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1 Overview 
The document provides information and explanation about the methodology and data used in the 

Community Scale Greenhouse Gas Emissions Model. 

The purpose of the Community Scale Greenhouse Gas Emissions Model is to enable a user to estimate 

business-as-usual (BAU) greenhouse gas emissions through 2035 and emissions reductions from a suite of 

mitigation measures for any of the 19 jurisdictions in the San Diego region, or the region as a whole.   

The model consists of three primary modules: BAU Projection and Targets, Mitigation Calculators, and 

Summary Output. The BAU Projection and Targets module allows the user to select a jurisdiction, create a 

BAU emissions projection, and select emissions reductions targets for 2020 and 2035.  In the second module, 

users can customize 25 different mitigation measures to explore the feasibility of achieving the previously 

selected reduction targets.  The Mitigation Calculators module uses dynamically interrelated mitigation 

measures designed to allow a user to estimate the effects of an entire climate mitigation action plan or just a 

handful of mitigation measures.  The Summary Output module allows a user to print summary tables and 

graphs based on the mitigation calculator settings present in Module 2. 

This document provides technical documentation for all the main calculations contained in each of the three 

modules of the model.   

2 Module 1: BAU Projection and Targets 
Module 1 of the Community Scale Greenhouse Gas Emissions Model generates a business-as-usual (BAU) 

emissions projection between 2010 and 2035 for any of the 19 jurisdictions in the San Diego region, or for 

the region as a whole. Using this projection, emission reduction targets for 2020 and 2035 are defined.  

Emission reduction targets can be based on AB 32 and/or Executive Order S-3-05. The BAU projections 

and reduction targets set in Module 1 are then imported into Module 2, where the effects of various 

mitigation measures are calculated. 

Within Module 1, after a jurisdiction within the San Diego Region or the entire region itself is selected, the 

model pulls data pertaining to the selected city or region and generates a Business-as-Usual (BAU) CO2e 

emissions forecast for the years 2010 and 2035 in million metric tons CO2e per year (MMT CO2e/Yr).  The 

BAU forecast categorizes total emissions as a sum of contributions from transportation, electricity, natural 

gas, waste and water. Module 1 shows quantitatively the contributions of each of these categories to the total 

emissions for the selected city for each 5 year increment between 2010 and 2035. If a customized BAU either 

including or excluding certain federal or state mandated emissions reductions measures like Pavley I or the 

Renewable Portfolio Standard (RPS) is defined, the model will calculate the BAU emissions as per the user’s 

requests.  

While input BAU emissions data is pre-compiled for each jurisdiction for the year 2005, the model can 

generate a BAU value for 2010, or a user can define their own baseline emissions level.  The target reduction 

levels are selected after a baseline emissions level is defined.  The model allows for the selection of any 

reduction target, regardless of how aggressive or realistic it may be.  The model provides AB 32 guidelines 

(red dotted line) and E.O. S-3-05 guidelines (green dotted line).  The target aid shows what emissions level 

would have to be achieved in each year if a jurisdiction is on a linear path to achieve AB 32 in 2020 or E.O. S-

3-05 in 2050. 
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Module 1 provides a graph that showing BAU, and the user-selected emission reduction targets for 2020 and 

2035.  The emission reduction targets, as well as the AB32 and E.O. S-3-05 targets are shown as dotted lines 

where values between 2010-2020 and 2020-2035 are linear interpolations of 2010, 2020 and 2035 data points.  

The dotted lines representing AB32 and E.O. S-3-05, indicate for a given year, what emissions levels must be 

if the selected city or region is to be on the path to achieve those targets. Setting emission reduction target 

levels in 2020 and 2035 such that the lines representing those targets are below the stationary dotted lines 

representing AB32 and E.O. S-3-05, indicates reduction targets which are more aggressive targets than AB32 

and E.O. S-3-05.  

After a jurisdiction is selected and customized, and target reduction levels defined, Module 1 is complete a 

user proceeds to Module 2 (mitigation calculators). 

3 Module 2: Mitigation Calculators  
Module 2 of the Community Scale Greenhouse Gas Emissions Model focuses on mitigation measures. 

Module 2 divides about 31 different mitigation measures into categories of Transportation, Electricity and 

Natural Gas, and Waste & Water.  Each measure calculates expected emissions reductions resulting from user 

defined input variables. Where possible, smart suggestions and smart defaults are provided to the user as a 

guide for selecting realistic input values for each measure, or are used in the absence of user input. The results 

from each individual mitigation measure are aggregated to determine the total greenhouse gas reductions for 

the selected jurisdiction using standardized greenhouse gas tabulating relations. The following provides a brief 

summary of the calculation technique used for each mitigation measure, as well as any assumptions made. 

Most mitigation measures require several measure-specific variables in order to calculate emissions 

reductions, however the Mitigation Calculator module normally only shows one or two.  A user interested in 

a deeper or more customized calculation for a particular measure can click the blue link (same cell as the 

name of the mitigation measure) to access the full calculation.  The background calculations for all 

transportation emissions mitigation measures are located in the “Transportation Mitigation Measures” tab 

within the model.   

Important to note is that many of the mitigation measures are inter-related in that changing the input 

parameters for one mitigation measure can actually have an effect on the greenhouse gas emissions reductions 

of multiple other mitigation measures. For example, “Average Commute” is a transportation mitigation 

measure where the user can reduce transportation emissions by decreasing the average commute distance of 

the work force. However several other mitigation measures, like Vanpooling, for example, necessarily include 

average commute distance as a dependent variable required to calculate emission reductions. Another 

example is Cogeneration. The greenhouse gas emissions reductions resulting from increasing cogeneration 

capacity is necessarily relative to the greenhouse gas intensity of electricity. The Renewable Portfolio Standard 

(RPS) will have a considerable effect on the greenhouse gas intensity of electricity and, in turn, will determine 

the relative greenhouse gas emissions reductions due to Cogeneration. 

The model distinguishes mitigation measures as either “local” or “statewide.” Local mitigation measures are 

measures controlled or influenced by action taken at the local city government level. Statewide mitigation 

measures are measures adopted by the state or in some cases federal legislative action with local effects.   
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3.1 Electricity and Natural Gas Measures 

Within the Electricity and Natural Gas section, each mitigation measure contributes either to a reduction in 

consumption of electricity and/or natural gas, or to a decrease in the CO2e content of the energy consumed.  

The calculations relating to the Electricity and Natural Gas section of Module 2 can be found in the “Building 

Mitigation Measures” tab within the model.  

The basic equations used within the Electricity and Natural Gas section are: 

                                              

  (                               )(                                     ) 

where, 

(                               )

 (                        )  (                  )  (             )

 (                                                    ) 

and, 

(                                                     )

 (                       )

 (                                                 )  

Common Sources for Electric and Natural Gas Measures 

 Kavalec, Chris, Nicholas Fugate, Tom Gorin, Bryan Alcorn, Mark Ciminelli, Asish Gautam, Glen Sharp, 

and Kate Sullivan. 2012. California Energy Demand Forecast 2012-2022 Volume 1: Statewide Electricity 

Demand and Methods, End-User Natural Gas Demand, and Energy Efficiency. California Energy 

Commission, Electricity Supply Analysis Division. Publication Number: CEC-200-2012-001-SF-VI, 

available at http://www.energy.ca.gov/2012publications/CEC-200-2012-001/CEC-200-2012-001-SF-

V1.pdf.  

3.1.1 Renewable Portfolio Standard (RPS) 

Presently, RPS is the only measure contributing to the emissions rate (Ibs CO2e/MWh) of electricity 

generated by the provider, in this case SDG&E. When the user selects what percent of electricity sold by the 

provider must be generated from renewable resources, the electricity provider’s emission rate is then scaled 

accordingly. The resulting emissions rate  affects most other measures related to electricity. For example, a 

selected RPS value of 100% would correspond to zero emissions resulting from the electricity sold by the 

electricity provider. In this scenario, a measure to reduce electricity would not reduce GHG emissions as the 

electricity would be emissions free.  

Sources: 

 Renewable Portfolio Standard Bill (SBX 1 2), available at  http://www.leginfo.ca.gov/pub/11-

12/bill/sen/sb_0001-0050/sbx1_2_bill_20110412_chaptered.pdf. 

http://www.energy.ca.gov/2012publications/CEC-200-2012-001/CEC-200-2012-001-SF-V1.pdf
http://www.energy.ca.gov/2012publications/CEC-200-2012-001/CEC-200-2012-001-SF-V1.pdf
http://www.leginfo.ca.gov/pub/11-12/bill/sen/sb_0001-0050/sbx1_2_bill_20110412_chaptered.pdf
http://www.leginfo.ca.gov/pub/11-12/bill/sen/sb_0001-0050/sbx1_2_bill_20110412_chaptered.pdf
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3.1.2 Photovoltaics (Residential and Non-Residential) 

Residential Photovoltaics and Non-Residential Photovoltaics are mitigation measures where the user can 

enter values for two variables:  the PV installed cost (in 2010 dollars per watt, or 2010$/W) in 2010 and 2020 

and the capacity of PV Installed (MW) in 2010, 2020 and 2035.1  The measure estimates total annual 

emissions reductions2 (MMT CO2e) for the year 2020 and 2035, and the cost of this measure to reduce GHG 

emissions (2010$ NPV/MT CO2e) in the years 2020 and 2035 – these are values for systems installed in 2010 

and 2020, respectively. 

The calculations relating to both PV measures can be found in the “Elec. + NG Mitigation Measures” tab of 

the model, beginning in row 129. Below is the general relation used in the calculation. 

                             

 (                               )(               )(                    )  

                     

  (                              
   

   
 )

 (                                   )             

Cost calculations are located found in the “Building Mitigation Measures” tab of the model.  

Sources: 

 CSI Single-Installation Cost Effectiveness Tool, ES, August 2010, available at 

http://ethree.com/documents/CSI/CSI%20Individual%20Installation%20Tool%203_11_2011.xls 

 CA solar initiative California Solar Statistics, available at http://www.californiasolarstatistics.ca.gov/. 

 Galen Barbose, Naïm Darghouth, and Ryan Wiser, Tracking the Sun III:  The installed cost of 

Photovoltaics in the US from 1998-2010, Lawrence Berkeley Laboratory, December 2010, available at 

http://eetd.lbl.gov/ea/emp/reports/lbnl-4121e.pdf. 

3.1.3 Cogeneration 

Cogeneration is a local mitigation measure where the user can select the installed capacity (MW) in 2010, 2020 

and 2035.  The measure estimates total annual emissions reductions (MMT CO2e) for the years 2020 and 

2035. No cost calculation is available for cogeneration. 

The calculations relating to cogeneration can be found in the “Elec. + NG Mitigation Measures” tab of the 

model, beginning in row 219.  Below is the general relation used in the calculation. 

                             

 (                               )(               )(                    ) 

                                                           
1 Note that there are no cost values for 2035.  This is because the useful life of photovoltaics is as many as 25 years, 
which would extend estimated to 2060, well beyond the scope of the model.  
2 Total annual emissions reductions are the sum of emissions reductions in a given year from incremental activity and the 
emissions reductions still occurring from activities in previous years based on useful life.  For example, a photovoltaics 
system installed in 2010 would still be reducing emissions through 2035. 

http://ethree.com/documents/CSI/CSI%20Individual%20Installation%20Tool%203_11_2011.xls
http://www.californiasolarstatistics.ca.gov/
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  (                                                [
   

   
]

                                          [
   

   
])

 (                                   )             

Cogeneration is one of the few measures that, depending on other measures settings, can actually contribute 

to GHG emissions.  When 

                                                

                                        , then cogeneration increases GHG emissions. 

Sources: 

 E3 Modeling inputs for New CHP Built in 2008 and 2020, available at 

www.ethree.com/GHG/New%20CHP%20Data.032408.xls  

 Assessment of California CHP Market and Policy Options for Increased Penetration, EPRI, Palo Alto, CA, 

California Energy Commission, Sacramento, CA: 2005, available at 

http://www.energy.ca.gov/2005publications/CEC-500-2005-173/CEC-500-2005-173.PDF  

 Darrow, Ken, Bruce Hedman, Anne Hampson. 2009. Combined Heat and Power Market Assessment. 

California Energy Commission, PIER Program. CEC-500-2009-094-D, available at 

http://www.energy.ca.gov/2009publications/CEC-500-2009-094/CEC-500-2009-094-D.PDF  

 SDG&E Cogeneration and Small Power Production Report, available at 

http://www2.sdge.com/srac/Jan_Jun_2011_Final.xls  

 California Energy Commission Power Plant Database, available at 

http://energyalmanac.ca.gov/powerplants/POWER_PLANTS.XLS    

3.1.4 Residential Efficiency Retrofits (Single-Family and Multi-Family) 

Residential Efficiency Retrofits for both single-family and multi-family housing units are mitigation measures 

where the user can input energy values for two variables:  the percentage of energy reduction per unit in 2010, 

2020 and 2035 and the percentage of total units that retrofit in 2010, 2020 and 2035.  The measure estimates 

total annual emissions reductions (MMT CO2e) for the years 2020 and 2035, and the cost of this measure to 

reduce GHG emissions (2010$ NPV/MT CO2e) in the years 2020 and 2035 – these are values for systems 

installed in 2010 and 2020, respectively. 

The calculations relating to Residential Efficiency Retrofits can be found in the “Elec. + NG Mitigation 

Measures” tab of the model. Below is the general relation used in the calculation. 

                          

 (                          )(                         

     )(                                                    )  

                          

 (                          )(                

     )(                                           )  

http://www.ethree.com/GHG/New%20CHP%20Data.032408.xls
http://www.energy.ca.gov/2005publications/CEC-500-2005-173/CEC-500-2005-173.PDF
http://www.energy.ca.gov/2009publications/CEC-500-2009-094/CEC-500-2009-094-D.PDF
http://www2.sdge.com/srac/Jan_Jun_2011_Final.xls
http://energyalmanac.ca.gov/powerplants/POWER_PLANTS.XLS


Community-Scale Greenhouse Gas Emissions Model: San Diego Region.  
Technical Documentation and Methodology V 1.0 

 

Energy Policy Initiatives Center  6 

                     

  (                              
   

   
 )  (                                )

 (                              
   

         
 )

 (                                      )             

Cost calculations are located found in the “Building Mitigation Measures” tab of the model.  

Sources: 

 California Public Utilities Commission Database for Energy Efficient Resources (DEER), available at 

http://www.energy.ca.gov/deer/. 

 Berkeley Residential Energy Conservation Ordinance, available at 

http://www.ci.berkeley.ca.us/ContentDisplay.aspx?id=16030. 

 Meeting AB 32 - Cost-Effective Green House Gas Reductions in the Residential Sector. CONSOL, 

August 2008, available at http://www.consol.ws/studies.php.  

 Critical Cooling, SPUR, February 2009, available at 

http://www.spur.org/publications/library/report/critical_cooling) 

3.1.5 Commercial Efficiency Retrofits 

Commercial Efficiency Retrofits is a mitigation measure where the user can enter values for two variables: 

percentage of energy reduction in 2010, 2020 and 2035 and the percentage of total  commercial square feet 

that are retrofit in 2010, 2020 and 2035.  The measure estimates total annual emissions reductions (MMT 

CO2e) for the years 2020 and 2035, and the cost of this measure to reduce GHG emissions (2010$ NPV/MT 

CO2e) in the years 2020 and 2035 – these are values for systems installed in 2010 and 2020, respectively. 

The calculations relating to Commercial Efficiency Retrofits can be found in the “Elec. + NG Mitigation 

Measures” tab of the model. Below is the general relation used in the calculation. 

                          

 (                          )(                                     )(                                       )  

                          

 (                          )(                           )(                              )  

                     

  (                              
   

   
 )  (                                )

 (                              
   

         
 )

 (                                      )             

Cost calculations are located found in the “Elec. + NG Mitigation Measures Tab” tab of the model.  

Sources: 

 SDG&E Standard Performance Contract program data for 2006 and 2007. 

http://www.energy.ca.gov/deer/
http://www.ci.berkeley.ca.us/ContentDisplay.aspx?id=16030
http://www.consol.ws/studies.php
http://www.spur.org/publications/library/report/critical_cooling


Community-Scale Greenhouse Gas Emissions Model: San Diego Region.  
Technical Documentation and Methodology V 1.0 

 

Energy Policy Initiatives Center  7 

 California Public Utilities Commission Database for Energy Efficient Resources (DEER), available at 

http://www.energy.ca.gov/deer/. 

3.1.6 New Construction Efficiency (Residential and Commercial) (Non-Lighting) 

New Construction Efficiency for Residential and Commercial Buildings are mitigation measures where the 

user can enter values for the a percentage improvement in efficiency beyond what is required to comply with 

California’s appliance and building standards (Title 20 and Title 24, respectively), and Federal New 

Construction Standards in 2010, 2020 and 2035.  The measure estimates total annual emissions reductions 

(MMT CO2e) for the years 2020 and 2035. 

The calculations relating to New Construction Efficiency can be found in the “Elec. + NG Mitigation 

Measures” tab of the model.  Below is the general relation used in the calculation. 

                                     

 (                        )(                                         )  

                                     

 (                        )(                                )  

                                     

 (                        )(                                         )  

                                     

 (                        )(                                )  

                                              

 (                        )(                                          )  

                                              

 (                        )(                                ) 

                     

  (                              
   

   
 )

 (                                  (                          )

 (                              
   

         
 )

 (                         (                                )

            

Sources: 

 California Energy Commission Residential Appliance Saturation Survey, available at 

http://www.energy.ca.gov/appliances/rass/  

 California Energy Commission Commercial End Use Study California Energy Commission, available at 

http://www.energy.ca.gov/ceus/  

http://www.energy.ca.gov/appliances/rass/
http://www.energy.ca.gov/ceus/
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 San Diego Association of Governments population and housing projections, SANDAG Data 

Warehouse, available at http://datawarehouse.sandag.org/  

3.1.7 Solar Water Heaters (Retrofits and New Construction) 

Installing Solar Water Heaters on Residential and Commercial properties is a mitigation measure where the 

user can enter values for two variables: the system cost and the percentage of homes – both existing and new 

construction -- with solar water heaters installed in 2010, 2020 and 2035.  The measure estimates total annual 

emissions reductions (MMT CO2e) for the years 2020 and 2035, and the cost of this measure to reduce GHG 

emissions (2010$ NPV/MT CO2e) in the years 2020 and 2035 – these are values for systems installed in 2010 

and 2020, respectively.  

The calculations relating to Residential Solar Water Heaters can be found in the “Elec. + NG Mitigation 

Measures” tab of the model. Below is the general relation used in the calculation. 

                           (                    )(                       )  

                           (                    )(              )  

                     

  (                              
   

   
 )  (                                )

 (                              
   

         
 )

 (                                      )             

Cost calculations are located found in the “Building Mitigation Measures” tab of the model. 

Sources: 

 CSI Solar Water Heating Pilot Program Final Evaluation Report, Itron. March 2011, available at 

http://energycenter.org/index.php/incentive-programs/solar-water-heating/swhpp-

documents/doc_download/727-swh-pilot-program-itron-final-evaluation-report. 

 CPUC Decision 10-01-022 (January 21, 2010), available at  

http://docs.cpuc.ca.gov/PUBLISHED/FINAL_DECISION/112748.htm. 

3.2 Transportation Mitigation Calculators 

The transportation emissions mitigation measures represent statewide and local regulations, policies and 

initiatives designed to reduce greenhouse gas emissions. Within the Mitigation Calculators module, a user can 

select values for a range of variables affecting the magnitude of GHG emissions reductions and, in some 

cases, the cost of reducing emissions for each mitigation measure.  

The highest level calculation for transportation emissions multiplies the total VMT for a region by the fleet 

CO2e/VMT for a given year.  The vehicle fleet, as defined by the EMFAC2011 model, includes all on-road 

vehicles and is comprised primarily of passenger cars and light and heavy duty trucks. This calculation yields 

total annual transportation emissions in million metric tons (MMT) CO2e. Each mitigation measure 

contributes to either a reduction in total VMT, or a reduction in the fleet CO2e emission rate.  

 

http://datawarehouse.sandag.org/
http://docs.cpuc.ca.gov/PUBLISHED/FINAL_DECISION/112748.htm
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Common Sources for Transportation Measures 

 EMFAC 2011 is the latest update in a series of California Air Resources Board (CARB) approved models 

used by California to assess on-road vehicular tailpipe emissions. It is available at 

http://www.arb.ca.gov/msei/documentation.htm.   

 Elasticity data for the calculation of VMT reductions from local measures and price effects were obtained 

from: Reid Erwing and Robert Cervero (2010): Travel and the Built Environment, Journal of the 

American Planning Association 76:3, 265-294; and, Victoria Transport Policy Institute, Transportation 

Elasticities, available at: http://www.vtpi.org/tdm/tdm11.htm 

 Bicycle strategies elasticity data were obtained from: Technical Appendices, Moving Cooler, An Analysis 

of Transportation Strategies for Reducing Greenhouse Gas Emissions, Cambridge Systematics, October 

2009 

3.2.1 Vehicle Efficiency (Pavley I through 2016) 

The California AB 1493 (2002, Pavley I) required manufacturers to conform to stringent tailpipe emissions 

standards for greenhouse gases equivalent to achieving a significant increase in fuel efficiency of cars and light 

duty trucks. In May 2009, the federal Corporate Average Fuel Economy Standards (CAFÉ) were adjusted to 

conform to California’s Pavley I equivalent. California then amended AB 1493 (Pavley I) to conform to the 

federal CAFE standard from 2012 to 2016, on condition that it receives a waiver to set its own vehicle 

standards after 2016 and enforce its standards for model years 2009 to 2011. CAFE mandates the sales-

weighted average fuel economy (in mpg) of the passenger cars and light-duty trucks for a manufacturer’s fleet. 

New passenger vehicles must meet a sales weighted average of 39 mpg, light duty trucks a value of 30 mpg, 

resulting in an average 34.5 mpg for the fleet if it is met only by fuel economy improvements. This 

corresponds to a CO2e target of 250 grams/mile in 2016 from new vehicles.  

Additionally, this model incorporates the latest federal Corporate Average Fuel Economy (CAFÉ) standards 

for 2017 – 2025. The standards require the combined miles per gallon of new car and light duty trucks to 

increase from 36.6 MPG in 2017 to 54.5 MPG in 2025. The model accounts for the greenhouse gas 

reductions forecast from the improved fuel economy. Additionally, using EMFAC2011 vehicle model year 

population forecasts, the model phases in new vehicles with the improved fuel economy into the total vehicle 

fleet on the road between 2017 – 2035, and accounts for the greenhouse reductions that propagate beyond 

2025.   

While vehicle efficiency is commonly measured in miles per gallon, this model uses grams of CO2e per mile 

(CO2e/mile). The project team used the EMFAC 2011 model to generate a total fleet GHG emissions rate 

for 2010 through 2035. EMFAC 2011 also outputs vehicle miles traveled and has the capability to 

disaggregate data by vehicle model year and calendar year for 2010 – 2035. 

EMFAC 2011 outputs accounts only for Pavley I standards, equivalent to CAFÉ 2012-2016, when generating 

fleet GHG emissions forecasts.  The model allows a user to alter the forecast future values beyond Pavley I 

for CO2e/mile in 2020 and 2035.  

The measure estimates annual emissions reductions (MMT CO2e) for the years 2020 and 2035 and provides 

the starting values for fleet   
    

  
  and    

    

       
   from which greenhouse gas emissions reductions are 

calculated from the total mitigated VMT resulting from each mitigation measure. 
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Sources: 

 Average Fuel Economy Standards, Passenger Cars and Light Trucks, MY 2011; Final Rule is available at 

http://www.nhtsa.gov/fuel-economy. 

3.2.2 Low Carbon Fuel Standard (LCFS) 

The California LCFS (2010) requires that a regulated party reduce the carbon intensity per Mega-Joule of its 

transportation fuel (gasoline and diesel) by 10% in 2020 compared with 2010. A regulated party is any 

supplier of transportation fuel, including importers. Electricity suppliers are considered regulated parties only 

if they elect to provide credit to fuel distributors. At this time, there are no monitoring reports of the status of 

use of electricity credits for the LCFS to indicate the magnitude of carbon intensity reduction that electric 

vehicles will play in 2020. Therefore, for purposes of this model, miles driven by electric vehicles are not 

considered a part of this standard.  The model also assumes no new low carbon fuel mandates from 2021 that 

affects results in 2035. 

The EMFAC2011 model used to generate the total fleet GHG emission rate (CO2e/mile) forecast includes 

emission reductions corresponding to the expected phase in of the LCFS from 0% in 2010 to 10% in 2020. 

Therefore, the emissions reductions from the LCFS are already included in the total fleet GHG emissions 

rate forecast found in the Vehicle Efficiency calculator above.  If, however, a user wants to lower the 

expected phase in amount in 2020 from 10%, that change is reflected in the Vehicle Efficiency calculator 

above. 

Sources: 

 Information about the LCFS program is available at: http://www.arb.ca.gov/fuels/lcfs/lcfs.htm 

3.2.3 Average Commute 

Average Commute is a mitigation measure where the user can select the average daily round-trip commute 

distance in 2010, 2020 and 2035. The measure estimates total annual emissions reductions (MMT CO2e) for 

the years 2020 and 2035. 

The calculations relating to Average Commute are located in the “Transportation Mitigation Measures” tab of 

the model. Below is the general relation used in the calculation. 

            (     )      

where, 

               (          )                                 

                                         

                                                               (    ) 

                                                        

                                    (          )  (            ⁄ )⁄  

http://www.nhtsa.gov/fuel-economy
http://www.arb.ca.gov/fuels/lcfs/lcfs.htm
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The measure estimates total annual emissions reductions as a sum of annual emissions reductions according 

to the following relation: 

                    (
    

  
)
         

 

where, 

(
    

  
)
         

                                       

3.2.4 Telecommuting 

Telecommuting is a mitigation measure where the user can enter values for several variables: the percentage 

of jobs that are telecommutable, the percentage of those eligible jobs that are actually telecommuted, and the 

days per week telecommuted for the years 2010, 2020 and 2035. The measure estimates total annual 

emissions reductions (MMT CO2e) for the years 2020 and 2035. 

The calculations relating to Telecommuting are located in the “Transportation Mitigation Measures” tab of 

the model.  Below is the general relation used in the calculation. 

            ( )  ( )  (     
    ⁄

)        

where, 

               (          )                                 

                                         

( )                                                 

( )                                                            

     
    ⁄

         ⁄                        

                                                        

                    ⁄  

The measure outputs Total Cumulate Emissions Reductions as a sum of annual emissions reductions 

according to the following relation: 

                    (
    

  
)
         

 

where, 

(
    

  
)
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Sources: 

 SANDAG Regional Transportation Plan 2050, Chapter 3, Sustainable Communities Strategy, available at: 

http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail 

 SANDAG Board Meeting, July 9, 2010, Item 3, SB 375 Implementation, available at: 

http://www.sandag.org/index.asp?committeeid=31&fuseaction=committees.detail - mSched 

3.2.5 Electric Vehicles 

Electric Vehicles (EV’s) is a mitigation measure where the user can select the percentage of total fleet VMT 

that is driven by electric vehicles for the years 2010, 2020 and 2035. The measure estimates total annual 

emissions reductions (MMT CO2e) for the years 2020 and 2035. 

The calculations relating to Telecommuting are located in the “Transportation Mitigation Measures” tab of 

the model. Below is the general relation used in the calculation. 

                    ( )   

               (          )                                 

                                                                                       

( )                                                             

The measure estimates a total annual emissions reduction according to the following relation: 

                    (
    

  
)
         

 

where,  

(
    

  
)
         

                                       

Additionally, a change in miles driven by EV’s creates a corresponding change in the amount of electricity 

needed to supply the vehicles. The change of electricity from EV use is added to the total electricity demand 

found in the “Building Mitigation Measures” tab. The component is determined by the following relation: 

                    (             ) 

where, 

(             )               ⁄                                

Sources: 

 Kavalec, Chris, Nicholas Fugate, Tom Gorin, Bryan Alcorn, Mark Ciminelli, Asish Gautam, Glen Sharp, 

and Kate Sullivan. 2012. California Energy Demand Forecast 2012‐2022 Volume 1: Statewide Electricity 

Demand and Methods, End‐User Natural Gas Demand, and Energy Efficiency. California Energy 

http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail
http://www.sandag.org/index.asp?committeeid=31&fuseaction=committees.detail#mSched
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Commission, Electricity Supply Analysis Division. Publication Number: CEC‐200‐2012‐001‐SF‐VI, 

available at http://www.energy.ca.gov/2012publications/CEC-200-2012-001/CEC-200-2012-001-SF-

V1.pdf. 

 US. Department of Energy, US Environmental Protection Agency, 2011.  Fuel Economy Guide – Model 

Year 2011.  DOE/EE-0333.  http://www.fueleconomy.gov/feg/feg2011.pdf. 

3.2.6 Eco-Driving 

Eco-Driving is a mitigation measure where the user can select the percentage of licensed drivers that are 

trained under an Eco-Driving program for the years 2010, 2020 and 2035. The measure estimate total annual 

emissions reductions (MMT CO2e) for the years 2020 and 2035. 

The calculations relating to Eco-Driving are located in the “Transportation Mitigation Measures” tab of the 

model. Below is the general relation used in the calculation. 

     ( )   (
   

               
)
      

 (   ) 

where, 

               (          )                                 

(
   

               
)
      

                                                                

(   )                                                                   

The measure estimates total annual emissions reductions according to the following relation: 

                    (
    

  
)
         

 

where, 

(
    

  
)
         

                                       

The Eco-Driving mitigation measure assumes that Eco-Driver Training results in a 5% overall increase in 

driver efficiency and further that such an increase results in emissions reductions equivalent to a 5% 

reduction in annual VMT. For example, using input values of 2% in 2010, 5% in 2020 and 10% in 2035 this 

measure represents less than 1% of emissions reduction resulting from all transportation mitigation measures. 

Sources: 

 CASE STUDY: EcoDriving: American Programs and Results, December 2009, at 

http://www.ecodrive.org/ 

3.2.7 Population Density 

Population Density is a mitigation measure where the user can select a value for population density, for the 

years 2020 and 2035. Default values provide the user with forecast increases in population density for 2020 
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and 2035. The measure estimates total annual emissions reductions (MMT CO2e) for the years 2020 and 

2035. 

The calculations relating to Population Density are located in the “Transportation Mitigation Measures” tab 

of the model. Below is the general relation used in the calculation. 

         
            

             

    
        (( )   ( )  )                

    
             (( )    )                

and, 

( )         

( )           

where, 

               (          )                                 

    
                  (          )                                        

    
            

           (          )                                                 

( )                                              

( )                                                                                   

                                         

                                                         

                                    (          )  (            ⁄ )⁄  

( )                                                                                     

                                                                              

                                                                                       

                                                        

                                                     

The population density measure estimates total annual emissions reductions due to increases in commuter 

walking according to the following relation: 
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        (

    

  
)
         

 

where, 

(
    

  
)
         

                                       

The emissions reductions due to increases in commuter mass transit use are counted within the category of 

Mass Transit. 

Sources: 

 Demographics and Other Data, available at: 

http://www.sandag.org/index.asp?classid=26&fuseaction=home.classhomePopulation 

 SANDAG, Regional Transportation Plan 2050, Chapter 3, available at: 

http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail 

 More information about community smart growth plans are found at: 

http://www.sandag.org/index.asp?projectid=296&fuseaction=projects.detail 

3.2.8 Mass Transit 

Mass Transit is a mitigation measure where the user can select a value for the percentage of commuters that 

use mass transit (ridership) for the years 2010, 2020 and 2035. Default values provide the user with present 

and forecast ridership percentages for 2010, 2020 and 2035. The measure estimates annual emissions 

reductions (MMT CO2e) for the years 2020 and 2035.  

The calculations relating to Mass Transit are located in the “Transportation Mitigation Measures” tab of the 

model. Below is the general relation used in the calculation. 

     (( )    ( )     ( )   )                

where, 

               (          )                                 

( )                                                           

( )                                                                           

( )                                                                                     

                                         

                       

                                                               

                                    (          )  (            ⁄ )⁄  

The measure estimates annual emissions reductions according to the following relation: 

http://www.sandag.org/index.asp?classid=26&fuseaction=home.classhomePopulation
http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail
http://www.sandag.org/index.asp?projectid=296&fuseaction=projects.detail
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                    (
    

  
)
         

 

where, 

(
    

  
)
         

                                       

The Mass Transit measure includes mitigated VMT resulting from changes in population density. An increase 

in population density is accounted for in the model as a net increase in the baseline mass transit ridership. 

A source of error in the mass transit mitigation measure is the lack of consideration of the emissions resulting 

from the buses and trains comprising the transit network. Those emissions will be accounted for once data 

regarding the transit fleet become available.  

Sources: 

 SANDAG Regional Transportation Plan 2050, Chapter 3, Sustainable Communities Strategy, Final 

Environmental Impact Report, Appendix F-1, October 2011, available at: 

http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail 

3.2.9 Alternate Work Schedule 

Alternate Work Schedule is a mitigation measure where the user can enter values for several variables: the 

percentage of jobs in the labor force that have alternative work schedules, the days per work week for 

participating jobs, and the miles driven in off days for participating jobs for the years 2010, 2020 and 2035. 

The measure estimates annual emissions reductions (MMT CO2e) for the years 2020 and 2035. 

The calculations relating to Alternate Work Schedule are located in the “Transportation Mitigation Measures” 

tab of the mode. Below is the general relation used in the calculation. 

     ( )      

   
       (

    

      
 

    

           
)     (       ) 

where, 

               (          )                                 

( )      
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The measure annual emissions reductions according to the following relation: 

                    (
    

  
)
         

 

where, 

(
    

  
)
         

                                       

3.2.10 Bicycle Strategy 

Bicycle Strategy is a mitigation measure where the user can select the bicycle lanes per square mile for years 

2010, 2020 and 2035. The measure estimates annual emissions reductions (MMT CO2e) for the years 2020 

and 2035. 

The calculations relating to Bicycle Strategy are located in the “Transportation Mitigation Measures” tab of 

the model. Below is the general relation used in the calculation. 
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The measure estimates annual emissions reductions according to the following relation: 

                    (
    

  
)
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where, 

(
    

  
)
         

                                       

Several sources of error are present in the Bicycle Strategy calculations. Chiefly, the relation between the 

bicycle lanes per mile and the percentage of commuters biking to work is assumed to increase linearly as the 

bicycle lanes per square mile increases. This assumption is taken from “Moving Cooler, Technical Appendices 

October 2009, p. B-27.” If more specific elasticity values for bicycle lane use are discovered, they will be used 

to adjust the linear relation currently in place.  

Additionally, the default value for average daily round trip commutes is assumed to be 8 miles. This value will 

vary at least between cities. 

Sources: 

 SANDAG, communication, for average bicycle commute distance in City of San Diego, 2009 

 SANDAG Plan Report, City of San Diego Bicycle Master Plan, Alta Consulting, 2002. 

 Moving Cooler: An Analysis of Transportation Strategies for Reducing Greenhouse Gas Emissions, 

Cambridge Systematics, July 2009. 

3.2.11 Vanpooling 

Vanpooling is a mitigation measure where the user can select the average vanpool size and the labor force 

ridership percentage for years 2010, 2020 and 2035. The measure estimates annual emissions reductions 

(MMT CO2e) for the years 2020 and 2035. 

The calculations relating to Vanpooling are located in the “Transportation Mitigation Measures” tab of the 

model. Below is the general relation used in the calculation. 

     (( )      

  
              )  (

( )      

  
       

   
   

       
    

    
) 

where, 

               (          )                                 

( )      

  
                                                  

                                         

                                    (          )  (            ⁄ )⁄  

                                                        

  
                                                                          

                          

                                         



Community-Scale Greenhouse Gas Emissions Model: San Diego Region.  
Technical Documentation and Methodology V 1.0 

 

Energy Policy Initiatives Center  19 

                                       

The measure outputs Total Cumulate Emissions Reductions as a sum of annual emissions reductions 

according to the following relation: 

                    (
    

  
)
         

 

where, 

(
    

  
)
         

                                       

3.2.12 Price of Gasoline 

In this measure, the user can select the average price per gallon of gasoline, for years 2010, 2020 and 2035, 

which is related to the demand for gasoline. The measure outputs annual emissions reductions (MMT CO2e) 

by year 2020 and 2035. 

The calculations relating to Price of Gasoline are located in the “Transportation Mitigation Measures” tab of 

the model, beginning in row 431. Below is the general relation used in the calculation. 
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The measure estimates annual emissions reductions according to the following relation: 
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The price per gallon values in 2010, 2020 and 2035 used in this measures are in 2010 dollars. 

3.2.13 Pricing Parking 

Pricing Parking is a mitigation measure where the user can select the price per city owned parking space in the 

urban area of a selected city, if such an area exists, for years 2010, 2020 and 2035. The measure estimates 

annual emissions reductions (MMT CO2e) for the years 2020 and 2035. 

The calculations relating to Pricing Parking are located in the “Transportation Mitigation Measures” tab of 

the model. Below is the general relation used in the calculation. 

            ( )       
        

(
 

     
)
 

 (
 

     
)
   

(
 

     
)
 

      

where, 
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The measure estimates annual emissions reductions according to the following relation: 

                    (
    

  
)
         

 

where, 

(
    

  
)
         

                                       

Since data on the percent of the labor force using public parking in urban and metropolitan areas ( 

( )       
) is not readily available, data for the city of San Diego is scaled up or down according to the labor 

force population of each city. See the relevant parts of the “Transportation Mitigation Measures” tab for an 

explanation of this assumption. Additionally, accurate data regarding the number of public parking spaces in 

cities within the San Diego region is also not readily available. As such, the city of San Diego, for which such 

data is available, is used to determine the total number of spaces in other areas. This assumption, while 

necessary in order to develop an estimate for a given city, introduces an error into the calculation. It is 

recommended that mitigation measures within this model that are related to parking are zeroed out when 

examining a city without a substantial urban/metropolitan area. 
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Sources: 

 SANDAG, Regional Transportation Plan 2050, available at: 

http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail 

3.2.14 Reduced Parking 

Reduced Parking is a mitigation measure where the user can select the percentage of public parking spaces 

removed in the urban area of a selected city, if such an area exists, for years 2010, 2020 and 2035. The 

measure estimates annual emissions reductions (MMT CO2e) for the years 2020 and 2035. It assumes that for 

each space removed, GHG emissions are avoided from those miles avoided. 

The calculations relating to Reduced Parking are located in the “Transportation Mitigation Measures” tab of 

the model. Below is the general relation used in the calculation. 
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The measure estimates annual emissions reductions according to the following relation: 
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Additionally, accurate data regarding the number of public parking spaces in cities within the San Diego 

region is not readily available. As such, the city of San Diego, for which such data is available, is used to 

determine the total number of spaces in other areas. This assumption, while necessary in order to develop an 

estimate for a given city, introduces a degree of error into the calculation. It is recommended that mitigation 

http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail
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measures within this model that are related to parking are zeroed out when examining a city without a 

substantial urban/metropolitan area. 

Sources: 

 SANDAG, Regional Transportation Plan 2050, available at: 

http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail 

3.2.15 Preferential Parking for EV’s (Electric Vehicles) 

Preferential Parking for EV’s is a mitigation measure where the user can select the percentage of public 

parking spaces reserved for electric vehicles in the urban area of a selected city, if such an area exists, for years 

2010, 2020 and 2035. The measure estimates annual emissions reductions (MMT CO2e) for the years 2020 

and 2035. For each EV space provided, we avoid emissions from conventional vehicles. 

The calculations relating to Reduced Parking are located in the “Transportation Mitigation Measures” tab of 

the model. Below is the general relation used in the calculation. 
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The measure estimates annual emissions reductions according to the following relation: 
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Additionally, accurate data regarding the number of public parking spaces in cities within the San Diego 

region is not readily available. As such, the city of San Diego, for which such data is available, is used to 

http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail
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determine the total number of spaces in other areas. This assumption, while necessary in order to develop an 

estimate for a given city, introduces a degree of error into the calculation. It is recommended that mitigation 

measures within this model that are related to parking are zeroed out when examining a city without a 

substantial urban/metropolitan area. 

Sources: 

 SANDAG, Regional Transportation Plan 2050, available at: 

http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail 

3.3 Water 

Per Capita Water Consumption: This measure determines the total water consumption for the selected 

jurisdiction based on the user defined per capita water consumption. The emissions and corresponding 

emission reductions for all the other water measures are based on the user defined per capita consumption 

levels.  

Supply and Conveyance: This measure estimates emissions reductions from changes in consumption and 

efficiency within the network that supplies and conveys water to the San Diego region.  Users can vary 

consumption in terms of gallons per capita per day, and efficiency in terms of CO2e/kWh, and kWh/Million 

Gallons.  Emissions and corresponding reductions associated with Supply and Conveyance constitute an 

independent component of the overall emissions inventory. 

Water Treatment: This measure estimates emissions reductions from changes in the efficiency of the water 

treatment facilities within the network.  Users can vary efficiency in terms of greenhouse gas intensity 

(CO2e/kWh) and energy intensity (kWh/Million Gallons). Improvements to the Water Treatment system 

efficiency correspond to reductions in the electricity demand for the selected jurisdiction. Reductions in the 

electricity demand correspond to reductions in the greenhouse gas emissions as a function of the greenhouse 

gas intensity of electricity as defined in the model. 

Water Distribution: This measure estimates emissions reductions from changes in the efficiency of the 

water distribution network.  Users can vary efficiency in terms of greenhouse gas intensity (CO2e/kWh) and 

energy intensity (kWh/Million Gallons). Improvements to the Water Distribution system efficiency 

correspond to reductions in the electricity demand for the selected jurisdiction. Reductions in the electricity 

demand correspond to reductions in the greenhouse gas emissions as a function of the greenhouse gas 

intensity of electricity as defined in the model. 

3.4 Waste and Wastewater 

Landfill Waste:  This measure estimates emissions reductions resulting from capturing landfill emissions.  

Users can change values for the percentage of landfill waste that is captured and a corresponding GHG 

emissions reduction is calculated.  The IPCC waste model with data for the City of San Diego was used to 

obtain estimates of emissions and then scaled in proportion to population for the other cities. 

Wastewater:  This measure estimates emissions reductions from capturing wastewater treatment emissions.  

Users can change values for the percentage of wastewater treatment emissions that are captured and a 

corresponding GHG emissions reduction is calculated.  

 

http://www.sandag.org/index.asp?projectid=349&fuseaction=projects.detail
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Sources: 

 IPCC Waste Model, available at: http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.html 

 EPIC Greenhouse Gas Inventory, Waste, available at: 

http://www.sandiego.edu/epic/data_center/greenhouse_gas.php 

4 Data 
All data used by the model is housed in the “Community Data” tab. Data is organized horizontally by city 

and vertically by year and data category.  When a user selects a jurisdiction in Module 1 (BAU and Targets 

module), the model uses a “lookup” function to locate just the data column that pertains to the selected 

jurisdiction.  A user who wishes to use outside data for a particular calculation may do so by simply inputting 

the outside data in place of the default data.  

Within the “Community Data” tab, each data type contains a note either in column A or on the cell 

containing the first data point.  (Notes in Excel are visible as a red triangle in the upper right corner of a given 

cell, simply mouse over the cell to see the note.)  Notes tagged on the title of a data set indicate the source of 

the data, notes on the first data point indicate where assumptions or simplifications are made to obtain data 

by city.   

Some data sources, like human population, are available at the city level. Others, like vehicle population, are 

only available at the regional level. For instances of the later, regional data is scaled down to the city level for 

each jurisdiction using various scaling factors. For example, the regional vehicle population is scaled down to 

the city level according to what fraction of the regional human population lives in a given jurisdiction. 

The following table indicates whether a data source is available at the city scale, or the regional scale. 

Data Source Data Scale 

VMT (Annual) Regional, scaled to the city level 

Population (Human) City Scale, forecast in 5 year increments, interpolated 
for non-forecast years.  

Population (Vehicles) Regional, scaled to the city level by human population 

Electricity - Gross Generation less  PV (GWh) Regional, scaled to the city level by population 

Natural Gas (MM Therms): Regional, scaled to the city level by population 

Landfill Waste Emissions (MMT CO2e/Yr) Regional, scaled to the city level by population 

Wastewater Waste Emissions (MMT CO2e/Yr) Regional, scaled to the city level by population 

Electricity - Net Energy for Load (SDG&E's 
Component) (GWh): 

City Scale 

Electricity - Self Generation (CoGen's Component) 
(GWh): 

City Scale 

Electricity - PV (PV's Component) (GWh): City Scale 

Single Family Housing City Scale 

Multi-Family Housing City Scale 

Electricity Consumption - Residential Homes (SF + 
MF) (GWh): 

City Scale 

Electricity Consumption - Commercial Buildings 
(GWh) 

City Scale 

Electricity Consumption - Residential EVs (GWh) Regional, scaled to the city level by population 

Electricity Consumption - Commercial EVs (GWh) Regional, scaled to the city level by population 

http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.html
http://www.sandiego.edu/epic/data_center/greenhouse_gas.php
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Natural Gas Consumption - Residential (SF + MF) 
(MM Therms) 

Regional, scaled to the city level by population 

Natural Gas Consumption - Commerical (MM 
Therms) 

Regional, scaled to the city level by population 

Commercial Building SqFt (MM SqFt) Regional, scaled to the city level by population 

Labor Force Regional, scaled to the city level by population 

Licensed Drivers (Private Vehicles) Regional, scaled to the city level by population 

Waste - Landfill Emissions (MMT CO2e/Yr) Regional, scaled to the city level by population 

Waste - Wastewater Emissions (MMT CO2e/Yr) Regional, scaled to the city level by population 

Population Density (People/ Square Mile) City Scale 

Water (Gallons) Regional, scaled to the city level by population 

 


