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9.3.1 Landfills with No LFG Collection System 
If your landfill does not have a LFG collection system in place, the fugitive CH4 
emissions can be 
estimated using a first order kinetics model based on the amount of waste disposed 
annually, its 
composition, and the climate and operational conditions of the landfill. The IPCC has 
developed a First Order Decay (FOD) model for national governments to quantify waste 
emissions as part of its 2006 guidelines. This model is based on the assumption that the 
amount of carbon that will decay is directly proportional to the current amount of 
material available in the landfill to 
undergo decay. The excel-based tool provided with this Protocol is based on the IPCC 
FOD model. The California Air Resources Board developed this tool for local 
governments that facilitates entry for waste characterization numbers and local 
parameters from US EPA, state or local environmental agencies. You can download the 
excel-based FOD model from www.arb.ca.gov/cc/protocols/localgov/localgov.htm  
 

http://www.arb.ca.gov/cc/protocols/localgov/localgov.htm
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For those local governments that do not have facility-specific data to use in the model, 
default values are provided below for many variables. These default values are also 
available in the tool itself. 
 
To estimate the fugitive CH4 emissions from your landfill, follow the steps below: 
1. Determine the annual waste deposited in the landfill historically; 
2. Input data into the excel-based FOD model; and 
3. Calculate fugitive emissions in metric tons CH4 and CO2e. 
 
Step 1: Determine the annual waste in place deposited in the landfill historically. 
This should include all waste deposited for all years from the opening year of the landfill 
up to the year you wish to estimate emissions for. If the opening year is not known, then 
assume the opening year was 60 years prior to the calendar year for which the estimate is 
desired. 
If you do not have all the years of waste deposition data, use the guidance in Box 9.1 to 
estimate data for the missing years. Also, your state waste board may have records of the 
waste deposited in individual landfills going back in time. 
 
Box 9.1 How to Estimate Annual Waste in Place (WIP) 
 

 
 
Step 2: Input data into the excel-based FOD model. 
Use the excel-based FOD model provided with the Protocol to generate estimates of the 
amount of CH4 generated for the year in question, in units of metric tons of CH4 
generated per year. 
Below are the facility-specific data that you need to provide about your landfill in order 
to run the FOD model: 

• Annual waste in place from Step 1 above (tons) 
• Annual greenwaste, compost and biosolids used for daily cover, if applicable 

(tons) 
• Waste characterization (percentage per waste type, default values available in 
Table 9.3 and Table 9.4) 
• Landfill’s open year 
• Landfill’s close year (if applicable) 
• Fraction of CH4 in LFG from source testing (default value available) 
• Average annual rainfall at landfill (inches/year) to determine appropriate 
methane generation rate constant (k) value (See Table 9.5) 

 
The FOD model uses a series of equations to calculate the amount of CH4 generation 
based on the above inputs. The summary of primary IPCC FOD equations as applied by 
the ARB excel tool is presented in Table 9.2. 
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Table 9.2 Primary Equations from FOD Model 

 
 
Where 
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Omitted table 9.4  California Waste Characterization 
 
 Table 9.5 Default K Values 

 
 
Table 9.6  Total Organic Degradable Carbon per Waste Type (TDOC) 
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Table 9.7 Default Decomposable Anaerobic Fraction (DANF) of the TDOC per waste 
type 

 
Step 3: Calculate fugitive emissions in metric tons CH4 and CO2e. 
The FOD model will estimate the annual fugitive CH4 emissions from your landfill in 
metric tons, and will use a GWP of 21 to convert metric tons of CH4 into metric tons of 
CO2 equivalent. 
 
 
9.3.2 Landfills with Comprehensive LFG Collection Systems 
Fugitive CH4 emissions from a landfill with an active and comprehensive LFG collection 
system can be derived using the data on actual LFG collected and applying a standard 
collection efficiency. For the purposes of this Protocol, the LFG collection system is 
considered to be comprehensive if the landfill is required to have a LFG collection 
system under US EPA’s New Source Performance Standards (NSPS), or a system more 
stringent than NSPS as dictated by a local air district. 
 
Below are the facility-specific data that you will use with Equation 9.1 in order to 
estimate the fugitiveCH4 emitted by your landfill: 

• Annual landfill gas collected 
• Fraction of CH4 in LFG from source testing (default value available) 
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Where: 

 
 
 
Step 1: Determine the annual landfill gas collected for the landfill. 
This data should be in units of million standard cubic feet (a standard cubic foot is 
measured at 60 degrees F and standard atmospheric pressure). This is called LFG 
(MMSCF) in Equation 9.1. 
If this year happens to be the first year of operation of the system, use the estimation 
methodology in Section 9.3.1. 
 
Step 2: Determine the methane fraction from the annual landfill gas data you 
collected. 
If you perform source testing on the LFG according to the requirements of a local, state 
or national agency, you can use your site specific data for CH4% in Equation 9.1. 
If you do not perform site-specific source testing, use the default methane fraction of 
50%. 
 
Step 3: Apply a standard collection efficiency of 75%. 
The AP 42 emission factors for waste/landfills in the controlled emissions section states 
that landfill gas collection systems are not 100% efficient in collecting gas and therefore 
emissions of methane will still occur. Based on reported collection efficiencies between 
60% – 85%, a value of 75% collection efficiency is stated as most commonly used19, and 
is used in this Protocol as a conservative default collection efficiency. 
 
Step 4: Determine the methane destruction efficiency of the control device. 
You have the option to use either the default value of .99, or use site-specific methane 
destruction efficiencies that has been accepted for reporting purposes by a regulatory 
agency. 
 
Step 5: Account for cover soil oxidation. 
Assume a cover soil oxidation value (OX) of 10%. 
 
Step 6: Convert CH4 to CO2e. 



WA. Department of Ecology  3/30/09   

 8

Use a GWP of 21 to convert metric tons of methane into metric tons of CO2 equivalent. 
 
 
9.3.3 Landfills with Partial LFG Collection Systems 
Fugitive CH4 emissions for a landfill with a partial LFG collection system can be derived 
using the data on actual LFG collected together with a standard collection efficiency and 
a factor to account for emissions from the uncollected area of the landfill. For the 
purposes of this Protocol, a LFG collection system is considered to be comprehensive 
only if the landfill is required to have a LFG collection system under US EPA NSPS, or a 
system more stringent than NSPS as dictated by a local air district. Thus, if you landfill is 
not subject to NSPS, your LFG collection system is considered partial.  
 
Below are the facility-specific data that you will use with Equation 9.2 in order to 
estimate the fugitive CH4 emitted by your landfill: 

• Annual landfill gas collected 
• Fraction of CH4 in LFG from source testing (default value available) 
• Factor to account for emissions from the uncollected surface area of the landfill 

 
 
Where: 
 

 
Step 1: Determine the annual landfill gas collected for the landfill. 
This data should be in units of million standard cubic feet (a standard cubic foot is 
measured at 60 degrees F and standard atmospheric pressure). This is called LFG 
(MMSCF). 
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If this year happens to be the first year of operation of the system, use the estimation 
methodology in Section 9.3.1. 
 
Step 2: Determine the CH4 fraction from the annual landfill gas data you collected. 
If you perform source testing on the LFG according to the requirements of a local, state 
or national agency, you can use your site specific data for CH4% in Equation 9.2. 
If you do not perform site-specific source testing, use the default methane fraction of 
50%. 
 
Step 3: Determine the uncollected area factor for the landfill. 
Uncollected Area Factor = Uncollected surface area of the LFG collection system / 
Collected surface area under the influence of a LFG collection system. The collected 
surface area is calculated by determining the sum of each extraction well’s design radius 
of 
influence, excluding any overlap. Refer to your LFG system design engineer for 
information on 
determining the well design’s radius of influence. 
 
Step 4: Apply a standard collection efficiency of 75%. 
The AP 42 emission factors for waste/landfills in the controlled emissions section states 
that landfill gas collection systems are not 100% efficient in collecting gas and therefore 
emissions of methane will still occur. Based on reported collection efficiencies between 
60% – 85%, a value of 75% collection efficiency is stated as most commonly used,20 and 
is used in this Protocol as a conservative default collection efficiency. 
 
Step 5: Determine the methane destruction efficiency of the control device. 
You have the option to use either the default value of .99, or use site-specific CH4 
destruction efficiencies that has been accepted for reporting purposes by a regulatory 
agency. 
 
Step 6: Account for cover soil oxidation. 
Assume a cover soil oxidation value (OX) of 10%. 
 
Step 7: Convert CH4 to CO2e. 
Use a GWP of 21 to convert metric tons of CH4 into metric tons of CO2 equivalent. 
 


