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Introduction
This report presents information on the data, methodologies and sources used to calculate the
regional greenhouse gas (GHG) inventory through 2012. It also projects the 2012 Business-As-Usual
emissions to 2050.
To the extent possible, EPIC followed the ICLEI U.S. Community Protocol1 methods for the following
emissions categories:
-

On-road transportation
Electricity and natural gas
Water consumption
Solid waste
Wastewater
Civil Aviation

The remaining categories were calculated based on California Air Resources Board methods and
methods developed by EPIC based on local data:
-

Other Fuels
Cogeneration
Industrial
Off-Road
Land Use and Wildfires
Rail
Agriculture
Marine Vessels

Table 1 summarizes the results of the regional emissions inventory for 2012.

1

U.S. Community Protocol for Accounting and Reporting of Greenhouse Gas Emissions (20130) available at
http://www.icleiusa.org/tools/ghg-protocol/community-protocol
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Table 1: Summary of Greenhouse Gas Emissions, San Diego Region, 2012

On-Road Transportation
Electricity

2012
CO2e Emissions
Percentage of
(Million Metric
Total
Tons)
Emissions
13.95
39.0%
7.97
22.8%

Natural Gas
Solid Waste
Other Fuels
Industrial
Heavy Duty Trucks and
Vehicles
Aviation
Off-Road
Wildfire
Other - Thermal
Cogeneraton
Water
Wastewater
Rail
Agriculture
Marine Vessels (oceangoing vessels and harbor
craft)

2.84
1.75
1.64
1.43

8.1%
5.0%
4.7%
4.1%

1.42
1.37
0.92
0.81

4.1%
3.9%
2.6%
2.3%

0.64
0.52
0.16
0.11
0.08

1.8%
1.5%
0.5%
0.3%
0.2%

0.05

0.1%

Motorcycles
Development and
Sequestration*

0.03

0.1%

(0.65)

-1.8%

Total

35.03

100%

* It is assumed that development leads to loss of vegetation and immediate loss of CO2e while
sequestration accounts for absorption of CO2e from increased vegetation. The sum of these
emissions is negative (in parantheses), that is, there is net absorption in 2012.

Table 2 provides the Business-as-Usual (BAU) forecasts for 2020, 2025, 2035 and 2050.
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Table 2 Regional BAU Forecast

CATEGORY

2012

2020

TRANSPORTATION
ELECTRICITY
NATURAL GAS
SOLID WASTE
OTHER FUELS
INDUSTRIAL
AVIATION
OFF-ROAD
WILDFIRE
OTHER - THERMAL
COGEN

15.40
7.97
2.84
1.75
1.64
1.43
1.37
0.92
0.81
0.64

14.98
8.63
2.89
1.91
1.64
1.92
1.52
0.95
0.81
0.65

WATER
WASTEWATER
RAIL
AGRICULTURE
MARINE VESSELS
(EXCLUDING
PLEASURE CRAFT)

0.52
0.16
0.11
0.08
0.05

0.57
0.17
0.15
0.06
0.05

DEVELOPMENT +
SEQUESTRATION

-0.65

TOTAL

35.03

Energy Policy Initiatives Center

2025
(MMT CO2e)
14.65
9.19
2.98
2.00
1.65
2.22
1.59
1.14
0.81
0.67

2035

2050

14.74
10.24
3.16
2.13
1.66
2.78
1.72
1.47
0.81
0.71

15.11
11.86
3.44
2.25
1.66
3.57
1.82
1.79
0.81
0.77

0.59
0.18
0.17
0.05
0.05

0.63
0.20
0.23
0.03
0.05

0.67
0.21
0.30
0.02
0.05

-0.62

-0.60

-0.56

-0.51

36.28

37.34

40.00

43.82
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Overview of the Report

The first section below (Section 2) provides common assumptions and common parameters underlying
the inventory. Section 3 to Section 16 provide the methodologies used for each category. Each
category section also describes how this category methodology may be different from the methods
used in the past regional inventories and limitations of the approach.

2

Common Assumptions and Sources
The following section provides common assumptions used in many categories in the regional inventory.
Sources for the data are provided beneath each section.
2.1

Common Background Data

Carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) are the primary GHGs emitted by fossil
fuel combustion from the majority of the categories. The combination of these gases is represented as
carbon-dioxide equivalent (CO2e), which is the main expression of emissions in this inventory.
Table 3 presents a summary of common activity data used to estimate overall GHG emissions. Activity
data could be defined as those that lead directly or indirectly to GHG emissions.
Table 3 Common Data Used in the Regional Greenhouse Gas Inventory

Data Category
Population
Vehicle Miles Traveled (I-I O-D VMT)
Vehicle Miles Traveled (E-I/I-E O-D VMT)
Vehicle Miles Traveled (E-E VMT)
Electricity Use (GWh)
Natural Gas Use (Million Therms)
Water Consumption (Gallons)

2012

2020

2035

2050

3,143,429

3,435,713

3,853,698

4,068,759

83,052,585
13,262,065
991,231
19,737
522
172,102,737,000

87,265,009
15,627,719
1,188,988
21,550
532
188,105,286,750

90,775,012
18,054,934
1,513,880
25,846
581
210,989,965,500

92,139,600
20,311,956
1,780,219
30,116
631
222,764,555,250

Table 4 shows the emissions factors used to calculate the emissions reductions due to the major
federal and state GHG mitigation measures described in Section 17. These factors change depending
on the target year and as the state and federal measures, such as the Renewable Portfolio Standard,
are implemented.
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Table 4 Emissions Factors Used in the Regional Greenhouse Gas Inventory

Emissions Factor
Natural Gas Emissions Rate
2010 Electric lbs CO2e/MWh
2011 Electric lbs CO2e/MWh
2012 Electric lbs CO2e/MWh
2010 Fleet Grams CO2e/Mile
2011 Fleet Grams CO2e/Mile
2012 Fleet Grams CO2e/Mile

Value
0.0054434
667.0
654.4
784.7
501.7
496.7
487.5

Units
(Metric Tons CO2e/Therm)
(lbs CO2e/MWh)
(lbs CO2e/MWh)
(lbs CO2e/MWh)
(Grams CO2e/Mile)
(Grams CO2e/Mile)
(Grams CO2e/Mile)

In general, the Global Warming Potentials (GWPs) used to estimate greenhouse gas emissions are
consistent with 100-yr GWPs reported by the Intergovernmental Panel on Climate Change (IPCC) in
their Fourth Assessment Report (AR4) in 20072. The GWP values used are given in Table 5.
Table 5 Global Warming Potentials used in the Regional Greenhouse Gas Inventory

Greenhouse Gas

3

Global Warming Potential
(GWP)

Carbon Dioxide (CO2)

1

Methane (CH4)

25

Nitrous Oxide (N2O)

298

On-Road Transportation
The on-road transportation category is the single largest contributor of GHG emissions in San Diego
County, accounting for about 44% of total emissions in 2012. Emissions from on-road transportation
are the result of fuel combustion (gasoline, diesel, electricity use) from motorized vehicles on San
Diego County freeways, highways, streets, and roads. The vehicle classes included in this category are:
passenger cars; light-, medium-, and heavy-duty trucks; buses; motor homes; and motorcycles.
3.1 Method and Projection Overview
Vehicle miles traveled (VMT) and the emission rates associated with the vehicle classes were used to
estimate GHG emissions associated with on-road transportation. SANDAG provided Series 13 regional
VMT data based on the Origin-Destination (O-D) method for 2012, and forecasts for 2020, 2035 and
2050. EPIC interpolated VMT for the years not provided. SANDAG provided the O-D VMT data broken
down into four vehicle subclasses (passenger vehicles, light duty trucks, medium duty trucks, and
heavy duty trucks). The O-D VMT method as proposed by the ICLEI Community Protocol estimates
2

Civil aviation emissions are based on the San Diego County Regional Airport Authority Air Quality Management Plan of 2008, which
nd
includes a GHG inventory. This inventory is based on the older IPCC 2 Assessment Report with GWPs of 21 (CH4) and 310 (N2O).
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miles traveled based on where a trip originates and where it ends in order to more accurately allocate
on-road emissions to cities and regions with policy jurisdiction over miles traveled as shown in Figure 1.

Figure 1 Components of Origin-Destination (O-D) method for calculation of Vehicle-Miles-Traveled (VMT) according to the ICLEI
Community Protocol

O-D VMT includes trips that originate and end within the designated boundary, in this case the San
Diego Region (Internal-Internal) and trips that either begin within the designated boundary and end
outside of it (Internal-External), or vice versa (External-Internal). Internal- External and ExternalInternal miles are divided by 2 to evenly allocate the miles between the designated boundary and
outside jurisdictions. Finally, VMT from trips that begin and end outside the designated boundary, for
example from Tijuana to Los Angeles (External-External) are excluded and not allocated to the region.
The ICLEI U.S. Community Protocol advises using O-D VMT data for modeling on-road transportation
emissions, a departure from the type of VMT data used in previous inventories.3 Previous regional
inventories in 2008 and 2010 used what is known as “clipped” VMT, which includes all VMT within the
boundaries of the region, and does not account for where a trip begins and where it ends.
The ICLEI Community Protocol’s recommendation to use O-D VMT data instead of “clipped” VMT data
lowers the total regional VMT value by about 6% compared with the “clipped” VMT in 2012 for the San
Diego Region.
Emissions rates expressed in carbon-dioxide equivalent per mile driven (CO2e/mi) were derived from
the statewide EMFAC2011 model. EMFAC is the California Air Resources Board’s (CARB) tool used to
calculate air pollution emissions, including carbon dioxide, on a metropolitan planning organization
(MPO) basis. CO2 emissions were multiplied by 1.05 to adjust to CO2e. EPIC used EMFAC2011 to
generate fleet-wide CO2e/mi values for 2010 through 2035. EMFAC2011 does not provide a forecast
for the year 2050. In addition, the EMFAC2011 forecasts for the year 2020 and 2035 do not include the
effects of the most recent federal fuel economy standards, Corporate Average Fuel Economy (CAFE)
standards, for passenger cars and light duty trucks applying to vehicle model years 2012-2025. The
3

The regional inventory from 2008 and 2010 are available at http://www.sandiego.edu/law/centers/epic/reports-papers/reports.php.
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business-as-usual projection begins after calendar year 2012; that is, emission rates for 2013 – 2050
include the effects of the emissions standards in force in 2012. Since the EMFAC 2011 forecast does
not include effects of the 2012-2025 CAFE standards, EPIC also derived an adjusted EMFAC forecast
through 2035 to account for effects of new vehicles entering the fleet. The adjusted fleet reflects that
all new vehicles entering after 2012 had an emissions rate equal to a new model year 2012 car. The
2035 forecast was then linearly projected to 2050 based on the SANDAG Series 13 population growth
forecast.
To estimate the GHG emissions associated with the generation of electricity used to power electric
vehicles, EPIC used the 2015-2025 California Energy Commission (CEC) Electricity Demand Forecast for
commercial and residential electric vehicles. Emissions from electricity use by electric vehicles are
included in the Electricity Category of the Regional Inventory.
3.2





Data and Sources

Origin-Destination (O-D) VMT data: SANDAG Series 13, provided by SANDAG
GHG Emissions Rate: Derived from EMFAC 2011, a U.S. Environmental Protection Agency (EPA)approved model used by California to assess vehicle tailpipe emissions, available at
http://www.arb.ca.gov/msei/modeling.htm
Population Forecast: Series 13 to 2050 provided by SANDAG.
Electric Consumption by Electric Vehicles: California Energy Demand 2015-2025 Revised Forecast,
Volume 1: Statewide Electricity Demand, End-User Natural Gas Demand, and Energy Efficiency.
California Energy Commission, Electricity Supply Analysis Division.

3.3 Differences from Previous Inventory
In the 2012 regional inventory, O-D VMT data is used in place of “clipped” VMT, which had been used
in previous inventories. This change results in approximately a 6% decrease in VMT and GHG emissions
in any given inventory year for the reasons described in detail above. Most of the miles driven in San
Diego region are internal and on average over the year, there is little through traffic.

4

Electricity
Electricity consumption is a significant source of greenhouse gas (GHG) emissions in San Diego County,
accounting for 24% of total emissions.
4.1 Method Overview
EPIC estimated emissions from electricity using the Built Environment (BE.2) method from the ICLEI
Community Protocol. The method recommends multiplying the community’s annual electricity use by
the average annual electricity GHG emission factor expressed in pounds of CO2e per megawatt-hour
(lbs CO2e/MWh). EPIC used annual electricity consumption data from the California Energy
Commission (CEC) Demand Forecast 2015-2025 for the SDG&E Service Territory. Because 9% of the
SDG&E Service Territory includes areas outside of San Diego County, the data was scaled to the San
Diego Region by multiplying total demand by 91%. To account for transmission and distribution losses,
that number was then grossed up by 6%.
Energy Policy Initiatives Center
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The GHG emission factor was derived from annual Federal Energy Regulatory Commission (FERC) Form
1 generation reports and annual Sempra Energy 2010, 2011, and 2012 Corporate Social Responsibility
Reports. Emission factors associated with electricity generated by SDG&E were derived from FERC
Form 1 reports. For purchased power, EPIC developed emission factors based on FERC Form 1 data on
purchased power and U.S. EPA Emissions and Generating Resource Integrated Database (eGRID) for
specific electric plant emissions. eGRID also provides for the allocation of cogeneration emissions
between electric production and thermal energy. The emissions factors derived from these reports
were validated by SDG&E personnel for accuracy.
The lbs CO2e/MWh emissions factors for 2010, 2011, and 2012 used to calculate emissions from the
electricity category are: 667 lb CO2e/MWh, 654 lb CO2e/MWh, and 785 lb CO2e/MWh, respectively.
Because the San Onofre Nuclear Generation Station (SONGS) went offline in 2012, the calculated
emissions factor for 2012 is higher than in the previous years.
To project business-as-usual (BAU) emissions, the emissions factor for 2012 was held constant to 2050.
Because the CEC’s annual electricity consumption data is only forecasted to 2025, values beyond 2025
were extrapolated using a linear forecast based on the Series 13 San Diego regional population
forecast developed by SANDAG.
4.2 California Energy Commission Forecast Assumptions
Because the inventory is based on energy data from the CEC, it is important to note the major
assumptions in their forecasting methods. The following provides a list of programs and policies that
are included in the CEC’s electricity consumption forecast to 2025.






Renewable Portfolio Standard – 11.9% of retail electricity sales in 2010
o Assumes direct access providers have the same GHG intensity as retail sellers
Utility Energy Efficiency Programs – electric savings from 2013-14 program cycle
Residential Category
o 1975 HCD Building Standards
o Title 24 Residential Building Standards: 1978, 1983, 1991, 2005, 2010, 2013
o Federal Appliance Standards 1988, 1990, 1992
o 1976-82 Title 20 Appliance Standards
o AB 1109 Lighting (Through Title 20)
o 2002 Refrigerator Standards
o 2011 Television Standards
o 2011 Battery Charger Standards
Commercial Category
o Title 24 Non-Residential Building Standards: 1978, 1984, 1998, 2001, 2005, 2010, 2013
o 1978 Title 20 Equipment Standards 2004 Title 20 Equipment Standards
o 1984 Title 20 Non-Res. Equipment Standards
o 1985-88 Title 24 Non-Residential Building AB 1109 Lighting (Through Title 20)
o Standards 2011 Television Standards
o 1992 Title 24 Non-Residential Building
o 2011 Battery Charger Standards

Energy Policy Initiatives Center
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Data and Sources
SDG&E Service Territory Electricity Consumption: California Energy Demand 2015-2025 Revised
Forecast, Volume 1: Statewide Electricity Demand, End-User Natural Gas Demand, and Energy
Efficiency. California Energy Commission, Electricity Supply Analysis Division. Publication
Number: CEC-200-2014-009-SF-REV. (hereinafter California Energy Demand Forecast 20152025)
Population Forecast: Series 13 to 2050 provided by SANDAG
GHG Intensity of Electric Supply (2012): This value is an estimate by EPIC based on data from
the Federal Energy Regulatory Commission Form 1 for San Diego Gas & Electric, U.S.
Environmental Protection Agency Emissions and Generating Resource Integrated Database
(eGRID) emissions factors, and verified by San Diego Gas & Electric.

4.4 Limitations
The BAU projection holds the 2012 emissions factor constant to 2050.

5

Natural Gas
The combustion of natural gas for end-use applications accounts for 8% of GHG emissions in the San
Diego region. This category calculates emissions from natural gas consumption for purposes other than
electricity production, including commercial, industrial, and residential consumption. Emissions
associated with natural gas consumption during cogeneration are not included in this category,
because those emissions are accounted for separately in the electricity category and the other fuels
category as “cogeneration-thermal.”
5.1 Method Overview
Emissions from natural gas consumption by San Diego County were estimated using method Built
Environment (BE.1) from the ICLEI U.S. Community Protocol. To estimate emissions from the
combustion of natural gas, the Protocol recommends multiplying community fuel use by an emissions
factor for natural gas. EPIC used an emissions rate of 0.0054 MT CO2e/therm for San Diego County
using emissions factors for CO2, N2O, and CH4 from the California Air Resources Board.
EPIC used community fuel use data from the California Energy Commission (CEC) Demand Forecast
2015-2025 for the SDG&E Service Territory. Since natural gas consumption forecasts are not available
out to 2050, EPIC extrapolated beyond 2025 using a linear forecast based on SANDAG’s regional
population forecast. When forecasting emissions to 2050, the above emissions factor was held
constant.
5.2 Data Sources
EPIC used the following data sources to estimate emissions for the natural gas category.



SDG&E Service Territory Consumption: California Energy Commission (CEC) Demand Forecast
2015-2025
Population Forecast: Series 13 to 2050 provided by SANDAG

Energy Policy Initiatives Center
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Emissions Factors: CARB Statewide Inventory

Other Fuels
The Other Fuels category represents about 5% of GHG emissions from fuels not accounted for in other
categories of this regional greenhouse gas inventory. These fuels include distillate (other than in power
production), coal (other than in power production), kerosene, gasoline (other than in the
transportation category), liquefied petroleum gas (LPG), residual fuel oil (other than in power
production), and wood. Emissions from this category are divided into sectors according to the
California Air Resources Board (CARB) statewide GHG inventory: agriculture, commercial, residential,
transport, energy, and manufacturing. The relative distribution of emissions by sector is provided in
Figure 2.
Agriculture
7%

Commercial
7%

Residen al
13%
Manufacturing
55%

Transport
2%
Energy
16%

Figure 2 Relative Distribution of Greenhouse Gas Emissions from Other Fuels (2012)

6.1 Method Overview
The project team used statewide GHG emissions from the California state inventory (CARB 2013) to
calculate regional estimates. Statewide emissions were scaled down to San Diego County using
relevant economic, population, or transport data. Detailed GHG emissions from CARB’s inventory are
only available to 2011, so values from 2012 to 2050 were projected linearly.
5.1.1 CARB Categories Included

Emissions from the following categories are taken from the California state inventory (CARB 2013) and
scaled to San Diego County using gross income from agriculture production from 2008 and 2011. An
average of these values was applied to all other years.
The following list is provided in terms of category numbers, subcategory numbers, codes, headings and
fuel types used within each type of activity according to the CARB 2013 state inventory. CARB in turn
uses the Intergovernmental Panel on Climate Change (IPCC) category, subcategory names and codes as
Energy Policy Initiatives Center
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specified in the IPCC 2006 Guidelines for GHG Inventories, to be consistent with the US EPA when the
US EPA reports the national inventory to the Climate Change Convention. Below are only those
categories, subcategories, activities and fuel types causing emissions in the San Diego region, as
evidenced by the existence of economic activity data for these categories in the San Diego region.


1A4c: Agriculture/Forestry/Fishing/Fish Farms > Ag Energy Use
o Distillate > CH4, CO2, N2O
o Kerosene > CH4, CO2, N2O
o Gasoline > CH4, CO2, N2O
o Ethanol > CH4, CO2, N2O

Emissions from the following categories are taken from the California state inventory (CARB 2013) and
scaled to San Diego County using manufacturing data from the 2007 Economic Census. More recent
economic data is not available at this time so that these values would be expected to somewhat
overestimate emissions reductions that followed from the 2008/2009 recession and that are reflected
in the on-road transportation and electricity and natural gas sectors in 2010.


1A4a: Commercial/Institutional > Not Specified Commercial
o Distillate > CH4, CO2, N2O
o Coal > CH4, CO2, N2O
o Kerosene > CH4, CO2, N2O
o Gasoline > CH4, CO2, N2O
o LPG > CH4, CO2, N2O
o Residual Fuel Oil > CH4, CO2, N2O
o Wood (wet) > CH4, N2O

Emissions from the following categories are taken from the California state inventory (CARB 2013) and
scaled to San Diego County using annual population data from the US Census Bureau.


1A4b: Residential > Household Use
o Distillate > CH4, CO2, N2O
o Kerosene > CH4, CO2, N2O
o LPG > CH4, CO2, N2O
o Wood (wet) > CH4, N2O

Emissions from the following categories are taken from the California state inventory (CARB 2013) and
scaled down to San Diego County using current and projected vehicle miles traveled from the 2008
California Motor Stock, Travel, and Fuel Forecast.


1A3: Transport > Not Specified Transportation
o LPG > CH4, CO2, N2O
o Residual Fuel Oil > CH4, CO2, N2O

Emissions from the following categories are taken from the California state inventory (CARB 2013) and
scaled down to San Diego County using data on purchased power provided by San Diego Gas and
Electric.
Energy Policy Initiatives Center
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1B2: Oil and Natural Gas
o Not Specified Industrial > Fugitives > Fugitive Emissions > CH4
o Pipelines > Natural Gas > Fugitives > Fugitive Emissions > CH4, CO2



1A1: Energy Industries > Pipelines
o Natural Gas Pipelines > Natural Gas > CH4, CO2, N2O
o Non- Natural Gas Pipelines > Natural Gas > CH4, CO2, N2O

Emissions from the following categories are taken from the California state inventory (CARB 2013) and
scaled down to San Diego County using manufacturing data from the 2007 Economic Census.


1A2f: Manufacturing Industries and Construction > Non- Metallic Minerals > Stone, Clay, Glass,
and Cement > Cement
o Distillate > CH4, CO2, N2O
o LPG > CH4, CO2, N2O
o MSW > CH4, CO2, N2O
o Petroleum Coke > CH4, CO2, N2O
o Residual Fuel Oil > CH4, CO2, N2O
o Tires > CH4, CO2, N2O



1A2k: Manufacturing Industries and Construction > Construction
o Gasoline > CH4, CO2, N2O



1A2m: Manufacturing Industries and Construction > Non-Specified Industry
o Distillate > CH4, CO2, N2O
o Gasoline > CH4, CO2, N2O
o Kerosene > CH4, CO2, N2O
o LPG > CH4, CO2, N2O
o Petroleum Coke > CH4, CO2, N2O
o Residual Fuel Oil > CH4, CO2, N2O



1B2: Oil and Natural Gas > Manufacturing
o Chemicals and Allied Products > Fugitives > Fugitive Emissions > CH4
o Construction > Fugitives > Fugitive Emissions > CH4
o Electric and Electronic Equipment > Fugitives > Fugitive Emissions > CH4
o Food Products > Fugitives > Fugitive Emissions > CH4
o Fugitives > Fugitive Emissions > CH4
o Plastic and Rubber > Fugitives > Fugitive Emissions > CH4
o Primary Metals > Fugitives > Fugitive Emissions > CH4
o Pulp and Paper > Fugitives > Fugitive Emissions > CH4
o Storage Tanks > Fugitives > Fugitive Emissions > CH4
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5.1.2 CARB Categories Not Included

Several categories were included in CARB’s statewide inventory, but not in our inventory for San Diego
County. Emissions from the following categories were set to zero, because data from the US Census
Bureau on 2011 Business Patterns in San Diego County indicated no economic activity for these
categories.


1A1b: Petroleum Refining
o Associated Gas > CH4, CO2, N2O
o Catalyst Coke> CH4, CO2, N2O
o Distillate> CH4, CO2, N2O
o LPG > CH4, CO2, N2O
o Petroleum Coke > CH4, CO2, N2O
o Refinery Gas > CH4, CO2, N2O
o Residual Fuel Oil > CH4, CO2, N2O



1A1c: Manufacture of Solid Fuels and Other Energy Industries
o Associated Gas > CH4, CO2, N2O
o Crude Oil > CH4, CO2, N2O
o Distillate > CH4, CO2, N2O
o Residual Fuel Oil > CH4, CO2, N2O



1B2: Oil and Natural Gas > Manufacturing: Stone, Clay, Glass, and Cement: Fugitives > Fugitive
Emissions > CH4




1B2a: Oil > Petroleum Refining: Process Losses: Fugitives > Fugitive Emissions > CH4
1B3: Other Emissions from Energy Production > In State Generation: Merchant Owned >
Geothermal Power – Geothermal > CO2



1B3: Other Emissions from Energy Production > In State Generation: Utility Owned >
Geothermal power > CO2

6.2 Data and Sources
 Statewide Emissions Data: CARB 2013 Inventory, available at
http://www.arb.ca.gov/cc/inventory/inventory.htm
 California’s 2000- 2011 Greenhouse Gas Emissions Inventory, Technical Support Document April
2014, available at : http://www.arb.ca.gov/cc/inventory/doc/methods_0011/ghg_inventory_00-11_technical_support_document.pdf
 Gross Income from Agriculture Production: California Department of Food and Agriculture 2008
Summary Report, available at
http://www.cdfa.ca.gov/statistics/PDFs/AgResourceDirectory2008/1_2008_OverviewSection.p
df
 Purchased Power Data: Provided by San Diego Gas and Electric
 Manufacturing Data: 2007 Economic Census, available at
https://www.census.gov/econ/census/
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Population Data: US Census Bureau, available at
http://quickfacts.census.gov/qfd/states/06/06073.html
Vehicle Miles Traveled: From 2008 California Motor Stock, Travel, and Fuel Forecast, available
at http://www.dot.ca.gov/hq/tsip/smb/documents/mvstaff/mvstaff08.pdf

6.3 Limitations
The emissions values for this category are not calculated using actual fuel use data or O-D VMT data as
in other categories. Rather, EPIC scaled down statewide totals using the ratio of relevant activity in San
Diego County relative to the statewide totals. Though EPIC selected data sources to most accurately
reflect the ratio of regional to statewide GHG emissions, these ratio values are not based on observed
GHG emissions in San Diego County. Therefore, the final emissions estimates used may not reflect the
actual ratio of regional to statewide GHG emissions for each category and could either underestimate
or overestimate regional emissions.

7

Cogeneration
Cogeneration is the process of combusting natural gas or other fuels to generate electricity and
thermal energy that can be used in cooling or heating applications. For the purposes of the regional
inventory, cogeneration is divided into categories of self-serve and utility purchased power. Self-serve
represents the energy generated and consumed on site. Other cogeneration facilities generate
electricity to sell to an electric utility. In some cases a combination of the two occurs: an on-site
cogeneration facility consumes part of the electrical generation and sells part to an electrical utility.
7.1 Method Overview
Cogeneration facilities generate electricity and useable thermal energy. Depending on the
characteristics of the facility equipment, the ratio of generated electricity to generated heat energy
varies. As such, cogeneration facility emissions are allocated to the categories of electricity and thermal
heat proportional to the thermal/electric generation split. EPIC used the U.S. EPA eGrid database to
obtain thermal/electric split data for cogeneration plants serving San Diego County. The electric
component of the thermal/electric split is included in the Electricity category of the inventory, while
the thermal component is allocated to a separate category called “Other – Thermal Cogeneration.”
To calculate emissions from self-serve cogeneration, EPIC used total gas consumption data provided by
the California Energy Commission (CEC) to determine the average percentage of cogeneration use
compared to total gas consumption. EPIC then used this percentage to derive cogeneration gas
consumption in the San Diego Region from natural gas data provided by San Diego Gas and Electric
(SDG&E). Once cogeneration use had been multiplied by the appropriate emissions factor (0.0053
MMT CO2e/million therms), the resulting emissions were split into either the electric or thermal heat
category by using a weighted average of the thermal/electric split for cogeneration facilities in the San
Diego Region. The electric component of these emissions was included in the Electricity category, and
the thermal component was allocated to the Other – Thermal Cogeneration category.
SDG&E purchases power from cogeneration facilities both inside and outside of the San Diego Region.
The electric component of cogeneration purchased by SDG&E from in-region facilities is already
accounted for in the SDG&E CO2e/MWh emissions rate and, consequently, the Electricity category of
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the regional inventory. Therefore, EPIC used purchased power data provided by SDG&E to calculate the
electric component of cogeneration supplied to SDG&E by in-region facilities, then subtracted that
number from the above electric value. The resulting value was then added to Electricity category of the
inventory.
Because the CEC Forecast does not include cogeneration purchased from facilities outside of the San
Diego Region, EPIC also used purchased power data provided by SDG&E to calculate the thermal
component of emissions associated with cogeneration purchased by SDG&E from Yuma Cogeneration
in Arizona. This value was then added to the thermal category above. The electric component is
already accounted for in the SDG&E CO2e/MWh emissions rate. The resulting emissions constitute the
“Other – Thermal Cogeneration” category of the inventory.
7.2 Data and Sources
To estimate emissions from cogeneration, EPIC used the following data sources.





eGrid 2010, 2011, and 2012 database
Natural Gas Consumption for Cogeneration in the SDG&E Service Territory: California Energy
Commission (CEC) Demand Forecast 2014-2024
Population Forecast: Series 13 to 2050 provided by SANDAG
SDG&E provided data regarding purchased power from cogeneration facilities in 2010, 2011,
and 2012

7.3 Differences From Previous Inventory
The main methodological difference between how emissions from the electricity category were
calculated in previous and the current inventory is treatment of emissions associated with
cogeneration. In this 2012 inventory, EPIC developed a method to account for cogeneration that is sold
to SDG&E, which is embedded in the lbs CO2e/MWH, separately from cogeneration that is produced in
the region but consumed on site. Also, data from eGrid allowed us to more accurately separate
cogeneration emissions associated with electricity production and that associated with thermal energy.

8

Industrial
Emissions from the industrial category result from the processing of materials to manufacture items
such as mineral aggregate products, chemicals, metals, refrigerants, electronics, and other consumer
goods. Additionally, gases with high global warming potential are used in air conditioning units and
refrigeration, and in the manufacture of electronics, fire protection equipment, insulation, and
aerosols. This category focuses on industrial processes that directly release carbon dioxide and other
greenhouse gases by processes other than fuel consumption.
8.1 Method Overview
The project team used the categories in the California Air Resources Board (CARB) state Greenhouse
Gas Inventory Industrial Category and scaled down statewide emissions based on ratio values from
relevant manufacturing, transportation, population, and energy data in San Diego and the state. GHG
emissions from CARB’s inventory are only available to 2011, so values from 2012 to 2050 were
projected linearly.
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CARB Categories Included

Emissions from the following CARB categories were calculated for San Diego County. As described in
Section 5.1.1, the following categories are category numbers, subcategory numbers, headings, codes
and fuel types used within each type of activity according to the CARB 2013 state inventory. CARB in
turn uses the Intergovernmental Panel on Climate Change (IPCC) category, subcategory names and
codes as specified in the IPCC 2006 Guidelines for GHG Inventories, to be consistent with the US EPA
when reporting the national inventory to the Climate Change Convention. Below are only those
categories, subcategories, activities and fuel types causing emissions in the San Diego region, as
evidenced by the existence of activity data for these categories in the San Diego region









2D1: Industrial Lubricant Use
o Not Specified Industrial > Fuel consumption – Lubricants
o Not Specified Transportation > Fuel consumption - Lubricants
2D3: Industrial Solvent Use
o Solvents & Chemicals : Evaporative losses : Fugitives > Fugitive emissions
2E: Electronic Industry
o Manufacturing : Electric & Electronic Equip. : Semiconductors & Related Products >
Semiconductor manufacture > C2F6
o Manufacturing : Electric & Electronic Equip. : Semiconductors & Related Products >
Semiconductor manufacture > C3F8
o Manufacturing : Electric & Electronic Equip. : Semiconductors & Related Products >
Semiconductor manufacture > C4F8
o Manufacturing : Electric & Electronic Equip. : Semiconductors & Related Products >
Semiconductor manufacture > CF4
o Manufacturing : Electric & Electronic Equip. : Semiconductors & Related Products >
Semiconductor manufacture > HFC-23
o Manufacturing : Electric & Electronic Equip. : Semiconductors & Related Products >
Semiconductor manufacture > NF3
o Manufacturing : Electric & Electronic Equip. : Semiconductors & Related Products >
Semiconductor manufacture > SF6
2F: Product Uses as- Not Specified Commercial
o Use of substitutes for ozone depleting substances > CF4
o Use of substitutes for ozone depleting substances > HFC-125
o Use of substitutes for ozone depleting substances > HFC-134a
o Use of substitutes for ozone depleting substances > HFC-143a
o Use of substitutes for ozone depleting substances > HFC-236fa
o Use of substitutes for ozone depleting substances > HFC-32
o Use of substitutes for ozone depleting substances > Other ODS substitutes
2G1b: Other Industrial Product- Electrical
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o Imported Electricity : Transmission and Distribution > Electricity transmitted
o In State Generation : Transmission and Distribution > Electricity transmitted
2G4: Other Industrial Product- CO2, Limestone
o Not Specified Industrial > CO2 consumption
o Not Specified Industrial > Limestone and dolomite consumption
o Not Specified Industrial > Soda ash consumption

8.1.2

CARB Categories Not Included

Emissions from the following categories were used in CARB’s statewide inventory but set to zero in the
regional inventory because Economic Census data from 2007 indicated no economic activity in San
Diego County.





2A1: Manufacturing: Stone, Clay, Glass, and Cement: Cement > Clinker Production> CO2
2A2: Manufacturing: Stone, Clay, Glass, and Cement: Lime > Lime Production> CO2
2B2: Manufacturing: Chemical and Allied Products: Nitric Acid > Nitric Acid Production > N 2O
2H3: Petroleum Refining: Transformation > Fuel Consumption

8.2 Data Sources
To estimate emissions from industrial activities, EPIC used the following data sources.






Statewide Emissions Data: CARB 2013 Inventory, available at
http://www.arb.ca.gov/cc/inventory/inventory.htm
In- State and Imported Electricity Data: Provided by San Diego Gas and Electric
Manufacturing Data: 2007 Economic Census, available at
https://www.census.gov/econ/census/
Population Data: US Census Bureau, available at
http://quickfacts.census.gov/qfd/states/06/06073.html
Vehicle Miles Traveled: From 2008 California Motor Stock, Travel, and Fuel Forecast, available
at http://www.dot.ca.gov/hq/tsip/smb/documents/mvstaff/mvstaff08.pdf

8.3 Limitations
Similar to the Other Fuels category described above, emissions estimates used in the Industrial
category are based on statewide numbers scaled by relevant activity to San Diego County. Though the
ratio values for industrial activities were selected because they were considered to most accurately
reflect the ratio of regional to statewide GHG emissions, these ratio values are not based on observed
GHG emissions in San Diego County. Therefore, they may either under- or over-estimate regional
emissions.

9

Civil Aviation
Eleven airports, including the region’s primary commercial and international airport at Lindbergh Field,
contribute to about 4% regional GHG emissions. However, only emissions from commercial aviation
operations at the San Diego International Airport at Lindbergh Field are included in this inventory, as
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the majority of commercial flights depart from this airport. Greenhouse gas (GHG) emissions included
in the civil aviation category result from the combustion of jet fuel and aviation gasoline used by
commercial aircraft.
9.1

Method Overview

Because many airports have reported greenhouse gas emissions in accordance with the Airport
Cooperative Research Program (ACRP), the ICLEI U.S. Community Protocol recommends that
communities preparing regional greenhouse gas inventories use existing airport inventories for the
Civil Aviation category.
The San Diego County Regional Airport Authority prepared an inventory for the San Diego International
Airport based on 2008 data. The inventory lists GHG emissions from several categories, including
purchased electricity, employee transportation, and ground service vehicles. However, emissions from
these categories are already captured in other categories of the inventory, so EPIC only included
emissions from aircraft fuel use in the Civil Aviation category. As the airport’s inventory is calculated
from 2008 data, EPIC used passenger data from the San Diego International Airport, normalized with
population data, to calculate 2010 to 2012 emissions and to project emissions to 2050.
9.2 Data Sources
The following data was used to estimate emissions from the Civil Aviation category.




Aircraft Emissions Data: San Diego County Regional Airport Authority Air Quality Management
Plan 2008, available at
http://www.san.org/sdcraa/airport_initiatives/environmental/air_quality.aspx
Aircraft Passenger Data: San Diego International Airport Historical Passenger Data, available at
http://www.san.org/sdia/at_the_airport/education/airport_statistics.aspx
Population Data: Series 12 to 2050 provided by SANDAG

9.3 Differences from Previous Inventory
The previous inventories estimated greenhouse gas emissions from civil aviation by using jet fuel and
aviation gasoline purchase data and aircraft passenger data. EPIC adopted a new methodology for the
2012 inventory to comply with the ICLEI U.S. Community Protocol for this category.

10

Off-Road
Off-road vehicles and equipment contribute approximately 3% of regional greenhouse gas emissions
via fuel combustion in internal combustion engines. The off-road category includes the following
equipment sub-categories: construction and mining equipment, industrial equipment, airport ground
support, pleasure craft, recreational equipment, lawn and garden equipment, agricultural equipment,
transport refrigeration units (TRU), military tactical support equipment, other portable equipment, and
rail yard operations.
10.1 Method Overview
To the extent possible, EPIC followed the California Air Resources Board (CARB) methodology to
calculate emissions from off-road equipment in San Diego County. In 2007, CARB released the
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OFFROAD model, which calculates emissions from all off-road sources. CARB is currently replacing the
OFFROAD model with several category-specific models phased in over time. EPIC used CARB’s updated
models to calculate GHG emissions for off-road categories when available. These categories include
airport ground support, construction and mining equipment, and industrial equipment. For all other
categories, the team used the OFFROAD model to calculate emissions.
10.2 Data Sources
Data used to estimate emissions in the Off-Road category include the following.



In-Use Off-Road Model: California Air Resources Board (CARB), available at
http://www.arb.ca.gov/msei/categories.htm#offroad_motor_vehicles
OFFROAD2007 Model: California Air Resources Board (CARB), available at
http://www.arb.ca.gov/msei/categories.htm#offroad_motor_vehicles

10.3 Differences from Previous Inventory
The previous inventory also relied on CARB’s methodology to calculate emissions from off-road
equipment. However, at that time, CARB had not yet developed any category-specific models, so
calculations for all off-road categories were generated from the OFFROAD 2007 model.

11

Land Use & Wildfires
Land use and development influence regional greenhouse gas (GHG) emissions in several ways. First,
vegetation cover can act to reduce GHG emissions through carbon sequestration, as growing plants
take up carbon dioxide (CO2). Second, when vegetation is displaced by development, not only is there a
loss of a carbon sink, but decomposing plants also release CO2 into the atmosphere. Additionally,
during wildfires, burning vegetation emits CO2, nitrous oxide (N2O), and methane (CH4). The amount of
each gas emitted depends primarily on the ecosystem involved. The classes of vegetation and their
relative cover in San Diego County are given in Figure 2.
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Figure 3 Relative vegetation cover in San Diego County

11.1 Method Overview: Land Use
To the extent possible, carbon uptake by vegetation was estimated using the methodology from the
California Air Resources Board (CARB) Winrock Study, which relates land use changes to greenhouse
gas emissions and quantifies carbon sequestration by vegetation type.
EPIC downloaded vegetation data for San Diego County as a GIS shapefile from SANDAG. The data,
originally categorized into 130 vegetation types by Holland Classification Code, was then reclassified
into seven types to match the Winrock study: Scrub, Shrub (Chapparal), Hardwood Forest, Conifer
Forest, Grasslands, and Woodlands. EPIC added the class “Scrub” to the Winrock classification to
include ecosystems prevalent in San Diego County; all other classes appear in the Winrock study.
The effect of development on carbon sequestration by vegetation was quantified by analyzing land use
GIS shapefiles from SANDAG for 2008, 2012, and 2050 to produce an output shapefile of vegetation
available for carbon uptake in 2008, 2012, and 2050. Attributes labeled “open space park/preserve,”
“park active,” “landscape open space,” “undevelopable natural area,” or “vacant/undeveloped land”
were considered undeveloped; all other land use attributes were considered developed. For each year,
the attributes considered “developed” were clipped out to produce shapefiles that represent
undeveloped land in the County. Each of these shapefiles was then overlaid on the vegetation
shapefile, and the vegetation shapefile clipped to match the areas of undeveloped land, producing
maps of vegetation available for carbon uptake in 2008, 2012, and 2050. Finally, annual carbon uptake
was calculated by multiplying the land cover area of each vegetation type by its appropriate uptake
rate. Uptake by vegetation for intermediate years was interpolated linearly.
11.2 Method Overview: Wildfires
Fire burn perimeter data from SANDAG’s website was overlaid on the vegetation shapefile in GIS to
determine the area of each vegetation type burned by wildfires annually. Carbon dioxide and methane
emissions from burned vegetation were then estimated using the method of Akagi et al. (2011).
Because SANDAG’s fire perimeter data is only available through 2010, an average of emissions from
wildfires from 1990 to 2010 was taken and held constant from 2012 to 2050.
11.3 Data Sources
Data sources used to estimate emissions associated with Land Use include the following.





Vegetation Data: ECO_VEGETATION_CN shapefile from SANDAG Regional GIS Warehouse
Land Use Data: Land_Use_2008, LANDUSE_CURRENT, and LANDUSE_PLANNED shapefiles from
SANDAG Regional GIS Warehouse
Historical Wildfire Data: FIRE_BURN_HISTORY shapefile from SANDAG Regional GIS Warehouse
Wildfire Emission Factors: Akagi, S. K., Yokelson, R. J., Wiedinmyer, C., Alvarado, M. J., Reid, J. S.,
Karl, T., Crounse, J. D., and Wennberg, P. O.: Emission factors for open and domestic biomass
burning for use in atmospheric models, Atmos. Chem. Phys., 11, 4039-4072, doi:10.5194/acp11-4039-2011, 2011.
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12 Water
Greenhouse gas (GHG) emissions from a community’s water consumption result from electricity and
natural gas use from supply and conveyance (upstream processes), treatment and distribution within
the region, and end use. The magnitude of water emissions depend upon the source of the water, the
distance and topography traversed in conveyance, treatment processes, and the amount and nature of
the end use heating. Energy use associated with end use water heating can be allocated several
different ways. EPIC accounted for water-associated end use emissions within the Electricity and
Natural Gas categories due to a lack of data to accurately break out water end use energy use from
regional totals.
12.1 Method Overview
To the extent possible, emissions from water consumption in San Diego County were estimated using
the WW.14 method from the ICLEI U.S. Community Protocol. The method considers each element of
the water cycle (supply and conveyance, treatment and distribution) individually, using a communityspecific energy consumed per unit of water for each process of the water system. A sum of the
emissions from each process is then taken to estimate total GHG emissions from a community’s water
use.
To estimate gallons of water consumed in San Diego County per year, an annual per capita
consumption value provided by the San Diego Water Authority was multiplied by the regional
population. The result was then split into groundwater and surface water using the freshwater
breakdown for San Diego County from the United States Geological Survey (USGS 2010). For upstream
supply and conveyance emissions, surface water consumption was multiplied by an energy intensity
value from the California Energy Commission (CEC 2006). Emissions from groundwater extraction were
calculated by multiplying groundwater consumption by the groundwater extraction energy intensity
value from the California Public Utilities Commission (CPUC 2005) for the Southern California. The
energy intensity for surface water treatment used to calculate emissions from water treatment was a
Southern California-specific value from the ICLEI protocol. Finally, emissions from groundwater and
surface water conveyance and distribution were estimated by multiplying total water consumption by
energy intensities available from a CEC study of 2006.
Business-as-usual emissions were estimated to 2050 using the SANDAG Series 13 population forecast,
holding per-capita water consumption constant from 2012 to 2050.
12.2 Data Sources
 Per Capita Water Consumption: Water Use Projections: San Diego County Water Authority,
2010 Urban Water Management Plan at http://www.sandiego.gov/water/pdf/uwmp2010.pdf
 Population Data: Series 13 to 2050 provided by SANDAG
 Fraction of Groundwater Supplied: USGS Estimated Use of Water in the San Diego County
(2010)
 Fraction of Surface Water Supplied: USGS Estimated Use of Water in San Diego County (2010)
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Groundwater Extraction Energy Intensity: California Public Utilities Commission, Embedded
Energy in Water Studies, Appendix G: Groundwater Energy Use, available at
http://www.cpuc.ca.gov/PUC/energy/Energy+Efficiency/EM+and+V/Embedded+Energy+in+Wa
ter+Studies1_and_2.htm
Groundwater and Surface Water Treatment Energy Intensity: Adapted from Implications of
Future Water Supply Sources for Energy Demands, WaterReuse Research Foundation, 2012.
See: http://www.pacinst.org/resources/wesim/report.pdf, Table 4.3
Electricity Emission Factors: EPIC derived lb CO2e/MWh emissions rates for SDG&E from annual
Federal Energy Regulatory Commission (FERC) Form 1 generation reports, and from annual
Sempra Energy 2010, 2011, and 2012 Corporate Social Responsibility Reports
Navigant Consulting, Inc. 2006. Refining Estimates of Water‐Related Energy Use in California.
California Energy Commission, PIER Industrial/Agricultural/Water End Use Energy Efficiency
Program. CEC‐500‐2006‐118 for upstream energy intensity.

12.3 Differences from previous inventory
The previous inventories did not break out the emissions associated with water as a separate category.
They included GHG emissions from water treatment and distribution in the electricity and natural gas
categories. In addition, upstream emissions from water supply and conveyance were not included in
the previous inventories.

12

Rail
The Rail category of the regional greenhouse (GHG) gas inventory includes both passenger and freight
rail. Like many modes of transport, GHG emissions from both passenger and freight rail result from the
combustion of fuels in internal combustion engines.
12.1 Method Overview
Detailed activity or fuel consumption data for rail transportation were not available within the
timeframe of this project for San Diego County. Therefore, GHG emissions for the County were scaled
from the California Air Resources Board (CARB) statewide inventory to San Diego County, based on the
number of support establishments for rail in the county and state. Because GHG emissions from
CARB’s inventory are only available to 2011, values for 2012 to 2050 were projected linearly.
12.2 Data Sources
Emissions estimates for the Rail category are based on the following data sources.



Statewide Emissions Data: CARB 2013 Inventory, available at
http://www.arb.ca.gov/cc/inventory/inventory.htm
Support Establishments for Rail Data: U.S. Census Bureau 2011 County Business Patterns
(NAICS), available at http://censtats.census.gov/cgi-bin/cbpnaic/cbpdetl.pl

12.3 Differences from Previous Inventory
The previous inventory also scaled emissions from rail from the CARB statewide inventory to the San
Diego region. However, the value used in the previous inventory to scale statewide emissions to the
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County was based on data from the U.S. Economic Census on the “total sales, shipments, receipts,
revenue, or business done by domestic establishments” for rail transportation.
12.4 Limitations
Because the rail category in CARB’s statewide inventory is not separated into freight and passenger rail
sub-categories, it was difficult to find a ratio value that would capture both of these activities. EPIC
used the number of support establishments for rail in the county and state as a ratio value because it
best captured both freight and passenger rail activities. However, it may not represent the exact ratio
of all rail in the county compared to the state, and, therefore, may over- or under-estimate GHG
emissions. Further, an estimate of GHG emissions based on fuel consumption from both freight and
passenger rail would more accurately represent emissions from rail.

13

Solid Waste
Emissions from solid waste constitute about 4% of GHG emissions in the region. These emissions are a
result of biodegradable, carbon-bearing waste decomposing in largely anaerobic environments,
producing landfill gas composed of approximately 50% methane and 50% carbon dioxide. The water
content of a landfill determines how fast the waste will decay, and, if water is unavailable, the waste
will not decay. Therefore, a large portion of the carbon in the waste will not degrade under these
conditions and will be sequestered as long as the landfill’s anaerobic and low-moisture conditions
persist. Consequently, the degradation process can take 5 to 50 years.
13.1 Method Overview
Solid waste emissions were estimated using method SW.4 from the ICLEI U.S. Community Protocol.
This method uses disposed waste in a given year, the characterization of waste, and emissions factors
from the U.S. EPA Waste Reduction Model (WARM) to estimate emissions from the disposal of solid
waste by the San Diego Region. Because a recent waste characterization study was not available for
the City of San Diego or the Region, it was assumed that the City’s characterization was the same as
that reported in a 2008 statewide study for California. Per capita emissions rates for 2010 to 2012 were
used to project emissions out to 2050, based on SANDAG’s population forecast.
13.2 Data Sources
The following data sources were used to estimate emission for the Solid Waste category.





Disposed Waste: California Department of Resources Recycling and Recovery (CalRecycle) Disposal
Reporting System (DRS)
U.S. Community Protocol for Accounting and Reporting of Greenhouse Gas Emissions, available at
http://www.icleiusa.org/tools/ghg-protocol/community-protocol
Emissions Factors: U.S. EPA Waste Reduction Model (WARM), available at
http://epa.gov/epawaste/conserve/tools/warm/index.html
Waste Characterization: California’s 2008 Waste Characterization Study

13.3 Differences from Previous Inventory
Method SW.4 differs from the previous inventory’s methodology in two ways. First, method SW.4
estimates GHG emissions from waste disposed by San Diego County, regardless of whether or not the
landfills are located inside or outside the County boundary. The previous inventory, on the other hand,
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used data from waste disposed in the 26 landfills in the county to estimate emissions from solid waste.
Second, method SW.4 estimates future emissions resulting from solid waste disposed of in the
inventory year. In contrast, the previous inventory used solid waste data from previous years (back to
1950) to estimate inventory year emissions.

14

Wastewater
The treatment of domestic wastewater produces methane (CH4) and nitrous oxide (N2O) emissions.
This category estimate such emissions resulting from community-generated wastewater treatment.
14.1 Method Overview
Due to lack of consistent data for wastewater treatment facilities in the San Diego Region, emissions
from the treatment of wastewater were estimated using data from Point Loma Wastewater Treatment
Plant in the City of San Diego and used as a proxy for other plants in the region. The Point Loma
Wastewater Treatment Plant treats approximately 175 million gallons of wastewater per day, which
are generated by more than 2.2 million residents, over half of the County’s population.
In order to calculate emissions from wastewater, EPIC used GHG emission data from Point Loma
Wastewater Treatment Plant as reported to the California Air Resources Board (CARB) in 2010. Annual
emissions were divided by gallons of wastewater processed at the plant in that year to estimate a
typical CO2e/gallon of wastewater processed in San Diego County.
In order to obtain an estimate for total gallons of wastewater produced in San Diego County, EPIC
multiplied ICLEI’s value for per capita wastewater production in California (100 gallons/day) by the
regional population. EPIC then multiplied the total gallons of wastewater produced by our estimate of
typical CO2e/gallon of wastewater processed to calculate total GHG emissions from wastewater
treatment in the San Diego Region.
14.2 Data Sources
To estimate emissions from the Wastewater category, EPIC use the following data sources.



Gallons of wastewater processed at Point Loma Treatment Facility: Point Loma Wastewater
Treatment Plant Annual Report (2010)- Section 3 Plant Operations
Emissions from Point Loma Wastewater Treatment Plant: Report to CARB (2010)

14.3 Differences from Previous Inventory
The previous inventory estimated emissions from wastewater using per capita emissions factors for
nitrous oxide (N2O) and methane (CH4) provided by CARB.

15

Agriculture
Emissions from agriculture make up only a small portion of the County’s greenhouse gas (GHG)
inventory, as emissions from livestock are less than 1% of total regional GHG emissions. These
emissions are broken into two categories: enteric fermentation and manure management. Enteric
fermentation is a microbial fermentation process that occurs in the stomach of ruminant animals,
producing methane that is released through flatulence and eructation. Manure management, on the
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other hand, is the process by which manure is stabilized or stored. Anthropogenic methane (CH4) and
nitrous oxide (N2O) emissions result from livestock manure, and the amount of gas produced depends
on the manure management system involved.
15.1 Method Overview
The project team followed the ICLEI U.S. Community Protocol for Emissions from Domestic Animal
Production within a Community (A.1 and A.2). Method A.1 addresses enteric fermentation from
livestock production. Methane emissions due to enteric fermentation are derived from the population
and emissions factors for each animal type.
Method A.2 addresses emissions from manure management. Emissions from manure management are
derived from data on animal populations, animal characteristics, and manure management practices.
Method A.2 is broken up into three sub-categories, including methane emissions from manure
management (A.2.1), direct nitrous oxide emissions from manure management (A.2.3), and indirect
nitrous oxide emissions from manure management (A.2.4).
The team projected both enteric fermentation and manure management emission estimates to 2050
using a logarithmic decay model. First, EPIC calculated historical emissions from livestock to 2012, then
used a logarithmic decay function to calculate emissions in subsequent years out to 2050. As livestock
production in San Diego County is decreasing over time, this model produced a more reasonable result
than a linear model.
15.2 Data Sources
Emissions estimates for the Agriculture category are based on the following data sources.


Animal Population Data: National Agricultural Statistics Service, available at
http://quickstats.nass.usda.gov

15.3 Differences from Previous Inventory
While the previous inventory used a direct calculation method provided in the California Air Resources
Board (CARB) statewide GHG inventory, the method used in the 2014 update relied on an equation
from the U.S. Community Protocol. The two methods are similar, because they both use livestock
population data to estimate GHG emissions.

16

Marine Vessels
Emissions from marine vessels in San Diego County are largely attributed to the Port of San Diego,
which serves as a transshipment facility for San Diego, Orange, Riverside, San Bernardino and Imperial
Counties, northern Baja California, Arizona, and other areas east of California. The specific emissions
included in the marine vessels category are broken into two sub-categories as follows:



Ocean Going Vessels (OGV)—these include auto carriers, bulk carriers, passenger cruise vessels,
general cargo vessels, refrigerated vessels (reefers) roll-on roll-off vessels (RoRo), and tankers
for bulk liquids.
Harbor Craft—these include tugboats, ferries, and commercial fishing vessels.
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16.1 Method Overview
Emissions from marine vessels in San Diego County were quantified based on the Port of San Diego’s
2012 Maritime Air Emissions Inventory (June 2014). The report provided estimates for emissions from
both Harbor Craft and Ocean Going Vessels (OGV) for 2012. Since methodologies differed between
their 2006 and 2012 inventories, values for intermediate years were not interpolated. Instead, the
2012 values were held constant from 2010 to 2050.
16.2 Data Sources
 Port of San Diego’s 2012 Maritime Air Emissions Inventory (June 2014), available at
https://www.portofsandiego.org/ordinances-a-resolutions/doc_view/6325-2012-maritime-airemissions-inventory-report.html

Appendix A Comparison of ICLEI and EPIC Methodologies
To the extent possible, EPIC followed the ICLEI U.S. Community Protocol to calculate emissions for San
Diego County. However, for several categories, EPIC used an alternative methodology, either because
the data required by the protocol was lacking, or because the alternate method would be more
accurate for calculating regional emissions.
Table 1 maps EPIC’s regional inventory results to the ICLEI Community Protocol, using the ICLEI Scoping
and Reporting tool. The table lists emissions by ICLEI-defined category and indicates what methodology
was used to calculate those emissions. Highlighted in grey are the nine categories that ICLEI requires
communities to report: electricity, district heating/cooling, on-road passenger vehicles, transit rail,
marine vessels, solid waste, energy use from potable water, and process emissions from centralized
wastewater systems. All other categories are optional, as data for these categories is often hard to
obtain.
ICLEI also distinguishes between source and activity emissions. Source emissions result from any
physical process inside the jurisdictional boundary that releases GHG emissions into the atmosphere.
Activity emissions, on the other hand, result from the use of energy, materials, and/or services by
members of the community that result in direct or indirect greenhouse gas emissions. Table 1 indicates
whether the methodology used for each category calculates source or activity emissions.
Emissions from most required categories were calculated using the ICLEI U.S. Community Protocol.
Emissions from electricity were calculated using ICLEI’s Built Environment Methodology 2.1. Emissions
from on-road passenger and freight vehicles were calculated using ICLEI’s Transportation
Methodologies 1.A and 2.A, respectively. Emissions from solid waste were calculated using ICLEI’s Solid
Waste Methodology SW.4. Emissions from energy use for potable water were calculated using ICLEI’s
Water and Wastewater Methodology WW.14.
For the required marine and transit rail categories, fuel use data was used to calculate GHG emissions.
Though the ICLEI Community Protocol recommends using fuel use data in estimating emissions from
these two categories, the protocol requires more specific fuel use data than was available for the San
Diego Region.
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The biggest difference between EPIC and ICLEI’s GHG reporting for the nine required categories is the
district heating and cooling category. ICLEI suggests that communities obtain either direct emissions
data from district energy utilities servicing the area, or acquire data on the fuels used in the production
of steam or chilled water. Instead of obtaining fuel-use data for heating and cooling specifically, EPIC
acquired data for total natural gas, electricity, and other fuels consumption for San Diego County.
Though some of this consumption was used for district heating and cooling, it could not be determined
what portion of total electricity or fuel consumption was used for this purpose. Therefore, emissions
from district heating and cooling are included in the GHG inventory emissions total. However, these
emissions cannot be disaggregated into a separate category, as suggested by the ICLEI Protocol. In
table 1, the box for district heating and cooling is left blank.
EPIC also attempted to quantify many of the categories not required by the ICLEI Community Protocol.
However, many of these categories are not protocol compliant due to a lack of regional data and were,
in several cases, scaled to the county from statewide emissions based on relevant scaling factors. If this
is the case, the “Method Used” column in Table 1, reads “scaled down from CARB Statewide Values.”
Finally, EPIC included a few additional categories not covered in the ICLEI Protocol. First, ICLEI does not
specify how to calculate emissions from wildfire and development. EPIC used a GIS methodology to
estimate wildfire emissions based on the California Air Resources Board methodology and other
relevant studies. Second, ICLEI does not provide a methodology for calculating emissions from the
thermal component of cogeneration. EPIC used regional cogeneration data from SDG&E to calculate
these emissions.
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Figure 4 Comparison of EPIC and ICLEI Methodologies
Community-wide GHG Emissions Inventory
Scoping and Reporting Tool - 2012
Emissions Type
Built Environment

FINAL REPORTING DATA
Source or
Activity?

Use of fuel in residential and commercial stationary
combustion equipment

Included?

●

Emissions
(MTCO2e)

0.74

Source AND
Activity
Industrial stationary combustion sources
Power generation in the community
Electricity

Source
Source

Use of electricity by the community

●

●

7.97

Method Used

Includes fuels combusted in San
Diego County not accounted for in
other sections, including distillate
(other than in power production),
Scaled down from CARB statewide coal (other than in power
values
production), kerosene gasoline
(other than in transportation
sector), LPG, residual fuel oil (other
than in power production), and
wood.
Included in other fuels and natural
gas sectors

ICLEI BE.2.1

Activity
District heating/cooling facilities in the
District Heating/ community
Cooling
Use of district heating/cooling by the
community

Acct Method Notes

Source

Electricty demand data for San
Diego County obtained from the
CEC. Inlcudes electric component of
cogeneration.
Cannot fill in the district heating
and cooling category, as it is
included in our "natural gas"
category and cannot be
disaggregated.

Activity

Industrial process emissions in the community

●

0.24

Inlcudes emissions from the
processing of materials to
Scaled down from CARB statewide manufacture items such as mineral
values
aggregate products, chemicals,
metals, refrigerants, electronics,
and other consumer goods

●

1.19

*check this- it's the value for ozone
Scaled down from CARB statewide
depleting substances in the
values
industrial sector

●

13.73

ICLEI TR.1.A

Origin-destination VMT data
provided by SANDAG, broken down
by vehicle class using EMFAC2011

●

1.64

ICLEI TR.2.A

Origin-destination VMT data
provided by SANDAG, broken down
by vehicle class using EMFAC2011

●

0.21

ICLEI TR.1.A

●

0.02

Derived from fuel use data

●

0.01

Derived from fuel use data

●

0.09

●

0.05

●

0.92

In-Use Off-Road Model and Offroad 2007 Model (CARB)

●

1.37

Airport GHG inventory

Source
Refrigerant leakage in the community
Source
Transportation and Other Mobile Sources
On-road
Passenger
Vehicles

On-road Freight
Vehicles

On-road passenger vehicles operating
within the community boundary
On-road passenger vehicle travel
associated with community land uses
On-road freight and service vehicles
operating within the community boundary
On-road freight and service vehicle travel
associated with community land uses

On-road transit vehicles operating within the community
boundary

Transit Rail

Transit rail vehicles operating within the
community boundary
Use of transit rail travel by the community

Source
Activity

Source

Activity

Source

Source
Activity

Inter-city passenger rail vehicles operating within the
community boundary
Source
Freight rail vehicles operating within the community
boundary
Source
Marine

Marine vessels operating within the
community boundary

Use of ferries by the community
Off-road surface vehicles and other mobile equipment
operating within the community boundary
Use of air travel by the community
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Origin-destination VMT data
provided by SANDAG, broken down
by vehicle class using EMFAC2011
This value is not broken in out of
the inventory total, but derived
separately using fuel use data

Source
Activity
Source
Activity

Emissions from the trolley, or light,
rail. This value is not broken out of
the inventory total, but derived
separately using fuel use data

Emissions from transit and freight
Scaled down from CARB statewide rail scaled from CARB statewide
values
value, minus fuel-use-derived
transit rail
Taken from 2012 Maritime Air
Emissions Inventory by the Port of
San Diego

ICLEI recommends using the local
airport's GHG inventory
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Solid Waste
Operation of solid waste disposal
facilities in the community
Generation and disposal of solid waste by
the community
Water and Wastewater
Operation of water delivery facilities in
Potable Water - the community
Energy Use
Use of energy associated with use of
potable water by the community
Use of energy associated with generation of wastewater by
the community
Process emissions from operation of
wastewater treatment facilities located in
Centralized
the community
Wastewater
Systems Process emisisons associated with
Process
generation of wastewater by the
Emissions
community
Solid Waste

Use of septic systems in the community
Agriculture
Domesticated animal production
Manure decomposition and treatment

Source
Activity

●

1.75

ICLEI SW.4

●

0.60

ICLEI WW.14

Waste disposal data obtained from
CalRecycle

Source
Activity

Doesn't include end-use or
upstream supply and conveyance

Activity

Source

●

0.16

●

0.08

Activity
Source AND
activity

Typical CO2e/gallon derived from
Point Loma Treatment Plant GHG
Derived from data from Point Loma
Report to CARB, then multiplied by
Wastewater Treatment Plant
gallons of wastewater generated in
San Diego County

Source
Source

ICLEI A.1 and A.2

Livestock data from National
Agriculture Statistics Service

Upstream Impacts of Community-Wide Activities
Upstream impacts of fuels used in stationary applications
by the community

Activity
Upstream and transmission and distribution (T&D) impacts
of purchased electricity used by the community
Activity
Upstream impacts of fuels used for transportation in trips
associated with the community
Activity
Upstream impacts of fuels used by water and wastewater
facilities for water used and wastewater generated within
the community boundary

Activity

Upstream impacts of select materials (concrete, food,
paper, carpets, etc.) used by the whole community

Activity

Independent Consumption-Based Acccounting
Household Consumption (e.g., gas & electricity,
transportation, and the purchase of all other food, goods
and services by all households in the community)

Activity

Government Consumption (e.g., gas & electricity,
transportation, and the purchase of all other food, goods
and services by all governments in the community)

Activity

Life cycle emissions of community businesses (e.g., gas &
electricity, transportation, and the purchase of all other
food, goods and services by all businesses in the
community)
Activity
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Looking Past 2035 – Possible Pathways for Additional Greenhouse Gas Emissions
Reductions from Transportation
Winston Churchill once said: “It is always wise to look ahead, but difficult to look further than you can see.”
Continuing the effort to reduce greenhouse gas emissions beyond the year 2035 will require carefully crafted and
aggressive policies and strategies. The effort, obviously, must be a global one – far beyond the scope and control of
just regional government bodies such as SANDAG. Even so, the San Diego region will continue working toward larger
state goals beyond the 2035 horizon. In fact, in January of 2015, California Gov. Jerry Brown proposed new
ambitious greenhouse gas reduction goals for the year 2030 – sooner than the 2035 horizon. Envisioning the state as
a national and even world leader in taking steps to combat continued climate change, Governor Brown challenged
Californians to increase the state’s electricity derived from renewable sources from one-third to 50 percent; reduce
today's petroleum use in cars and trucks by up to 50 percent; and double the efficiency of existing buildings and
make heating fuels cleaner.
As our region looks ahead, it will be important to consider how we can reduce greenhouse gas emissions beyond the
current SB 375 targets as they apply to cars and light-duty trucks. Progress could be made on several fronts, including:
•

Expanding programs that enhance Transportation Demand Management (TDM) and Transportation System
Management (TSM) – making the existing transportation system increasingly efficient

•

Extending the Low Carbon Fuel Standard (LCSF) beyond the current reduction horizon year of 2020 1

•

Getting more zero emission vehicles on the road, beyond near-term statewide goals 2

•

Increasing the availability of vehicle charging stations, in order to extend the electric range of plug-in hybrid
electric vehicles

•

Providing supportive infrastructure for the operations of automated vehicles and other emerging technologies

The Transportation Sector: Potential strategies to reduce greenhouse gas emissions under
evaluation by state agencies
Both ARB and Caltrans are evaluating potential strategies to meet statewide climate goals with a focus on the
transportation sector. In 2012, ARB released a Draft Vision for Clean Air: A Framework for Air Quality and Climate
Planning, which examines strategies to meet California’s air quality and climate goals. 3 This framework presents
scenarios that combine technology, energy, and efficiency assumptions that change over time. That is, the scenarios
start with the benefits of existing programs and assume further improvements in efficiency as well as cleaner
technology, fuels, and energy sources. According to ARB, these are ambitious assumptions that would require
innovation, investment, incentives, and regulations to achieve. The scenarios provide a perspective on how a mix of
technologies could be successful in helping the state meet its multi-pollutant goals. Any other mix of technologies and
fuels achieving equivalent or better emissions reductions could be considered part of the scenario, but these are some
achievable examples ARB has analyzed.
The ARB scenarios evaluated the following sectors of mobile sources: passenger vehicles, heavy-duty vehicles, freight
and passenger locomotives, cargo handling equipment, commercial harbor craft, ocean going vessels, off-road
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vehicles, and aviation. They are described below. The air quality goals used to develop Scenarios 2 and 3 are to
achieve the federal ozone standards and Executive Order S-03-05’s long term goal to reduce the state’s greenhouse
gas emissions to 80 percent below 1990 levels for all sectors, not just transportation, by 2050. In 2012, Governor
Brown issued Executive Order B-16-2012, which calls for the same state goal specifically for the transportation
sector. 4
Scenario 1 (Business as usual or BAU) represents all current federal and state programs, including the Advanced Clean
Car Program, the 33 percent renewables target from the California Renewable Portfolio Standard, and the Low
Carbon Fuel Standard goal of ten percent less carbon intensity by 2020. Scenario 2 builds upon Scenario 1 and
includes an aggressive phase-in of alternative fuel vehicles and zero-emission vehicles (plug-in electric, hydrogen fuel
cell, and hybrid electric vehicles), as well as phased transition to sustainable fuels, such as hydrogen, electricity, and
natural gas as transportation fuels (additional assumptions are made for heavy-duty trucks, port, rail, and aviation
sectors).
Scenario 3 builds upon Scenarios 1 and 2 and includes cleaner near-term combustion based on more aggressive
future nitrogen oxides emissions standards. It also assumes that land use and transportation system improvements
would result in a 20 percent reduction in vehicle miles traveled (VMT) from 2050 Scenario 1 levels. Both Scenarios 2
and 3 assume that starting in 2040 all new auto sales will be of zero emission vehicles. Additional assumptions are
made for other transportation sectors. The charts on the next page illustrate the results of the scenario analyses. 5
Both Scenarios 2 and 3 would achieve the 2050 greenhouse gas target of 80 percent below 1990 levels.
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Source: California Air Resources Board, Draft Vision for Clean Air: A Framework for Air Quality and Climate Planning, Scenario Assumptions and
Results, August 20, 2012.
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As part of the development of the California Transportation Plan 2040 (CTP 2040), Caltrans also is using the ARB
Vision framework to evaluate greenhouse gas emissions reductions from the transportation sector toward achieving
California climate goals. 6 SB 391 requires Caltrans to analyze how to attain a statewide reduction of greenhouse gas
emissions to 1990 levels by 2020, and 80 percent below 1990 levels by 2050. Therefore, the CTP 2040 includes
analyses of transportation improvement strategies, fuels, and vehicle technologies that provide for the maximum
feasible reductions in greenhouse gas emissions, as required under SB 391.
The Draft CTP 2040 includes three alternatives or scenarios to analyze the potential effectiveness of various packages
of VMT and greenhouse gas emission reduction strategies, projects, and vehicle technologies. The alternatives are
designed to show the greenhouse gas reductions that may be achieved by different mixes of transportation strategies
and technology. Alternative 1 starts with the Sustainable Communities Strategies from metropolitan planning
organizations around the state, and the state modal plans (California Aviation System Plan, California Freight Mobility
Plan, Interregional Transportation Strategic Plan, California State Rail Plan, and Statewide Transit). Alternative 2
applies statewide transportation strategies designed to further reduce greenhouse gas emissions from the Sustainable
Communities Strategies and state modal plans. The transportation strategies include pricing (e.g. 75 percent increase
in auto operating cost); transportation alternatives such as telecommute, work at home, increased carpooling and car
sharing; mode shift as a result of doubling transit services and transit speeds, doubling bicycle and walk shares; and
operational efficiency (e.g. incident and emergency management, TSM strategies). 7 Many of these proposed
strategies are viewed by Caltrans as aspirational and specific policies or regulations would need to be enacted to
achieve the outcomes. Alternative 3 includes all the Alternative 2 strategies plus additional aggressive vehicle and fuel
technology strategies.
Because the CTP 2040 only includes the transportation sector, it assumed that the transportation sector 2020
greenhouse gas value calculated for Alternative 1 is the reference point for the 2050 greenhouse gas reductions.
Greenhouse gas reductions were calculated based on VMT outputs for 2020 and 2040 using the EMFAC 2011 model.
For the final CTP 2040, the new EMFAC 2014 model will be used. Preliminary greenhouse gas reductions are shown
in the following table for Alternatives 1, 2, and 3. Alternative 3 would achieve the 80 percent greenhouse gas
emissions reductions below 1990 levels in 2050.
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Draft Statewide Greenhouse Gas Emissions by CTP Alternative (ARB)
Alternative 1
2010

2012

2020

2040

2050
163

GHG Emissions (MMT CO2e / yr)
Total

175

168

158

147

Target

-

-

-

-

32

GHG Relative Reduction Below Alternative 1 2020 (%)
1

Total

-

-

-

7%

-3%

Target

-

-

-

-

80%

Alternative 2
GHG Emissions (MMT CO2e / yr)
Total

174

168

157

116

Target

-

-

-

-

125
32

GHG Relative Reduction Below Alternative 1 2020 (%)
1

Total

-

-

-

Target

-

-

-

27%
-

21%
80%

Alternative 3
GHG Emissions (MMT CO2e / yr)
Total

175

168

156

Target

-

-

-

60
-

32
32

GHG Relative Reduction Below Alternative 1 20201 (%)

1

Total

-

-

-

Target

-

-

-

62%
-

80%
80%

AB32 requires that the 2020 total GHG inventory is the same as the 1990 GHG inventory, while the law does not require that each individual
sector achieve its absolute 1990 value. Because the CTP project does not include all sectors, it is assumed that the transportation sector 2020
GHG value calculated for Alternative 1 will be the reference point for the 2050 GHG reductions.

Source: Draft California Transportation Plan 2040, Table 23. Draft Statewide GHG Emissions by CTP Alternative (ARB), Caltrans, March 2015.

The scenario analyses conducted by both ARB and Caltrans show that substantial changes to vehicle fleets in
California and a considerable transition to sustainable fuels will be needed to achieve 2050 greenhouse gas emission
reduction goals.
A Subset of the Transportation Sector: Potential strategies to reduce greenhouse gas emissions
from cars and light-duty trucks
The SANDAG Regional Plan focuses on reducing greenhouse gas emissions from cars and light-duty trucks, as
required by SB 375. SANDAG reviewed the assumptions included in the ARB Vision scenarios and the CTP 2040 and
developed a potential post 2035 scenario focused on carbon dioxide emissions reductions for cars and light-duty
trucks for the San Diego region. This potential scenario uses state greenhouse gas emission reductions goals under
both Executive Orders S-03-05 and B-16-12 as long-term reference points.
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Figure D.1 illustrates the projected regional carbon dioxide (CO2) emissions from cars and light duty trucks before
current ARB policy and with current ARB policy (output from activity based model, which includes transportation
demand and system management strategies) as well as additional TDM strategies (shared used mobility, vanpools,
carpools), and the regional electric vehicle charger program. After 2035, additional TSM strategies are included (use
of Managed Lanes by zero emission vehicles only as well as increased frequencies on highly productive Rapid routes
using Managed Lanes to represent efficiencies due to implementation of automated guideways). The TDM and TSM
strategies are included in the Regional Plan. Current ARB Policy includes the Advanced Clean Car Program (Pavley)
and low carbon fuel standard (LCFS). In addition, as shown in Figure D.1 in dashed lines, a combination of varying
levels of zero emission vehicle penetration and VMT reductions could further decrease emissions by 2050. Achieving
the additional emission reductions would require substantial changes in state and federal policies or regulations,
which are beyond SANDAG’s ability to implement.
While SANDAG may not be able to solely implement clean vehicle or fuel policies, there are a number of areas in
which regional actions will influence and support greenhouse gas emissions reductions. The Regional Plan currently
includes ambitious programs to incentivize vanpools, carpools, and shared mobility travel options. The TDM program
includes consistent vanpool program growth through 2050 (more than 800 vanpools expected to operate by 2020,
growing to more than 1,100 vanpools by 2035 and to more than 1,500 vanpools by 2050).
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Nearly 500 carpools would be incentivized annually. Shared mobility adoption among residents within Smart Growth
Opportunity Areas of the San Diego region also is forecasted to grow substantially through 2050. In 2020, it is
assumed that approximately 50,000 adults residing in mixed-use transit corridors (69 or more persons per acre) will be
active shared mobility members. More than 145,000 and 225,000 adults residing in communities with densities
comparable to community and town centers (55 or more persons per acre) are forecasted to be active shared mobility
members in 2035 and 2050, respectively. Based on current research, active members of shared mobility services drive
seven miles less per day.
The Regional Plan also currently includes ambitious measures to increase electric vehicle penetration. These regional
measures will support statewide goals for cleaner vehicles and fuels. The Regional Charger Program would lead to
carbon dioxide emissions reductions by extending the electric range of plug-in hybrid electric vehicles (PHEVs) and
displacing the use of gasoline. Currently, PHEVs drive 30 percent of their miles in electric mode with the remaining
miles in gasoline mode. The build out of a robust electric vehicle charger network would allow PHEVs more
opportunities to charge and increase the percentage of miles driven in electric mode. The Regional Charger Program
forecasts that one charger for every five PHEVs would increase the percentage of electric miles from 30 percent to
41 percent. This would translate to 36,000 charging stations in 2035 and 44,000 charging stations in 2050. The
build-out of the charger network would be accomplished through a combination of regional planning and incentives
for the installation of publicly available Level 1 and Level 2 charging stations. Level 1 charging adds about 2 to 5 miles
of range to an electric vehicle per hour of charging time while Level 2 adds about 10 to 20 miles of range per hour of
charging time.
The same potential scenario shown in Figure D.1 was analyzed on a per capita basis. Figure D.2 shows how per capita
carbon dioxide emissions from cars and light duty trucks could be drastically reduced by applying various strategies as
we head toward mid-century. Projected per capita CO2 emissions from cars and light duty trucks before current ARB
policy would be reduced by 30 percent by 2050 (from 2005). Current ARB policies (Pavley and LCFS) would further
reduce per capita emissions by more than 70 percent by 2050. As shown in Figure D.2, and as discussed above, a
combination of varying levels of zero emission vehicle penetration and VMT reductions could further decrease per
capita emissions by 2050. For example, the 25 percent emissions reduction shown in the dashed yellow line could be
achieved solely with VMT reductions or zero emission vehicles or a combination of both strategies that yields the
25 percent reduction. Per capita, the examples of VMT reductions would mean driving nearly five fewer miles daily
(with a 25 percent reduction from 2005), or nearly 10 fewer miles per day (with a 50 percent reduction from 2005),
or nearly 15 fewer miles on a daily basis (with a 75 percent reduction from 2005).
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It’s worth noting that 2050 greenhouse gas emission projections are highly uncertain, and depend on assumptions
regarding the growth of our regional population and economy, increasing the utilization of clean technologies and
major changes in markets for energy and transportation systems. To achieve the 2050 greenhouse gas emission
reduction goals will require a concerted effort among federal, state, regional, and local agencies. California
lawmakers, along with many local and regional governments within the state and beyond, are working to create
innovative policies, plans, and programs to strive for a lower-carbon future. In the San Diego region, local
governments, SANDAG, and other regional public agencies are working collaboratively with local non-profits,
universities, and businesses to coordinate efforts with state, federal, and international initiatives.
The ARB Draft Vision for Clean Air and Draft CTP 2040 scenarios envision how a 2050 goal of 80 percent below 1990
levels of greenhouse gas emissions for the transportation sector might be achieved, given a set of aggressive
assumptions requiring improvements in vehicle and fuel technologies that would require major changes in state and
federal policy and regulation beyond sole regional control. Using the ARB Draft Vision and Draft CTP 2040
frameworks, the SANDAG regional scenarios in Figures D.1 and D.2 show how an 80 percent reduction goal and
even greater percentage reductions in total and carbon dioxide emmissions per capita for cars and light-duty trucks
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might be met by adding far more aggressive regional TSM measures, zero emission vehicle penetration, and VMT
reduction. Regional programs will support future changes in state and federal policies and regulation toward
achieving the statewideclimate goals.
The Regional Plan sets forth ambitious but feasible TSM, electric vehicle, and other programs that can be
implemented now and in the future to make progress toward achieving the state 2050 greenhouse gas emission
reduction goal. These programs are aligned with, and help implement some of the aggressive statewide measures
envisioned by the 2050 greenhouse gas reduction scenarios in the ARB Draft Vision and Draft CTP 2040.
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Endnotes
1

The LCFS directive calls for a reduction of at least 10 percent in the carbon intensity of California’s transportation fuels by 2020. LCFS targets are
back loaded in terms of mandated carbon reductions in the California fuel supply, starting slowly and ramping up quickly starting in 2015.

2

The current Pavley Clean Car Standards (AB 1493) and Advanced Clean Cars Program are limited to a 2025 horizon year, yielding an
opportunity to seek additional greenhouse gas reduction benefits if these or similar programs were supported by the state legislature in the
future.

3

ARB Vision for Clean Air: A framework for Air Quality and Climate Planning, June 27, 2012
http://www.arb.ca.gov/planning/vision/docs/vision_for_clean_air_public_review_draft.pdf;
Vision for Clean Air: A Framework for Air Quality and Climate Planning Sacramento Vision Workshop August 22, 2012
http://www.arb.ca.gov/planning/vision/docs/staff_presentation_on_August_22_2012.pdf;
Scenario Assumptions and Results, August 20, 2012
http://www.arb.ca.gov/planning/vision/docs/draft_scenario_assumptions_and_results_appendix.pdf.

4

Executive Order (EO) S-03-05 establishes the following greenhouse gas emission reduction targets for California: reduce greenhouse gas
emissions to 2000 levels by 2010, to 1990 levels by 2020, and to 80 percent below 1990 levels by 2050. EO B-16-12 orders that California
target for 2050 a reduction of greenhouse gas emissions from the transportation sector equaling 80 percent less than 1990 levels.

5

According to ARB’s Vision for Clean Air: A Framework for Air Quality and Climate Planning, published in 2012, to reduce greenhouse gas
emissions by 80 percent below 1990 levels by 2050 is equivalent to an 85 percent reduction from today’s levels. The dashed line illustrates the
emissions reduction goal.
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Caltrans, Draft California Transportation Plan 2040, March 2015.

7

Caltrans, Draft California Transportation Plan 2040, Table 17. Draft CTP 2040 Transportation VMT Reduction Strategies Matrix, March 2015.
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