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Project 1: Cosumnes River Interceptor 
Project

Construction project: replacement of an existing interceptor 
(sewer line) with a new interceptor in Folsom(sewer line) with a new interceptor in Folsom

• Project details:
– Construction occurs 08/02/2010 through 09/03/2010

• Site Grading 08/02/2010 through 09/03/2010

– 1 grader: 150 hp @ 4 hours/day

• Trenching 08/16/2010 through 08/27/2010

– 1 backhoe: 100 hp @ 6 hours/day
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1 backhoe: 100 hp @ 6 hours/day

• Backfill 08/30/2010 through 09/03/2010

– 1 backhoe: 100 hp @ 6 hours/day

– 1 roller: 85 hp @ 4 hours/day

– No net soil imported/exported

Cosumnes River Interceptor Project: 
Emission sources

Cosumnes River Interceptor Project - replacement of an 
existing interceptor with a new interceptorexisting interceptor with a new interceptor

• What are the sources of emissions?
– Direct emissions

• Construction equipment

• Employee commute

• Vender/delivery trips

I di t i i
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– Indirect emissions
• Usually none



3

Cosumnes River Interceptor Project: Tools to 
Calculate Emissions

• What tools would be used to calculate emissions?
– URBEMIS2007URBEMIS2007

• Direct emissions
– Construction equipment
– Employee commute
– Vender/delivery trips

– The Climate Registry General Reporting Protocol
• CH4 and N2O emissions calculations from diesel fuel consumption
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Cosumnes River Interceptor Project: 
Construction URBEMIS Inputs

Input project-specific data
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Cosumnes River Interceptor Project: 
URBEMIS Output Files

URBEMIS2007 output file CO2 emissions
(pounds per day)(pounds per day)
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Cosumnes River Interceptor Project: 
Construction CH4, N2O, and CO2e Emissions

Kg CO2 per gallon fuel 
burned)
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Kg CH4 and N2O per gallon 
fuel burned)
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Cosumnes River Interceptor Project: 
Construction CH4, N2O, and CO2e Emissions
Climate Registry data used to calculate CH4 and N2O for construction 

emissions
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Total construction 
CO2e emissions

Calculated from Climate Registry 
General Reporting Protocol data

Calculated from URBEMIS

Project 2: Happy Acres

Happy Acres – large mixed use development in 
Sacramento CountySacramento County

• Project details
Land use Units Number of units

Trip generation rate 
(number trips/unit) Acres

Electricity use 
(kWh/unit/yr)

Natural gas use 
(Cubic feet/unit/yr)

Single family residential Residence 1,500 9.08 400 10,000 50,000

High rise apartments Residence 1,500 6.04 20 8,500 40,000

Elementary school Student 600 1.29 1.96 2,500 98
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– 1,500 total acre-feet water/year

– Construction phased equally over 5 years:  Start 2010, end 2014. Fully operational 2015 

Department store Square feet 50,000 54.15 2.75 750 100

Strip mall Square feet 100,000 42.94 4.59 11,000 90

Office park Square feet 15,000 11.00 0.55 11,000 85
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Happy Acres: Project Details

• Project details:
Construction occurs 01/01/2010 through 12/31/2014– Construction occurs 01/01/2010 through 12/31/2014

• Equal number of units built each year

• Each subsequent year has previously built land uses operational

2010 2011 2012 2013 2014 2015

Land use Units built
Units 
operate Units built

Units 
operate Units built

Units 
operate Units built

Units 
operate Units built

Units 
operate Units built

Units 
operate

High rise 
apartments 300 0 300 300 300 600 300 900 300 1,200 0 1,500
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Elementary 
school 0 0 0 0 0 0 0 0 0 0 0 0

Department 
store 10,000 0 10,000 10,000 10,000 20,000 10,000 30,000 10,000 40,000 0 50,000

Strip mall 20,000 0 20,000 20,000 20,000 40,000 20,000 60,000 20,000 80,000 0 100,000

Office park 3,000 0 3,000 3,000 3,000 6,000 3,000 9,000 3,000 12,000 0 15,000

Happy Acres: Project Details

• Project details:
Construction phasing occurs each year (2010 to 2014):– Construction phasing occurs each year (2010 to 2014):

• Mass grading:

– 01/04/201X through 02/12/201X

• Asphalt paving

– 02/15/201X through 02/26/201X

• Building construction

– 03/01/201X through 10/29/201X

• Architectural coating
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• Architectural coating

– 11/01/201X through 12/31/201X
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Happy Acres: Emission Sources

• What are the sources of emissions?
Direct emissions– Direct emissions

• Construction

– Construction equipment

– Employee commute

– Vender/delivery trips

• Operations

– On-road mobile source

– Area source
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Area source

– Indirect emissions
• Electricity

• Natural gas

• Water usage

Happy Acres: Calculation Tools

• What tools would be used to calculate emissions?
– URBEMIS2007

• Direct emissions

– Construction equipment

– Employee commute

– Vender/delivery trips

– On-road mobile source

– Area source

– The Climate Registry General Reporting Protocol
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• CH4 and N2O emissions calculations from fuel consumption

– California Climate Action Registry Reporting Online Tool
• CO2 emissions calculations from electricity consumption

– California Climate Action Registry General Reporting Protocol
• CH4, and N2O emission factors from electricity consumption
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Happy Acres: URBEMIS Construction Inputs

Based on user-defined construction phasing and 
schedulingscheduling…
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Happy Acres: URBEMIS Construction Inputs

…URBEMIS will calculate default  construction 
information that should be updated, if available
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Happy Acres: URBEMIS Detailed Construction 
Output Files (2011)

Construction input data

CO2 emissions
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Happy Acres: Calculation of CH4, N2O and 
CO2e Construction Emissions
Climate Registry data used to calculate CH4 and N2O

Calculated from 
URBEMIS

Total construction 
CO2e emissions
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Calculated from CR General Reporting Protocol data
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Happy Acres: URBEMIS Operational Inputs

Operational mitigation
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Operational mitigation 
measures.  Do not use for 
projects in SMAQMD.  
Instead, use SMAQMD 
off-line mitigation 
measures for NOX. 

Happy Acres: URBEMIS Detailed Operational 
Output Files

Area source emissions

CO i i
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CO2 emissions
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Happy Acres: URBEMIS Detailed Operational 
Output Files

Mobile source emissions

CO2 emissions
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Project VMT data

Happy Acres: URBEMIS Detailed Operational 
Output Files

Mobile source emissions
Vehicle fleet data

Trip characteristic 
data
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Happy Acres: URBEMIS Summary Output 
Files (Total Emissions)

Summarizes both construction and operational (mobile and area source) emissions
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Happy Acres: Calculation of CH4, N2O and 
CO2e Mobile-Source Emissions
Climate Registry data used to calculate CH4 and N2O from mobile sources

Calculated from 
URBEMIS

Total mobile source 
CO2e emissions
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This example assumes catalytic 
converters for passenger vehicles

Calculated from CR General Reporting 
Protocol data
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Happy Acres: Electricity Emissions (CO2)
CARROT Reporting tool for electricity generation

SMUD CO2 emission rate
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Happy Acres: Electricity Emissions (CH4 and 
N2O)

California Climate Action Registry General Reporting 
Protocol CH4 and N2O emission ratesProtocol CH4 and N2O emission rates
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Happy Acres: Electricity Emissions CH4 & N2O)
CARROT data used to calculate CH4 and N2O for electricity emissions
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Calculated from CARROT data

Calculated from CCAR General Reporting Protocol data

Total electricity 
CO2e emissions

Happy Acres: Natural Gas Emissions (CO2, 
CH4 and N2O)

The Climate Registry General Reporting Protocol CO2, 
CH4 and N2O emission ratesCH4, and N2O emission rates

jonesandstokes.com & icfi.com28SMAQMD www.airquality.org

CR General Reporting Protocol 
CO2 emission factor

CR General Reporting Protocol 
CH4 and N2O emission factors
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Happy Acres: Natural Gas CO2, CH4, N2O and 
CO2e emissions
Climate Registry data used to calculate CO2, CH4 and N2O from natural gas

jonesandstokes.com & icfi.com29SMAQMD www.airquality.orgCalculated from URBEMIS

Calculated from CR General Reporting 
Protocol data

Total natural gas CO2e 
emissions

Happy Acres: Water Supply Emissions (CO2, 
CH4 and N2O)

CEC generic energy usage data for water supply
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Happy Acres: Water Supply Emissions (CO2, 
CH4 and N2O)
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CCAR General Protocol CH4 and 
N2O electricity emission rates

SMUD electricity CO2
emission rate

Happy Acres: Water Supply Emissions
CARROT data used to calculate CH4 and N2O for electricity emissions

T t l t l
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Calculated from CCAR General Reporting Protocol data

Total water supply
CO2e emissions
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Happy Acres: Multiple Years
Previous examples for 2011, need to do for all years!

2010

2012 2013
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Happy Acres: Multiple Years
Previous examples for 2011, need to do for all years!

2014 2015

jonesandstokes.com & icfi.com34SMAQMD www.airquality.org
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Happy Acres: Summary of Emissions

Metric tonnes CO2e for year 2011

Total operational
CO2e emissions

Total construction
CO2e emissions
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Project 3: Acme Industries

Acme Industries – aggregate mining project in Sacramento 
CountyCounty

• Project details
– New aggregate mining project with a 75 year lifespan (2015 start)

– 15 haul truck trips/day, 30 miles round trip, average of 35 mph/trip

– Mining excavation rate of 250,000 cubic yards annually

– Aggregate plant capacity: 500 tons per hour 

– Asphalt batch mix (natural gas) capacity: 300 tons per hour (125,000 tons per year)
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– Concrete batch plant: 100 tons per hour

– Facility uses 100,000 kWh electricity/year



19

Acme Industries: Project Details

• Project details (continued)
– Mining activities equipment includes :Mining activities equipment includes : 

Equipment Horsepower Hours/day

Bulldozer 410 4

Excavator 760 8

Front-end loader 500 8

Front-end loader 500 8

Haul truck (off-highway) 525 8

Motorgrader 185 2

Service Truck NA 1
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Water truck NA 2

Acme Industries: Emission sources

• What are the sources of emissions?
Direct emissions– Direct emissions

• Construction from initial infrastructure development 

– Construction equipment

– Employee commute

– Vender/delivery trips

• Operations

– On-road mobile source from haul trucks/employees

– Process emissions
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Process emissions

– Indirect emissions
• Electricity

• Natural gas

• Water usage not evaluated in this example
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Acme Industries: Calculation Tools

• What tools would be used to calculate emissions?
URBEMIS2007– URBEMIS2007

• Direct emissions

– Construction activities

– Employee commute

– Vender/delivery trips

– Mining activities

– Area source

EMFAC2007
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– EMFAC2007
• Direct emissions on-road mobile source emissions

Acme Industries: Calculation Tools

• What tools would be used to calculate emissions 
(continued)?(continued)?

– The Climate Registry General Reporting Protocol
• CH4 and N2O emissions calculations from fuel consumption

– California Climate Action Registry Reporting Online Tool
• CO2 emissions calculations from electricity consumption

– California Climate Action Registry General Reporting Protocol
CH d N O i i f t f l t i it ti
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• CH4, and N2O emission factors from electricity consumption

– U.S. EPA AP-42
• Calculate emissions from asphalt batch plants
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Acme Industries: URBEMIS Construction 
Inputs

Input project-specific data

jonesandstokes.com & icfi.com41SMAQMD www.airquality.org

Acme Industries: URBEMIS Construction 
Output File

URBEMIS2007 output file

CO2 emissions
(pounds per day)
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Acme Industries: Calculation of CH4, N2O and 
CO2e Construction Emissions
Information from URMEMIS used to calculate fuel consumption 

and associated CH4 and N2O emissions4 2
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Total construction 
CO2e emissions

Calculated from Climate Registry 
General Reporting Protocol data

Calculated from URBEMIS

Acme Industries: Process Emissions

• Process sources include are predominantly associated 
with operation of the asphalt batch plantwith operation of the asphalt batch plant

• Emission factor sources
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Acme Industries: Process Emissions

• Emission factor sources
– U.S. EPA AP-42
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Acme Industries: Calculation of CH4, N2O and 
CO2e Process Emissions

Asphalt Batch Plant Activities
EPA AP 42 data used to emissionsEPA AP-42 data used to emissions
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AP-42 Emission Factors

Total mobile source 
CO2e emissions
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Acme Industries: Process Mining Activities

Input equipment data URBEMIS output file

CO2 emissions
(pounds per day)
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Acme Industries: Calculation of CH4, N2O and 
CO2e Process Emissions

Mining activities
Information from URMEMIS used to calculate fuel consumptionInformation from URMEMIS used to calculate fuel consumption 

and associated CH4 and N2O emissions
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Total mining activity 
CO2e emissions

Calculated from Climate Registry 
General Reporting Protocol data

Calculated from URBEMIS
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Acme Industries: On-Road Mobile Source 
Emissions

Can use URBEMIS or EMFAC2007 to estimate emissions

Average truck 
speed

Year analyzed
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CH4 emission factor (grams/mile)

CO2 emission factor (grams/mile)

Acme Industries: Calculation of CH4, N2O and 
CO2e Process Emissions

Haul truck activities
• EMFAC2007 emission factors and VMT data used to calculate• EMFAC2007 emission factors and VMT data used to calculate 

emissions
– URBEMIS2007 may also be used
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EMFAC2007 emission factors

Total haul truck 
CO2e emissions
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Acme Industries: Electricity Emissions (CO2)
CARROT Reporting tool for electricity generation

SMUD CO2 emission rate
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Acme Industries: Electricity Emissions (CH4
and N2O)

California Climate Action Registry General Reporting 
Protocol CH4 and N2O emission ratesProtocol CH4 and N2O emission rates
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Acme Industries: Electricity Emissions (CH4 and 
N2O)

CARROT data used to calculate CH4 and N2O for electricity emissions
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Calculated from CCAR General Reporting Protocol data

Calculated from CARROT data

Total electricity 
CO2e emissions

Acme Industries: Summary of Emissions

Metric tonnes CO2e/year

Total construction
CO2e emissions
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Total operational
CO2e emissions
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Project 4: Baker Street

Baker Street – Road widening project in Sacramento

P j t d t il• Project details
– Seven-mile stretch of roadway widened from 4- to 6- lanes

– Construction to start in Spring 2012 and last 18 months

– Project area is 61 acres and 1,000 CY soil exported/day

– Open-to traffic year is 2015 and design year is 2035

– Assume Sacramento default traffic mix

jonesandstokes.com & icfi.com55SMAQMD www.airquality.org

Baker Street: Project Details

Traffic data: daily VMT by peak and non-peak hour periods
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Baker Street: Emission sources

• What are the sources of emissions?
Direct emissions– Direct emissions

• Construction emissions

– Construction equipment

– Employee commute

– Vender/delivery trips

• Operations

– On-road mobile source from haul trucks/employees

Indirect emissions
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– Indirect emissions
• No major sources

Baker Street: Calculation Tools

• What tools would be used to calculate emissions?
SMAQMD Road Construction Emissions Model– SMAQMD Road Construction Emissions Model

• Construction emissions

– CT-EMFAC or EMFAC2007
• Direct emissions on-road mobile source emissions

– The Climate Registry General Reporting Protocol
• CH4 and N2O emissions calculations from fuel consumption

jonesandstokes.com & icfi.com58SMAQMD www.airquality.org
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Baker Street: Construction Emissions

Use the SMAQMD’s Road Construction Emissions Model
– Will calculate default values for construction equipment andWill calculate default values for construction equipment and 

schedule if project-specific data is unavailable
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Baker Street: Construction Emissions

Road Construction Emissions Model output screen
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Baker Street: Calculation of CH4, N2O and 
CO2e Construction Emissions
Information from RCEM used to calculate fuel consumption and 

associated emissions

Calculated from Climate 
Registry General Reporting
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Total construction activity 
CO2e emissions

Registry General Reporting 
Protocol data

Calculated from Road Construction Emissions Model

Baker Street: Operational 
Emissions
Input project-specific data into CT-EMFAC

jonesandstokes.com & icfi.com62SMAQMD www.airquality.org
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Baker Street: Operational Emissions

CT-EMFAC output file
Vehicle activity and speed bin data summaryVehicle activity and speed bin data summary

EMFAC2007 emission 
factor data from CT-
EMFAC database
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CT-EMFAC will also calculate 
overall CO2 emissions in grams, 
kilograms, and U.S. tons

Baker Street: Calculation of CH4, N2O and 
CO2e mobile-source emissions

Climate Register data used to calculate CH4 and N2O for mobile sources 
Calculated from CR 
General Reporting 
Protocol data

Total construction 
activity CO2e 
emissions
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This example assumes catalytic converters for 
passenger vehicles

Calculated from CT-EMFAC
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Baker Street: Summary of Emissions
Climate Register data used to calculate CH4 and N2O for mobile sources 

Total operational 
CO2e emissions

Total construction 
CO2e emissions
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Project 5: General Plan

• What are the sources of emissions?
Construction activities– Construction activities

– Direct emissions
• On-road mobile source

• Area source

• Processes emissions

– Indirect emissions
• Electricity
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• Electricity

• Natural gas

• Water usage

• Waste emissions
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General Plan: Items to Consider

• When evaluating General Plans, you need to evaluate:
Effects of General Plan to– Effects of General Plan to

• Population growth 

• Employment growth

• Changes in and land use patterns and effects to traffic/air quality

• Transportation

– Adaption to climate change, as well as contribution to climate change

– Quantify existing/baseline emissions
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y g

– Compare projected emissions associated with buildout of the proposed 
general plan to both existing conditions and business as usual (typically 
old general plan)

– Will the General Plan impede implementation of AB-32?

– Incorporate and identify GP policies that would reduce GHG emissions

General Plan: Calculation Tools

• What tools would be used to calculate emissions?
URBEMIS2007– URBEMIS2007

• Construction emissions

• Operational emissions

– Be careful of using default values on large, complex land use projects!

– SMAQMD Road Construction Emissions Model
• Construction emissions

– EMFAC2007
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EMFAC2007
• Direct emissions on-road mobile source emissions

– More appropriate for larger projects

– The Climate Registry General Reporting Protocol
• CH4 and N2O emissions calculations from fuel consumption
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General Plan: Calculation Tools

• What tools would be used to calculate emissions?
California Climate Action Registry General Reporting Protocol– California Climate Action Registry General Reporting Protocol, 
Version 3.1

• Local government inventory protocol for California The Climate Registry 

– The Climate Registry General Reporting Protocol, Version 1.1
• Local government inventory protocol

– ARB/ICLEI/CCAR/Climate Registry Local Government 
Operations Protocol

• Local government inventory protocol for government operations
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g y p g p

– U.S. EPA Methodology from Inventory of U.S. Greenhouse Gas 
Emissions and Sinks: 1990-2007

• Methodology for U.S. GHG inventory

General Plan: Components of GP Elements

Land Use Element
• Foster land use intensity near and connectivity to retail andFoster land use intensity near and connectivity to retail and 

employment centers and services to reduce vehicle miles travelled 
• Increase efficiency of delivery of services through adoption and 

implementation of smart growth principles and policies
• Improving the local jobs/housing balance to reduce vehicle miles 

travelled
• Linking residential and commercial development to transit facilities

P ti li t d t d ti
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• Promoting recycling to reduce waste and energy consumption
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General Plan: Components of GP Elements

Conservation Element
• Conservation of natural lands for carbon sequestrationConservation of natural lands for carbon sequestration
• Water conservation to promote energy efficiency
• Promote recycling and waste recovery
• Promote urban forestry and reforestation
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General Plan: Components of GP Elements

Circulation Element
• Identify and prioritize infrastructure improvements needed to supportIdentify and prioritize infrastructure improvements needed to support 

increased use of alternatives to private vehicle travel, including 
transit, bicycle, and pedestrian modes

• Incorporate of “Complete Streets” policies that foster equal access by 
all users, including pedestrians and bicyclists

• Promote linkages between development locations and transportation 
facilities

• Identify opportunities in cooperation with transit providers to provide
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• Identify opportunities, in cooperation with transit providers, to provide 
financing for transit operations and maintenance
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General Plan: Components of GP Elements

Open Space Element
• Identify existing and potential future urban growth boundaries to limitIdentify existing and potential future urban growth boundaries to limit 

sprawling development patterns and foster a more compact urban 
form

• Promote trail systems to facilitate bicycle and pedestrian trips as 
alternatives to vehicle travel
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General Plan: Components of GP Elements

Housing Element
• Identify sites for higher density housing closer to employmentIdentify sites for higher density housing closer to employment 

centers, retail and services, and transit facilities
• Identify sites for affordable housing for workers close to employment 

centers
• Establish/ support programs to assist in the energy efficient 

retrofitting of older affordable housing units
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