels, or other appropriate metrics that specify levels 
at which project-level emissions contributions would not be cumulatively considerable, considering 
existing local or State targets or other substantial evidence. 


Lead agencies may explore multiple approaches to developing thresholds for determining whether the 
contribution of a project’s GHG emissions to climate change would be cumulatively considerable, in the 
absence of a qualified CAP or in cases where projects may not be able to show consistency with a 
qualified CAP. Some types of thresholds to consider are discussed in greater detail below.  
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•  “Bright-Line” Mass Emissions Threshold: Lead agencies may develop a locally substantiated “bright-
line” threshold that is based on a mass emissions limit for the project. Such thresholds can be 
developed by projecting growth within the jurisdiction and applying the fair share of reductions 
necessary to meet local targets. A limitation of these thresholds is that the stringency of post-2020 
State GHG reduction targets may lead to a low mass emissions limit, necessitating the use of a 
second tier of analysis or use of a different approach. Nevertheless, such thresholds may be useful 
for lead agencies to screen smaller projects that may not have a cumulatively considerable impact 
with respect to GHGs.  


• Service Population-Based Threshold: This threshold may be a useful option for some project types 
combined with other options described herein. Service population-based metrics may be developed 
to align with the statewide target mandated by SB 32 to reduce statewide emissions to 40 percent 
below 1990 levels by 2030 and for the 2050 EO goal, if desired by the lead agency. This threshold 
has a few limitations in that it may not be applicable to all project types (e.g., schools that do not have 
a “resident” population and have low employment density compared to the footprint of buildings) and 
would need to be supported with locally-specific data or other substantial evidence.  


• Net Zero GHG emissions: Local lead agencies may also consider use of “net zero” as a threshold for 
determining whether a project’s GHG emissions are substantial and consistent with the Scoping Plan. 
“Net zero” emissions mean that a project would not emit additional GHG emissions above the 
baseline as defined by CEQA. With this approach, the lead agency would require projects and plans 
to implement on-site GHG reduction measures, as feasible and supported by substantial evidence. 
The CEQA Guidelines define "feasible" as capable of being accomplished in a successful manner 
within a reasonable period of time, taking into account economic, environmental, legal, social, and 
technological factors. The determination on feasibility is up to the discretion of the lead agency and 
local decision-makers. After on-site GHG reduction measures have been exhausted, the lead agency 
may allow projects to purchase carbon credits to offset the remaining emissions consistent with 
CEQA Guidelines Section 15126.4. To achieve the most effective outcomes, the lead agency should 
develop guidelines regarding which offset programs have the most legitimacy, the number of 
operational years for which offsets would need to be purchased, and the timing of payments. Lead 
agencies may also explore requiring that purchased offsets be local, as well as ways to prioritize 
GHG offsets that would have other co-benefits such as reducing other pollutants in the region (e.g., 
replacing gas-burning water heaters with solar water heaters, planting carbon-sequestering trees 
downwind of high-volume roadways). 


• Best Management Practices: Lead agencies that do not have a current, qualified CAP, or that 
process project types that are difficult to assess with respect to CAP consistency, may consider a 
best management practices (BMPs)-based approach. Application of this threshold would involve a 
qualitative analysis that evaluates whether a project incorporates on-site GHG reduction measures, or 
BMPs, that are determined to be applicable and feasible by the local air district or the lead agency. A 
comprehensive list of GHG reduction measures may be developed based on CEQA mitigation 
typically employed for projects, reduction measures for local CAPs, and from CARB’s 
recommendations for local measures. Examples of measures include requiring photovoltaic (PV) 
systems on rooftops and over parking lots, ensuring a certain percentage of parking spaces have 
charging stations for electric vehicles (EVs), and using renewable diesel fuel in diesel-powered 
equipment. To address mobile-source GHGs, the lead agency may want to develop measures 
consistent with the requirements of SB 743 regarding the level of vehicle miles traveled (VMT) 
associated with a project or plan. The Governor’s Office of Planning and Research has released draft 
CEQA Guidelines updates that incorporate SB 743 provisions; however, these updates have not 
been adopted as of this writing. This threshold would require evaluation of each BMP for its feasibility, 
applicability to various project and plan types (e.g., residential, commercial, plan-level), cost, 
effectiveness, and consistency with Scoping Plan measures and State policies and regulations. The 
lead agency should identify those BMPs considered critical for the jurisdiction and/or the region to 
achieve its fair share of GHG reductions with respect to the statewide reduction targets identified in 
SB 32 and EO S-03-05. In short, the BMPs would be the mechanism for determining whether a 
project would ultimately conflict with CARB’s Scoping Plan. 


Lead agencies should consider the pros and cons of these different thresholds and explore the possibility 
of recommending more than one of them to achieve a range of applicability. A flow chart that lead 
agencies use to select which threshold should be applied to its project may be a useful tool.  
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7.4 Important case law 


This section provides reference materials for local public agencies in the San Diego region to help them 
make informed decisions as part of climate action planning processes. This section is provided for 
informational purposes only and is not intended to convey or constitute legal advice. 


A. Center for Biological Diversity v. California Department of Fish and Wildlife  
and Newhall Land and Farming (CBD vs. CDFW, i.e. the “Newhall Ranch case”) 


The California Supreme Court took on the CEQA issue of determining the significance of GHG emissions 
in its decision, Center for Biological Diversity v. California Department of Fish and Wildlife and Newhall 
Land and Farming (2015) 224 Cal.App.4th 1105 (i.e., CBD vs. CDFW; also known as the “Newhall 
Ranch” case). The justices evaluated for compliance with CEQA one of the most common approaches to 
GHG analyses used in recent years for development projects (i.e., evaluating the efficiency of a project’s 
emissions in the context of the AB 32’s 2020 reduction goal, as presented in CARB’s AB 32 Climate 
Change Scoping Plan (2008), using a comparison to an unregulated, BAU emissions scenario).  


The decision in the Newhall Ranch found that this BAU approach did not use a “reasoned explanation 
based on substantial evidence” and outlined several “potential options” for analyzing project-level 
emissions. Among these options, the Court affirmed the use of a local CAP or other “geographically 
specific” GHG emissions reduction plan is permissible, as a basis for tiering and streamlining project-level 
GHG analysis per CEQA Guidelines 15183.5, providing that the plan is “sufficiently detailed and 
adequately supported.” Other “potential options” described include: (1) numerical GHG thresholds of 
significance, using either mass-emissions limits or efficiency metrics such as GHG per capita or GHG per 
service population; (2) compliance with a regulatory program designed to reduce GHG emissions, (3) 
demonstration of consistency with a RTP/SCS (per current SB 375 provisions already stated elsewhere in 
CEQA, discussed in Section 4.3 of this Technical Appendix); and, (4) a BAU method based on substantial 
evidence linked between statewide reductions and targets and project-level emissions and reductions 
achieved. 


B. Cleveland National Forest Foundation v. San Diego Association of Governments 
(CNFF vs. SANDAG) 


The California Supreme Court once again took up the issue of GHG analysis in CEQA in CNFF vs. 
SANDAG. Specifically, the Court addressed the use of California’s long-range GHG reduction goal 
included in EO S-3-05 as a threshold of significance for an RTP/SCS.  


The Court ruled that SANDAG did not abuse its discretion by declining “to adopt the 2050 goal as a 
measure of significance in light of the fact that the Executive Order does not specify any plan or 
implementation measures to achieve its goal.” The Court emphasized the narrowness of its ruling in 
deciding on the sole question of use of the EO goal as a measure of significance for 2050 emissions. The 
Court used the EO’s lack of specified plans or implementation measures to achieve the long-range goal in 
its reasoning, rather than come to a specific conclusion based on the fact an EO is neither statute nor 
regulation. 


The Court cautioned that its conclusion “does not mean that this analysis can serve as a template for 
future EIRs.” The Court also recognized that the goal of a 40 percent reduction in 1990 GHG levels by 
2030 is “widely acknowledged” as a “necessary interim target to ensure that California meets its longer-
range goal of reducing greenhouse gas emissions 80 percent below 1990 levels by the year 2050.” SB 32 
(Statutes of 2016) has since defined the 2030 goal in statute. 


The Court also concluded that the SANDAG EIR sufficiently informed the public about the unavoidable 
significant GHG impact and did “not obscure the existence or contextual significance of the Executive 
Order’s 2050 emissions reduction target” based on the description of the EO in the EIR’s regulatory 
setting. This part of the ruling emphasizes the importance of a well-defined regulatory setting that informs 
readers of the complete regulatory scheme for GHGs.  



http://www.courts.ca.gov/opinions/archive/S217763M.PDF

http://www.courts.ca.gov/opinions/archive/S223603.PDF
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In addition to concluding that an EIR need not use EO S-3-05’s goal for determining significance, the 
Court expressed several points relevant to the practice of CEQA review of GHG impacts, including:  


• EIRs should “reasonably evaluate” the “long-range GHG emission impacts for the year 2050;” 


• The 2050 target is “grounded in sound science” in that it is “based on the scientifically supported level 
of emissions reduction needed to avoid significant disruption of the climate;” 


• In the case of the SANDAG plan, the increase in long-range GHG emissions by 2050, which would be 
substantially greater than 2010 (current baseline) levels, was appropriately determined to be 
significant and unavoidable; 


• The reasoning that a project’s role in achieving a long-range emission reduction target is “likely small” 
is not valid for rejecting a target; and 


• “As more and better data become available,” analysis of proposed plan impacts will likely improve, 
such that “CEQA analysis stays in step with evolving scientific knowledge and State regulatory 
schemes.”  


The Court also ruled that an “an EIR’s designation of a particular adverse environmental effect as 
“significant” does not excuse the EIR’s failure to reasonably describe the nature and magnitude of the 
adverse effect.” 


C. Mission Bay Alliance, et al. v. Office of Community Investment and Infrastructure, et al. 
(GSW Arena LLC, et al., Real Parties in Interest)  


In November 2016, the First District Court of Appeal rejected all legal challenges to the City of San 
Francisco’s Final Supplemental Environmental Impact Report (FSEIR) and related land use approvals for 
a 488,000-square-foot multipurpose event center project on 11 acres in the City’s Mission Bay South 
redevelopment plan area. The Court upheld the FSEIR’s non-quantified analysis of the project’s GHG 
emissions, which it concluded would have no significant adverse environmental effects because its 
“construction and operation meet San Francisco’s energy and efficiency standards designed to reduce 
[GHG] emissions.” As a preliminary matter, the Court noted that the Governor’s certification of the project 
as an “environmental leadership development project” (under Public Resources Code § 21178 et seq.) 
and related finding that it would not have any net GHG emissions after purchase of carbon credits “serves 
a distinct purpose and is not a substitute for a CEQA determination on the significance of [GHG] 
emissions[,]” and framed the issue on appeal as “whether consistency with San Francisco’s [GHG] 
strategy alone is sufficient to support the FSEIR’s finding that the project’s [GHG] emissions will have no 
significant effect on the environment.” 


The Court rejected plaintiffs’ arguments that the FSEIR’s “exclusive reliance on performance-based 
standards – the project’s consistency with San Francisco’s [GHG] strategy – is inadequate and that 
CEQA requires the FSEIR to quantify the project’s expected [GHG] emissions and the amount those 
emissions will be reduced by implementation of the [GHG] strategy or specified mitigation measures.” 
Noting the inherent difficulties of assessing the environmental significance of a single project’s GHG 
emissions, and the nature of the analysis as addressing a cumulative impact’s contribution to global-scale 
climate change (citing Center for Biological Diversity v. Department of Fish & Wildlife (2015) 62 Cal.4th 
204, 219-220), the Court quoted CEQA Guidelines Sections 15064.4(a) and 15183.5(b) as granting lead 
agencies discretion to “[r]ely on a qualitative analysis or performance based standards” and to “determine 
that a project’s incremental contribution to climate change is not significant if the project complies with the 
requirement of [a] previously adopted [area wide GHG reduction] plan.” The Court cited a 2010 Bay Area 
Air Quality Management District (BAAQMD) Guidelines Update encouraging local agencies to adopt and 
use such plans in making CEQA significance determinations, and noted San Francisco’s 321-page plan 
was adopted in 2010 and approved by BAAQMD, which found its planned GHG reductions surpassed 
State standards.  



http://www.courts.ca.gov/opinions/archive/A148865.PDF
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The Court also attempted to address some seemingly inconsistent Guidelines provisions regarding the 
need to quantify a project’s GHG emissions, coming down on the side of lead agency discretion. Per the 
Court: “[While] … the Guidelines … provide that an agency ‘should make a good-faith effort, based to the 
extent possible on scientific and factual data, to describe, calculate or estimate the amount of [GHG] 
emissions resulting from a project … and to consider ‘[t]he extent to which the project may increase or 
reduce [GHG] emissions as compared to the existing environmental setting’”, they “do not compel a 
numeric estimate of every project’s [GHG] emissions.” Citing the Natural Resources Agency’s statement 
of reasons for adopting the GHG Guidelines, the Court noted that even though there was no dispute here 
as to the feasibility of quantifying the Project’s GHG emissions, a lead agency is nonetheless not required 
to use a quantitative analysis if it determines quantification is not possible, not helpful, or otherwise “not 
appropriate in the context of a particular project[.]”  
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SAMPLE CLIMATE ACTION PLAN OUTLINE 


TABLE OF CONTENTS 
Acronyms and abbreviations .............................................................................................. A30 


Executive summary ............................................................................................................. A30 


1 Introduction ................................................................................................................... A30 
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 Introduction to climate change science ..................................................................................... A30 
 Regulatory framework ............................................................................................................... A30 
 Purpose and objectives of a CAP .............................................................................................. A31 
 Co-benefits ................................................................................................................................ A31 
 Community engagement and public involvement ..................................................................... A31 


2 GHG emission inventory, projections, and targets .................................................... A31 
 Why prepare a GHG emissions inventory? ............................................................................... A31 
 Inventory .................................................................................................................................... A32 
 Emission projections .................................................................................................................. A32 
 Reductions targets ..................................................................................................................... A32 


3 GHG reduction strategies, goals, and actions ............................................................ A32 
 Introduction ................................................................................................................................ A32 
 Summary of GHG reduction measures ..................................................................................... A33 
 Measures to reduce GHG ......................................................................................................... A33 


4 Implementation and monitoring ................................................................................... A33 
 Introduction ................................................................................................................................ A33 
 Implementation strategy ............................................................................................................ A34 
 Monitoring and updates ............................................................................................................. A34 
 Ongoing engagement ................................................................................................................ A34 


5 Climate change vulnerability, resiliency, and adaptation (optional) ......................... A34 
 Introduction ................................................................................................................................ A34 
 Climate change effects and vulnerability assessment .............................................................. A35 
 Current adaptation efforts .......................................................................................................... A35 
 Resiliency and adaptation strategies ......................................................................................... A35 
 Conclusion ................................................................................................................................. A35 


6 References..................................................................................................................... A35 
 


Appendices 
A GHG emissions inventory and projections  


B GHG emissions reduction targets and measures  


C CAP outreach plan (OPTIONAL) 


D CEQA thresholds and/or consistency checklist (OPTIONAL) 


E Vulnerability assessment (OPTIONAL) 
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Acronyms and abbreviations 
List of acronyms and abbreviations used in the Climate Action Plan (CAP).  


Executive summary 
This section provides a summary of key information presented in the CAP including but not limited to: 


• Main objectives of a CAP; 


• Key components of the CAP; 


• Key findings of the greenhouse gas (GHG) inventory, projections, and reduction targets; 


• Framework of GHG reduction measures; and 


• Key GHG reduction strategies 


1 Introduction 
 CAP overview 


This section introduces the concept of climate action planning and the purpose of a CAP.  


Optional items: 
• If applicable, summarize any previous CAP efforts and their relationship to the current CAP. This can 


include a summary of past GHG inventories.  


• Provide an outline for the entire CAP, with brief descriptions of what can be found in each chapter. 


 Introduction to climate change science 
This section summarizes the scientific basis for climate change, including discussions of the effect of 
anthropogenic emissions on the greenhouse effect, or global climate change. The Intergovernmental 
Panel on Climate Change (IPCC) is a useful resource for information to populate this section. A 
discussion of the anticipated impacts of climate change on a global and regional level is also appropriate 
here.  


Optional items: 
• A diagram or figure explaining the greenhouse effect. 


 Regulatory framework 
This section summarizes the federal, State, regional, and local regulations and policies that affect climate 
action planning. At a local level, this section summarizes past efforts and notable achievements that have 
focused on sustainability and reducing GHG emissions. 


Optional items: 
• If applicable, describe the California Environmental Quality Act (CEQA) implications of the CAP and 


summarize methods for streamlining GHG analyses of future projects if preparing a CAP consistent 
with Section 15183.5 of the CEQA Guidelines.   
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 Purpose and objectives of a CAP 
This section explains the purpose and objectives of the CAP. This includes discussion of CAP targets and 
the agency’s pathway to meet the overall objectives of the plan.  


Optional items: 
• If applicable, this section may also describe the need for a CAP update, along with an explanation of 


the update process.  


 Co-benefits 
This section describes the co-benefits of implementing GHG reduction measures. The level of detail 
provided in this section may vary based on the agency’s preference.  


Examples of co-benefits include, but are not limited to: 


• Cost savings 


• Economic benefits 


• Air quality improvement 


• Public health impacts 


• Improved quality of life 


• Enhanced community character 


Optional items: 
• Agencies may choose to cross-reference these benefits throughout the CAP document, tying specific 


co-benefits to measures in the CAP.  


• Provide tables, figures, or icons to highlight co-benefits of the plan.  


 Community engagement and public involvement 
This section describes the important role the community plays in meeting CAP goals, reducing human-
induced GHG emissions, and building resilience. This section also describes the public outreach 
conducted by an agency during the planning process, describing the types of meetings held, the groups 
targeted for outreach, and the process for incorporating feedback received into the CAP. There should 
also be discussion of which governmental body (i.e., City Council or the Board of Supervisors) will review 
and adopt the CAP, along with any boards or commissions that will also be a part of the planning 
process. 


Optional items: 
• Prepare a separate outreach plan for the CAP and include it as an Appendix (Appendix C in this 


outline).  


2 GHG emission inventory, projections, and targets 
 Why prepare a GHG emissions inventory? 


This section describes the need for conducting emission inventories and introduces typical 
protocols/methods used in the CAP. Key concepts and terms are defined in this section.  
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 Inventory 
This section summarizes the baseline emissions inventory for a chosen year and the methodology used 
to develop it for the CAP. This section briefly describes each of the sectors (e.g., residential, commercial, 
industrial) and categories of the GHG inventory. Typical categories include On-road Transportation, 
Electricity, Natural Gas, Solid Waste, Wastewater, and Water. Additional categories may include, but are 
not limited to Off-road Transportation, Agriculture, and Industrial Sources. Contribution of individual 
sectors/categories to the inventory should be depicted through tables and pie charts for clarity. The 
technical study, which contains additional details on the GHG inventory, should be referenced, as needed 
(Appendix A in this outline). 


Optional items:  
• If a CAP was prepared previously, provide a brief comparison with the agency’s previously 


documented inventory.  


 Emission projections 
This section summarizes emission projections for chosen milestone years for the CAP, the rationale for 
selecting milestone years, and why projections are helpful in assessing how an inventory may change 
over time. This includes a discussion of the business-as-usual (BAU) scenario projection and the 
legislative-adjusted BAU scenario (i.e., accounting for federal, State, and/or regional actions), along with 
the emissions estimated for future milestones or target years. Demographic data that form the basis for 
emissions projections are also explained in this section. The technical study, which contains additional 
details on the emissions projections, should be referenced, as needed (Appendix B in this outline).  


A summary table of the emissions projections (i.e., BAU and legislative-adjusted BAU) by year and 
sector/category is helpful to illustrate the results in this section.  


 Reductions targets 
This section describes the reduction targets and goals for one or more future milestone years. It explains 
the difference between specified targets based on State legislation. A graph showing the relationship 
between projected emissions and targets is helpful to illustrate the emissions gap. The section also 
describes the targets’ relationship with State GHG reduction goals. The technical study, which contains 
additional details on the reduction targets, should be referenced, as needed (Appendix B in this outline). 
Technical Appendix I (GHG Inventories, Projections and Target Selection) to the Regional Framework 
should be referenced for guidance on target setting.  


3 GHG reduction strategies, goals, and actions 
 Introduction 


This section describes the GHG reduction measures selected and quantified for the CAP, and the 
emission categories where an agency’s reduction efforts will be focused. This section will briefly 
summarize the framework used to develop measures to reduce emissions, how they are defined and 
presented in the CAP, and which measures are mandatory and which ones are voluntary. Typical terms 
and definitions that may be used in this section include: 


CAP strategy – CAPs generally have several broad strategies to reduce emissions. These can include 
building efficiency, renewable energy, clean transportation, zero waste, etc. Multiple strategies can be 
associated with one emissions category. 


CAP measure – Measures are more specific expressions of broad strategies. For example, measures 
under the building efficiency strategy can seek to increase building efficiency in new or existing homes. 
Multiple measures can be associated with one strategy. 
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Local action – These are the specific actions that a local jurisdiction would take to implement the 
measure. These can include adopting ordinances, developing and implementing programs, or educational 
outreach. In the case of a “qualified” CAP, local actions must demonstrate substantial evidence for 
estimating GHG emissions reductions. 


Performance indicators or metrics – Each action can have associated performance metrics for tracking 
progress, which can be evaluated during the monitoring and progress reporting phase. Technical 
Appendix VI (CAP Monitoring and Reporting) to the Regional Climate Action Planning Framework 
(ReCAP) provides a detailed discussion of this phase. 


Supporting activities – These are activities that can be implemented by the local jurisdiction that support 
implementation of an action or measure but may not directly lead to quantifiable GHG reduction. For 
example, educating residents about incentives or rebate programs and making available a PACE 
financing program to help residents implement efficiency projects may facilitate GHG reducing activities 
but do not directly reduce emissions. In the case of PACE financing, the energy efficiency retrofit or PV 
system installed is what would be considered a quantifiable GHG reducing activity. 


Optional items: 
• A table summarizing all the measures proposed in the CAP.  


 Summary of GHG reduction measures 
This section summarizes the GHG reduction measures by each sector or related category. For each 
category or sector, summarize strategies, overarching goals, performance metrics, and quantified 
reductions. Any supporting measures that are not quantified but support implementation of identified 
measures should also be summarized here.  


Optional items:  
• A table summarizing each measure by sector or category.  


• A table summarizing the effect of CAP measures on agency emissions and targets. 


 Measures to reduce GHG 
This section provides more detailed descriptions of each measure for each category or sector, disclosing 
quantified reductions and key assumptions used to calculate anticipated reductions. The technical study, 
which contains additional details on the measures, should be referenced, as needed (Appendix B in this 
outline). Any supporting measures that are not quantified should be described in more detail here.  


Optional Items:  
• A table summarizing each measure by sector or category.  


• If applicable, reduction framework tables showing measures, implementing actions, performance 
metrics, and GHG reductions by target years. 


4 Implementation and monitoring 
 Introduction 


This section describes the importance of implementing and monitoring the CAP and how an agency will 
implement the CAP over time. It introduces the terms used in the following sections, such as 
implementation timelines, administrative and staffing needs, funding needs, and relative cost where 
available.  
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 Implementation strategy 
This section summarizes the high-level strategy an agency will undertake to monitor and implement the 
CAP.  


Potential components: 
• Provide implementation timelines for each measure, i.e. short-term, mid-term or long-term based on 


defined criteria.  


• Provide rough cost estimate for implementing each strategy, using low, medium, and high distinctions 
based on a defined set of criteria. Costs could also be separated by costs to the agency and costs to 
the community. The results of an implementation cost analysis or benefit-cost analysis may be 
referenced here, if available.  


• Identify the department and/or individuals responsible for implementing each strategy and action. 


• Identify financing mechanisms and/or funding sources for each strategy and action. 


• Identify any additional staffing needs to implement the CAP. 


• If streamlining through CEQA, describe the process used for streamlining GHG analysis of future 
projects via the CEQA Thresholds and/or Consistency Checklist (Appendix D in this outline). 


• Reference a separate and more detailed Implementation Plan, if the agency plans to prepare one in  
the future.  


 Monitoring and updates 
This section describes the next steps needed for implementation, with commitments and timelines for how 
often the GHG inventory and the CAP will be updated, and how an agency will report and relay progress 
to government bodies. 


Optional items: 
• A graphic timeline outlining the CAP monitoring schedule.  


 Ongoing engagement 
This section describes how an agency will continue to engage the community and stakeholders in CAP 
implementation, describing specific measures that will require public involvement to achieve GHG 
reductions.  


5 Climate change vulnerability, resiliency, and adaptation 
(optional) 


Note: this entire chapter is optional and may be included in the CAP based on agency preference.  


 Introduction 
This section provides a general description of the physical effects of global climate change (i.e., increased 
temperatures and prolonged periods of extreme heat [heat waves], variability in precipitation, increased 
wildfire risk, sea-level rise, and flooding). The California Adaptation Planning Guide (APG) is a helpful 
resource in laying out the adaptation planning process.  


This section identifies what this chapter will discuss and the role it plays in climate action planning (i.e., 
adaptation planning improves community resiliency to impending climate change effects).   
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Optional items 
• Prepare a separate and more detailed vulnerability assessment and include it as an Appendix 


(Appendix E in this outline).  


 Climate change effects and vulnerability assessment 
This section introduces the purpose of a vulnerability assessment and summarizes the climate-related 
impacts that may affect an agency, evaluating how these impacts will potentially affect the community’s 
populations, functions, and structures. This section introduces the climate scenario planning tools (e.g., 
Cal-Adapt) and other resources used to evaluate and determine climate change effects.  


Typical climate change effects assessed in a vulnerability include, but are not limited to:  


• Increased frequency of extreme heat events and heat waves 


• Changes in precipitation patterns 


• Increased wildfire risk 


• Increased likelihood of flooding 


• Sea-level rise 


 Current adaptation efforts 
This section describes an agency’s current climate adaptation efforts, categorized by climate change 
effects. This discussion can include preparation of a Hazard Mitigation Plan, policies in plans, and 
programs.  


 Resiliency and adaptation strategies 
This section outlines the framework for developing strategies that will improve community resiliency, with 
explanations of the applicability of the adaptation strategies contained in this section.  


Optional items: 
• Explain the applicability of the adaptation strategies contained in this chapter. 


• Requirements of Senate Bill (SB) 379 to include Climate Adaptation Planning in General Plans.  


• Description of co-benefits of strategies. 


• Summary tables for each adaptation strategies, highlighting implementation timeframe and 
responsible parties.  


 Conclusion 
This section summarizes the key findings of the chapter, identifying which climate change effects will 
have the greatest impact and which key areas are at high risk. The conclusion also provides 
recommendations for any additional analyses or research needed.  


6 References 
This section provides the references for information relied upon in the CAP.  
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Appendix B 


Sample Implementation Plan outline 
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SAMPLE IMPLEMENTATION ACTION PLAN OUTLINE 


TABLE OF CONTENTS 
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1.1 Climate Action Plan overview .................................................................................................... B38 
1.2 Implementation plan .................................................................................................................. B38 


2 CAP implementation ..................................................................................................... B39 
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2.2 Supporting measure implementation (OPTIONAL) ................................................................... B41 
2.3 Adaptation measure implementation (OPTIONAL) ................................................................... B42 


3 Implementation monitoring and CAP updates ............................................................ B42 


4 Ongoing engagement ................................................................................................... B43 


5 Conclusion .................................................................................................................... B43 
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 Introduction 
 Climate Action Plan overview 


This section summarizes key information presented in the Climate Action Plan (CAP), explaining the objectives of 
the CAP and highlighting key points in the CAP.  


Key highlights can include, but are not limited to:  


• Description of the baseline GHG inventory, the sectors/categories that make up the inventory, and the 
quantified results of the inventory.  


• Summary of the CAP’s reduction targets for future years and how they align with state GHG reduction targets.  


• Description of the framework for how the CAP will achieve these targets through GHG reduction measures. 
Summary of how measures are presented in the CAP.  


Optional items: 
• If applicable, summarize previous CAP efforts and describe their relationship to the current CAP. This can 


include a summary of past GHG inventories.  


• If applicable, summarize the climate impacts and adaptation strategies identified in the CAP.  


 Implementation plan 
This section explains how the Implementation Plan builds upon the Implementation Chapter of the CAP and 
outlines in more detail how an agency will implement CAP measures and monitor progress. Implementation of 
measures may require that an agency develop and implement new ordinances, programs, and projects, or modify 
existing ones. The Implementation Plan serves as initial guidance for agency staff in monitoring progress towards 
established goals, as well as a framework for assessing success and effectiveness of measures in the CAP.  


The Implementation Plan may include the following:  


• Operational and capital resources needed to implement measures;  


• Identify implementation timelines for each measure;  


• Identify the department and/or individuals responsible for implementing and monitoring each measure; and 


• Estimate high-level costs and anticipated benefits.  


1.2.1 Implementation timeframe summary 
This section summarizes the implementation timeframe for each measure in the CAP. The information can be 
summarized collectively in a table or in another user-friendly format. Details regarding timeframe can include 
phasing, when major work on implementation will be done, and start and end years. The level of detail in this 
summary section will vary based on the type of information provided for each measure.  


1.2.2 Funding, resource allocation, and budgeting summary 
This section summarizes the funding, resource allocation, and budgeting information for each measure in the 
CAP. It also outlines how funding for CAP implementation will be allocated during agency budgeting processes 
and how it can serve as a resource for considering what programs and projects to include in an agency’s budget 
and what staffing resources will be needed. The level of detail in this summary section will vary based on the type 
of information provided for each measure.  


This section outlines that in lieu of allocating monies from departmental budgets or an agency’s general fund, 
funding and other resources may come from other regional, statewide, and federal programs and grant 
opportunities. A table can be used to summarize the major potential funding sources and other resources 
available. Future funding mechanisms can also be established by other means included development impact 
fees, rebate and incentive programs, and support from local businesses and residents.  


  







ReCAP: Technical Appendix V 


C a l i f o r n i a  E n v i r onm e n t a l  Q ua l i t y  A c t  ( C E QA )  a n d  C l i m a te  A c t i o n  P l a nn i n g  |  B 3 9  


This section may also include additional elements, such as costs to the agency and the community, including 
staffing needs and budget. Technical Appendix III (Benefit-Cost Analysis for CAP Measures) and IV (CAP 
Implementation Cost Analysis) to the Regional Climate Action Planning Framework (ReCAP) provide guidance on 
performing varying levels of cost analysis for a CAP. 


Optional items:  
• Chart or table depicting the CAP implementation cost per year. 


• Chart or table depicting funding and resources (e.g., agency staff hours) by year and measure. 


• Chart or table depicting CAP implementation costs by year compared to the GHG emissions reduction 
potential of each measure.  


1.2.3 Implementation coordination  
This section describes the collaboration necessary between agency departments, as well as local and regional 
agencies to implement the CAP. This section will describe which agency department(s) will be required to play 
key role(s) in the implementation of the CAP and whether new administrative roles are needed to oversee the 
process. Description of workgroups or advisory commissions that will aid in CAP implementation and monitoring 
should also be provided here.  


Optional items:  
• If applicable, a chart or table depicting key responsibility of a CAP Program Administrator (or another title) 


who would handle the administrative functions of implementation.  


• If available, a table outlining the potential agency department staffing costs associated with implementation of 
the CAP.  


 CAP implementation 
This section outlines a detailed plan for implementation of each measure that will help an agency achieve the 
goals and targets of the CAP.  


The implementation detail provided and the way each measure is summarized will vary among plans, with priority 
often given to measures that result in quantifiable GHG reductions. Because the Implementation Plan and 
strategy is not meant to be static, a summary table is one option to provide information in a user-friendly manner 
and allows that the plan be updated regularly.  


The Implementation Plan may include the following information in a summary table for each measure. This 
section would provide definitions for each of the items analyzed in the tables: 


• Agency measure: Description of each measure in the CAP  


• Supporting measure: Description of any supporting measures, or non-quantified measures, in the CAP 


• Adaptation measures: Description of any adaptation measures in the CAP (optional) 


• Target year: Identification of the target years proposed in the CAP 


• Performance metric: Quantitative performance metrics by which achievement will be measured, by target 
year 


• GHG reduction potential: The estimated reduction in local GHG emissions, for each measure 


• Responsible department: The primary agency department(s) that will be responsible for planning, 
implementing, and tracking a measure 


• Supporting department: The supporting agency department(s) that will support the responsible 
department(s) in measure implementation.  


• Task type: Categorization of the procedure or task associated with measure implementation. Task types 
could include ordinance or policy development, research, program development, advocacy, and collaboration.  


• Implementation timeline: The estimated time frame for which the major implementation effort will occur.  


• Start year: The estimated year in which the implementation process will tentatively begin. 
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• Completion year: The estimated year in which implementation of a measure is anticipated to be completed. 


• Co-benefits: The additional beneficial effects that will result from measure implementation. 


• Basic implementation steps or tasks: The steps/tasks that need to be completed to accomplish measure 
implementation. 


• Agency cost: Estimates the amount of agency staff resources needed to complete tasks for a set amount of 
time. This can also include consultant costs and operating costs. Note, if more detailed agency cost 
information is not available, relative agency cost may be provided.  


• Relative agency cost: A categorization of general costs to the agency based on the anticipated level of 
resources, staffing, and time required to implement each measure. Categories can be low, medium, or high 
based on a predetermined scale.  


• Community cost: Provides qualitative and/or quantitative costs for the community to implement measures. 
Costs can be direct user costs or cost savings. Relative cost categories can be low, medium, or high based 
on a predetermined scale. Local agencies may choose to estimate costs to the agency and the community as 
they relate to GHG reductions and measure benefits. Technical Appendix III (Benefit-Cost Analysis for CAP 
Measures) to the ReCAP provides guidance on performing varying levels of cost analysis for a CAP. 


• Funding opportunities: Provides resources to potential funding opportunities to implement specific 
measures.  


• Resources: Additional resources to help inform the implementation process. These may include opportunities 
for regional and local collaboration to collectively address climate change (e.g., the San Diego Regional 
Climate Collaborative, the Beacon Program, sponsored by the Institute for Local Government and the 
Statewide Energy Efficiency Collaborative).  


 Measure implementation 
This section provides the Implementation Plan for each measure in the CAP. The level of detail, and presentation 
of information, may vary based on agency preference.  


Below is a sample of a measure implementation table. Depending on the level of information available, this 
sample table, or parts of it, may also be used for supporting measures and adaptation measures 


Measure title  


Measure Title  
Detailed description of the measure provided here, if applicable.  


Target Year Performance Metric 
GHG Reduction 


Potential 
(MTCO2e) 


20XX (as specified in the CAP) Detailed description of the performance metric, if applicable. # 
20XX (as specified in the CAP) Detailed description of the performance metric, if applicable. # 
Implementation Details 


Responsible Department List responsible 
department Supporting Department List supporting 


department Task Type List task type 


Implementation Timeline List timeline Start Year State year Completion Year State year 


Co-Benefits 
• List co-benefits of measure implementation 


• List co-benefits of measure implementation 


Basic Implementation 
Steps/Tasks 


1. List steps/tasks 
2. List step/tasks 


Agency Cost 


Describe potential agency (may be qualitative or quantitative). The table below can summarize costs, if applicable.  
Agency Staff Resources Consultant Costs Other Costs 
Year X Years X Year X Years X Year X Years X 
X Hours X Hours X Hours X Hours X Hours X Hours 
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Measure Title  


Community Cost  


Describe potential costs to the community (may be qualitative or quantitative). The table below can summarize costs, 
if applicable.  


 


Estimated Costs 
$XX 


Funding Opportunities List and provide links for potential funding opportunities to help implement this measure.  
Resources List and provide links for additional resources that can help inform the implementation process.  
Notes: Place notes here, including acronyms and definitions 


Source: Place source here 


 Supporting measure implementation (OPTIONAL) 
This section assesses the implementation needs for each supporting measure in the CAP. This section is optional 
and the level of detail may vary based on agency preference. Local agencies may also combine this section with 
the measure implementation section (Section 2.1).  


Below is a sample of a supporting measure implementation table. Depending on the level of information available, 
this sample table, or parts of it, may also be used for adaptation measures. 


Supporting measure title  


Supporting Measure Title  


Detailed description of the supporting measure provided here, if applicable. 
Implementation Details 


Responsible Department List responsible department Supporting 
Department List supporting department Task Type List task type 


Implementation Timeline List timeline Start Year State year Completion Year State year  


Co-Benefits 
• List co-benefits of supporting measure implementation 


• List co-benefits of supporting measure implementation 


Basic Implementation 
Steps/Tasks 


1. List steps/tasks 
2 List step/tasks 


Agency Cost 


Describe potential agency costs (may be qualitative or quantitative). The table below can summarize costs, if applicable.  
Agency Staff Resources Consultant Costs Other Costs 
Year X Years X Year X Years X Year X Years X 
X Hours X Hours X Hours X Hours X Hours X Hours 


 


Supporting Measure Title 2 


Detailed description of the supporting measure provided here, if applicable. 
Implementation Details 


Responsible Department List responsible department Supporting 
Department List supporting department Task Type List task type 


Implementation Timeline List timeline Start Year State year Completion Year State year  


Co-Benefits 
• List co-benefits of supporting measure implementation 


• List co-benefits of supporting measure implementation 


Basic Implementation 
Steps/Tasks 


1. List steps/tasks 
• 2. List step/tasks 


Agency Cost Describe potential agency costs (may be qualitative or quantitative). The table below can summarize costs, if applicable.  
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Supporting Measure Title  


Detailed description of the supporting measure provided here, if applicable. 
Agency Staff Resources Consultant Costs Other Costs 
Year X Years X Year X Years X Year X Years X 
X Hours X Hours X Hours X Hours X Hours X Hours 


 


Notes: Place notes here, including acronyms and definitions 


Source: Place source here 


 


 Adaptation measure implementation (OPTIONAL) 
This section assesses the implementation needs for each adaptation measure in the CAP. This section is optional 
and the level of detail may vary based on agency preference.  


Below is a sample of an adaptation measure implementation table. Depending on the level of information 
available, this sample table, or parts of it, may also be used for supporting measures.  


Adaptation measure title  


Adaptation Measure Title  


Detailed description of the adaptation measure provided here, if applicable. 
Implementation Details 


Responsible Department List responsible department Supporting 
Department List supporting department Task Type List task type 


Implementation Timeline List timeline 


Basic Implementation Steps 1. List steps/tasks 
2. List step/tasks 


Relative Agency Cost List costs  


Adaptation Measure Title 2 


Detailed description of the adaptation measure provided here, if applicable. 
Implementation Details 


Responsible Department List responsible department Supporting 
Department List supporting department Task Type List task type 


Implementation Timeline List timeline 


Basic Implementation Steps 1. List steps/tasks 
2. List step/tasks 


Relative Agency Cost List costs  
Notes: Place notes here, including acronyms and definitions 


Source: Place source here 


 Implementation monitoring and CAP updates 
This section describes how the CAP will be updated and maintained in order to remain relevant and effective.  


Potential topics to include in this section: 
• How the CAP progress will be presented and reported to the public and to relevant government bodies and 


commission, including frequency of reporting.  


• The role of responsible and supporting department(s) in monitoring and updating the CAP. 
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• Description of when and how the CAP and GHG emissions inventory will be updated.  


• Description of how measures will be reviewed and assessed and incorporated into future CAP updates.  


Optional items: 
• A figure outlining the CAP implementation and monitoring schedule. 


 Ongoing engagement 
This section describes how an agency will continue to engage with the community and stakeholders in 
implementation of the CAP.  


Potential topics to include in this section: 
• Describe the importance of active community engagement in implementing specific measures in the CAP. 


• Describe how education and outreach is a key component in implementing specific measures in the CAP.  


• Describe how an agency will keep the community and stakeholders informed throughout CAP implementation 
(e.g., emails, agency website updates, public meetings).  


• List of stakeholders including key agency staff, partner agencies, and other organizations that may be 
involved or considered for involvement in the CAP implementation and public outreach process.  


 Conclusion 
This section summarizes the major findings of the Implementation Plan and also provides recommendations for 
any additional analyses or research needed.  
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