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1 

INTRODUCTION 

The EIIP guidelines are designed to describe emission estimation techniques for greenhouse gas 
sources in a clear and unambiguous manner and to facilitate preparation of inventories at the 
state level. This chapter presents the methodology for estimating methane and nitrous oxide 
emissions from stationary combustion. The methodology presented in this chapter has been 
revised to reflect new activity data, emission factors, and methods pertaining to this source 
category. Where possible, the methodology has been updated to be consistent with the Inventory 
of U.S. Greenhouse Gas Emissions and Sinks: 1990-2002. 

Section 2 of this chapter contains a general description of this source category. Section 3 
provides a listing of the steps involved in estimating methane and nitrous oxide emissions from 
stationary combustion. Section 4 presents the preferred estimation method. Section 5 presents the 
IPCC Tier 2 estimation method as an alternative and more in-depth approach for estimating 
emissions. A summary of uncertainty for this source category is provided in Section 6. 
References used in developing this chapter are identified in Section 7. 

In addition to these guidelines, there are a series of user friendly spreadsheet tools available to 
assist in the development of emission inventories at the state level. Please consult the Stationary 
Combustion Module of the State Inventory Tool1 to calculate emissions from this source 
category using the preferred emission estimation method. 

 

                                                 

1 Note: The spreadsheet tool may have a different order of calculations, and may not show all calculations 
to the user. 
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2 

SOURCE CATEGORY DESCRIPTION 

2.1 EMISSION SOURCES 

In addition to carbon dioxide, combustion of fuels at stationary sources results in emissions of 
five greenhouse gases: methane (CH4), nitrous oxide (N2O), carbon monoxide, nitrogen oxides, 
and non-methane volatile organic compounds.2 For the first two of these greenhouse gases (CH4 
and N2O), global warming potential values have been developed, which allow for normalization 
of all emissions to a common unit of metric tons of carbon equivalent. No Global Warming 
Potential values have yet been developed for the other three types of gases (carbon monoxide, 
nitrogen oxides, and non-methane volatile organic compounds); thus, they cannot be included in 
a greenhouse gas inventory. Consequently, this chapter only describes how to estimate emissions 
of CH4 and N2O from fuel combustion at stationary sources.  

Other than CH4 and N2O, gases emitted from these activities are not considered major 
contributors to climate change. Data on gases such as carbon monoxide, nitrogen oxides, and 
non-methane volatile organic compounds are already collected by state environmental or air 
quality agencies to determine state compliance with Clean Air Act regulations. 

2.2 FACTORS INFLUENCING EMISSIONS 

In general, emissions of CH4 and N2O will vary with the type of fuel combusted, the size and 
vintage of the combustion technology, the maintenance and operation of this technology, and the 
type of pollution control technology used. 

N2O is produced from the combustion of fuels, and the mechanisms of its formation are fairly 
well understood. The level of N2O emissions depends on the combustion temperature, with the 
highest N2O emissions at a temperature of 1,000 degrees Kelvin. For combustion temperatures 
below 800 or above 1200 degrees Kelvin (980 to 1700 degrees Fahrenheit), the N2O emissions 
are negligible (IPCC/UNEP/OECD/IEA 1997). 

CH4, carbon monoxide, and non-methane volatile organic compounds are unburned gaseous 
combustibles that are emitted in small quantities due to incomplete combustion; more of these 
gases are released when combustion temperatures are relatively low. Emissions of these gases 
are also influenced by technology type, size, vintage, maintenance, operation, and emission 
controls. Larger, higher efficiency combustion facilities tend to have higher temperatures and 
thus lower emission factors for these gases. Emissions may range several orders of magnitude 
above the average for facilities that are improperly maintained or poorly operated, such as may 

                                                 

2 Carbon dioxide emissions from fossil fuel combustion are covered in Chapter 1 of this volume. 
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be the case for many older units. Similarly, during start-up periods, combustion efficiency is 
lowest, and emissions of carbon monoxide and non-methane volatile organic compounds are 
higher than during periods of full operation. 
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3 

OVERVIEW OF AVAILABLE METHODS 

The recommended method to estimate methane and nitrous oxide emissions from fuel 
combustion in stationary sources is the Tier 1 approach developed by the Intergovernmental 
Panel on Climate Change (IPCC/UNEP/OECD/IEA 1997). This approach, presented in Section 
4, is consistent with the approach used in the Inventory of U.S. Greenhouse Gas Emissions and 
Sinks: 1900-2002 (U.S. EPA 2004). 

The methodology involves the following steps: (1) obtain the required data on fuel consumption 
in each sector; (2) make data adjustments; (3) estimate emissions using the IPCC Tier 1 
approach; (4) sum across all fuel types and sectors to derive total emissions; and (5) convert units 
to metric tons of carbon equivalent. The Stationary Combustion Module of the State Inventory 
Tool can be used in conjunction with the methods described in Section 4. 

An alternative approach, presented in Section 5, is recommended if more detailed data are 
available. This approach, which will allow for a more accurate estimate of emissions, requires 
information on the proportions of each fuel combusted using various combustion technologies 
for each industry sector. 
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4 

PREFERRED METHOD FOR ESTIMATING 
EMISSIONS 

Estimation of emissions from stationary sources using the Intergovernmental Panel on Climate 
Change (IPCC) Tier 1 approach can be described using the following basic formula, which 
indicates that total emissions for a particular state equal the sum of emissions for both methane 
(CH4) and nitrous oxide (N2O) across sectors and fuel types. 

Emissions = Σ (Activityab x EFab) 

where: Activity = Energy input (BBtu); 
EF = Emission factor (mt/BBtu); 
a = Primary fuel type; and 
b = Sector. 

As seen in this equation, emission estimation is based on two sets of data, each of which vary by 
primary fuel type (coal, oil, or gas), and sector: (1) energy activities and (2) emission factors. 

The methodologies for estimating emissions of these two gases are identical; therefore the 
general methodology is provided below and followed by an example for N2O. The methodology 
consists of five steps: (1) obtain required data; (2) make data adjustments; (3) estimate emissions 
using the IPCC Tier 1 approach; (4) sum across all fuel types and sectors to derive total 
emissions; and (5) convert units to metric tons of carbon equivalent (MTCE). 

Step (1): Obtain Required Data 

• Required Data: The required data are the amount of coal, petroleum, natural gas, and wood 
combusted in the residential, commercial, industrial, and electric utility sectors. 

• Data Sources: In-state agencies should be consulted first. However, if it is difficult to obtain 
data from these sources, state-level data derived from EIA’s State Energy Data (SED) 2000 
(EIA 2003b) can be used, which is provided in the Stationary Combustion Module of the 
State Inventory Tool (hereafter referred to as the State Inventory Tool). Stationary sources 
are often categorized into four sectors: residential, commercial, industrial, and electric 
utilities.3 As the emission factors provided in this chapter require activity levels reported in 

                                                 

3 Transportation is another sector frequently encountered in energy consumption statistics, but is not a 
stationary source. Transportation sector emissions are addressed in Chapter 1 (CO2) and Chapter 3 (CH4 
and N2O). 



Chapter 2 – Stationary Combustion  March 2005 

EIIP Volume VIII 2.4-2 

billion British thermal units (BBtu), refer to Box 1 in Chapter 1 to convert from other 
magnitudes of Btu (e.g., Btu, MMBtu). If data are presented in units of barrels, tons, or 
billion cubic feet, convert to Btu using the heat contents in Table 2.4-1 and Table 2.4-2. 

Step (2): Make Data Adjustments 

• Adjust for non-energy uses of fuels. Many fossil fuels are used for non-energy purposes to 
some degree. For example, LPG is used for production of solvents and synthetic rubber; oil is 
used to produce asphalt, naphthas, and lubricants; and coal is used to produce coke, yielding 
crude light oil and crude tar as by-products, which are used in the chemical industry. Since 
these fuels are not combusted when used for purposes such as these, their consumption 
should be subtracted from statistics that include total fuel use. 

For each fuel type that has non-energy uses (as listed in Table 1.4-6 in Chapter 1), subtract 
the quantity of fuel consumed in non-energy uses, based on (1) the total amount consumed 
and (2) the fraction consumed for non-energy uses. See Chapter 1 for an example on how to 
carry out this adjustment calculation. For data on the fraction of each fuel type consumed for 
non-energy uses, in-state sources, such as state energy commissions or public utility 
commissions, should be consulted first. In the absence of state-specific data,  estimates of the 
national-level fraction of each fuel type used for non-energy uses can be determined using 
the Annual Energy Review 2002 (EIA 2003a) and SED 2000 (EIA 2003d), and the national 
fractions may be used as a proxy for the state fractions although this method will be less 
accurate. In the absence of state-specific data,  estimates of the national-level fraction of each 
fuel type used for non-energy uses can be determined using the Annual Energy Review 2002 
(EIA 2003a) and SED 2000 (EIA 2003d), and the national fractions may be used as a proxy 
for the state fractions although this method will be less accurate.   

• Synthetic natural gas production: EIA’s coal data also include industrial coal used to make 
synthetic natural gas, which is also accounted for under natural gas consumption data. 
Therefore, the energy content of synthetic natural gas should be subtracted from the energy 
content of industrial coal to prevent double counting of emissions. State-specific natural gas 
data can be obtained from EIA’s Natural Gas Annual (EIA 2004) and is also provided in the 
State Inventory Tool. 

Step (3): Estimate Emissions Using the IPCC Tier 1 Approach 

• To estimate emissions using this approach, multiply fuel use in BBtu by the appropriate 
emission factor in Table 2.4-3. The State Inventory Tool follows this approach and provides 
default fuel consumption data from the SED 2000.4 

Step (4): Sum Across All Fuel Types and Sectors to Derive Total Emissions 

                                                 

4 If your state has data on the amount of coal, oil, natural gas, and wood combusted by technology type, 
you may follow the more complex Tier 2 approach described in Section 5. 
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• Sum the estimates of CH4 and N2O emission across all fuels and sectors to derive total 
emissions (in metric tons) of each gas.  

Step (5): Convert Units to Metric Tons of Carbon Equivalent 

• To obtain emissions in metric tons of CO2 equivalent (MTCO2E), multiply the emissions in 
metric tons for each of the gases by the Global Warming Potential (GWP) for each gas. The 
GWPs of CH4 and N2O are 21 and 310, respectively. 

• Convert the data from MTCO2E of gas to MTCE by multiplying by 12/44, which is the ratio 
of the atomic weight of C to the molecular weight of CO2. 

Example: In Colorado, fuels used for combustion in the residential sector in 2000 were 191 BBtu 
of coal, 10,798 BBtu of oil, 117,139 BBtu of natural gas, and 8,476 BBtu of wood. 
N2O emissions can be estimated using the Tier 1 method as follows: 

Coal 

191 BBtu x 0.00140 metric tons N2O/BBtu = 0.2674 metric tons N2O  
0.2674 metric tons N2O x 310 (GWP for N2O) = 83 MTCO2E 
83 MTCO2E x 12 C/44 CO2  = 23 MTCE 

Oil 

10,798 BBtu x 0.00060 metric tons N2O/BBtu = 6.4788 metric tons N2O  
6.4788 metric tons N2O x 310 (GWP for N2O) = 2,008 MTCO2E 
2,008 MTCO2E x 12 C/44 CO2  = 548 MTCE 

Natural Gas 

117,139 BBtu x 0.00009 metric tons N2O/BBtu = 10.5425 metric tons N2O  
10.5425 metric tons N2O x 310 (GWP for N2O) = 3,268 MTCO2E 
3,268 MTCO2E x 12 C/44 CO2  = 891 MTCE 

Wood 

8,476 BBtu x 0.00380 metric tons N2O/BBtu = 32.2088 metric tons N2O  
32.2088 metric tons N2O x 310 (GWP for N2O) = 9,985 MTCO2E 
9,985 MTCO2E x 12 C/44 CO2  = 2,723 MTCE 
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Table 2.4-1: Heat Contents 

Fuel Type Heat Equivalents 
Coal (MMBtu/short ton)  

Residential Coal [a] 
Commercial Coal [a] 
Industrial Coking Coal [a] 
Industrial Other Coal [a] 
Utility Coal [a] 

Natural Gas (Btu/cubic foot) [b] 
Petroleum (MMBtu/barrel)  

Asphalt and Road Oil 6.636 
Aviation Gasoline 5.048 
Distillate Fuel Oil 5.825 
Jet Fuel: Kerosene Type 5.670 
Jet Fuel: Naphtha Type 5.355 
Kerosene 5.670 
Liquefied Petroleum Gases (LPG) [a] 
Lubricants 6.065 
Miscellaneous Petroleum Products  5.796 
Crude Oil 5.800 
Naphtha (<401 deg. F) 5.248 
Special Naphthas 5.248 
Other Oil (>401 deg. F) 5.825 
Unfinished Oils 5.825 
Pentanes Plus 4.620 
Petroleum Coke 6.024 
Residual Fuel Oil 6.287 
Still Gas 6.000 
Waxes 5.537 

a. Annually variable heat contents. Values presented in Table 2.4-2. 

b. Varies annually by state. National averages provided in Table 2.4-2. 

Source: EIA 2003a. 
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Table 2.4-2: Annually Variable Heat Contents 

Fuel 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

Coal 
(MMBtu/ton) 

     

Residential Coal 23.137 23.114 23.105 22.994 23.112 23.118 23.011 22.494 21.620 23.880 25.020 24.905 24.836
Commercial Coal 23.137 23.114 23.105 22.994 23.112 23.118 23.011 22.494 21.620 23.880 25.020 24.905 24.836
Industrial Coking 
Coal 

26.799 26.799 26.799 26.800 26.800 26.800 26.800 26.800 27.426 27.426 27.426 27.426 27.426

Industrial Other 
Coal 

22.457 22.460 22.250 22.123 22.068 21.950 22.105 22.172 23.164 22.489 22.433 23.209 23.361

Utility Coal a 20.779 20.730 20.709 20.677 20.589 20.543 20.547 20.518 20.516 20.490 20.511 20.279 20.479
Petroleum 
(MMBtu/barrel) 

     

Motor Gasoline 5.253 5.253 5.253 5.253 5.230 5.215 5.216 5.213 5.212 5.211 5.210 5.210 5.208
LPG 3.625 3.614 3.624 3.606 3.635 3.623 3.613 3.616 3.614 3.616 3.607 3.614 3.612
Natural Gas b 

(Btu/cubic foot) 
1,029 1,030 1,030 1,027 1,028 1,026 1,026 1,026 1,031 1,027 1,025 1,028 1,027

a Heat content for utility coal represents the average heat content for coal used for electric utilities and independent power producers 
based on the new EIA classification of electric power data. 
b Heat contents varying by state are presented in the State Inventory Tool. Note this is dry natural gas. 
Source: EIA 2003a. 

 
 

Table 2.4-3: CH4 and N2O Emission Factors 
by Fuel Type and Sector (metric tons/BBtu) 

Fuel/End-Use Sector N2O CH4 
Coal   

Residential 0.00140 0.30069 
Commercial 0.00140 0.01002 
Industrial 0.00140 0.01002 
Electric Utilities 0.00140 0.00100 

Petroleum   
Residential 0.00060 0.01002 
Commercial 0.00060 0.01002 
Industrial 0.00060 0.00200 
Electric Utilities 0.00060 0.00301 

Natural Gas   
Residential 0.00009 0.00475 
Commercial 0.00009 0.00475 
Industrial 0.00009 0.00475 
Electric Utilities 0.00009 0.00095 

Wood   
Residential 0.00380 0.28487 
Commercial 0.00380 0.28487 
Industrial 0.00380 0.02849 
Electric Utilities 0.00380 0.02849 

Source: Derived from IPCC/UNEP/OECD/IEA 1997. 
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ALTERNATIVE METHODS FOR ESTIMATING 
EMISSIONS 

Estimation of methane (CH4) and nitrous oxide (N2O) emissions from stationary sources using 
the more detailed IPCC Tier 2 approach can be described using the following basic formula, 
which indicates that total emissions for a particular state equal the sum of emissions across 
activities, technologies, and fuel types: 

Emissions = Σ (EFabc × Activityabc × (100-Rabc)/100) 

Where: EF = Emission factor (kg/terajoule5); 
Activity = Energy input (terajoules); 
Rabc = Percentage reduction in emissions due to controls; 
a = Fuel type; 
b = Sector activity; and 
c = Technology type. 

As seen in this equation, emission estimation is based on three sets of data, each of which vary 
by fuel type, sector, and technology: (1) energy activities, (2) emission factors, and (3) control 
technologies. 

This section presents the steps involved in using this methodology. 

• Apportion the state’s energy consumption by stationary sources into the sector categories and 
technology subcategories shown in Tables 2.5-1 through 2.5-5, and further apportion these 
values by the types of pollution control used, as shown in Tables 2.5-6 through 2.5-9. Note 
that the latter apportionment may require making assumptions about the distribution of 
pollution control technologies for each combustion technology. In making the latter 
apportionment, a simplified approach involves grouping together all pollution control 
technologies for which data on CH4 and N2O reductions are not provided in Tables 2.5-6 
through 2.5-9.6  

• If using an alternative data source for emission factors, apportion energy consumption into 
the categories specified in the alternative data source.  

                                                 

5 A terajoule (TJ) equals 1012 joules (J). 
6 Note that the emission control performance is negligible for most technologies for both N2O and CH4. 
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• If the data are reported in higher heating values (as are data reported by the EIA), convert the 
values from higher heating values (gross calorific values, GCV) to lower heating values (net 
calorific values, NCV). The difference between the higher and lower heating value of a fuel 
is the heat of condensation of moisture in the fuel during combustion. The lower heating 
value excludes this. Since most of the world uses net calorific values, the IPCC emission 
factors, used later in this chapter, are based on net calorific values. For petroleum products 
and coal, the net calorific values are about five percent lower than gross calorific values. 
Thus, for petroleum products and coal, multiply the higher heating values (gross calorific 
values) by 0.95 to obtain lower heating values (net calorific values). For natural gas and 
wood (or other biomass), which contain more moisture, multiply the higher heating values 
(gross calorific values) by 0.90 to obtain lower heating values (net calorific values). 

• Convert the fuel consumption values to TJ, using 947.8 MMBtu/TJ or 1,055.055 J/Btu. 

Example: A hypothetical state’s electric utility sector used 10 trillion Btu of coal (lower 
heating value) in dry bottom, wall-fired boilers, with half of that used in boilers 
using low NOx burners for emission controls. To convert the units to TJ, perform the 
following calculations: 

10 TBtu x (1012 Btu/1 TBtu) x (1 MMBtu/106 Btu) = 10 x 106 MMBtu 

10 x 106 MMBtu x (1 TJ/947.8 MMBtu) =10,551 TJ  

½ of 10,551 TJ = 5,276 TJ used in each type of boiler (with and without low NOx 
burners) 

• To estimate N2O and CH4 emissions, multiply the energy consumption by each subcategory 
of stationary sources (in TJ) by (1) the respective emission factors for N2O and CH4 in 
kg/TJ), and (2) a value of ((100 - the emissions control performance for each gas)/100). 
Emission factors are provided in 2.5-1 through 2.5-5 and emission control performance 
values are provided in Tables 2.5-6 through 2.5-9. 

• Sum the emissions of N2O and CH4, separately, across all subcategories to obtain total N2O 
and CH4 emissions (in kg). 

Example: A hypothetical state uses 5,276 TJ of coal in dry bottom, wall-fired utility boilers 
without emission controls, and the same amount in the same type of boilers with low 
NOx burners. To estimate CH4 emissions from utility coal combustion, perform the 
following calculations: 

For boilers without emission control, simply multiply energy consumption by the 
emission factor for CH4 (use the factor for dry bottom, wall-fired boilers): 

(5,276 TJ) x (0.7 kg CH4/TJ) = 3,693 kg CH4 

For boilers with emissions control, adjust for emissions control performance (note 
that in Table 2.5-8, all CH4 emissions reductions associated with performance 
controls are negligible): 

(5,276 TJ) x (0.7 kg CH4/TJ) x ((100 - 0)/100) = 3,693 kg CH4  

Total 

(3,693 + 3,693) kg CH4  = 7,386 kg CH4 
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• Convert the data from kg of gas to metric tons of gas by dividing the number of kg of gas by 
1,000. 

• To obtain emissions in metric tons of CO2 equivalent (MTCO2E), multiply the emissions in 
metric tons for each of the gases by the GWP for each gas. The GWPs of CH4 and N2O are 
21 and 310, respectively. 

• Convert the data from MTCO2E of gas to metric tons of carbon equivalent (MTCE) by 
multiplying by 12/44, which is the ratio of the atomic weight of C to the molecular weight of 
CO2. 

Example: To convert emissions data from kg of CH4 to MTCE, perform the following 
calculations: 

7,386 kg CH4 x (1 metric ton/1,000 kg) = 7.386 metric tons CH4 

7.386 metric tons CH4 x 21 (GWP for CH4) = 155.1 MTCO2E 

155.1 MTCO2E x 12 C/44 CO2 = 42.3 MTCE 
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Note: large dual-fuel engines are large engines that can run on either natural gas or oil. “Large” is typically defined 
for regulatory purposes as having a capacity to combust more than 250 MMBtu/hr of fuel; an alternative, equivalent 
definition is having a capacity to generate about 25 megawatts of power.                                                                   
NAV = Not available. 

 
Table 2.5-1: Utility Boiler Source Performance 
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Table 2.5-2: Industrial Boiler Performance 

Note: NAV = Not available. 
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Table 2.5-3: Kilns, Ovens, and Dryers Source Performance 

Note: NAV = Not available. 
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Table 2.5-4: Residential Source Performance 

Note: NAV = Not available. 
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Table 2.5-5: Commercial Source Performance 

Note: NAV = Not available. 
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Table 2.5-6: Utility Emission Controls Performance 

Note: NAV = Not available. 



Chapter 2 – Stationary Combustion March 2005 

EIIP Volume VIII 2.5-10 

Table 2.5-7: Industrial Boiler Emission Controls Performance 

Note: NAV = Not available. 
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Table 2.5-8: Kiln, Ovens, and Dryers Emission Controls Performance 

Note: NAV = Not available. 
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Table 2.5-9: Residential and Commercial Emission Controls Performance 

Note: NAV = Not available. 
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UNCERTAINTY SUMMARY 

The amount of methane (CH4) and nitrous oxide (N2O) emitted from stationary combustion 
depends on the amount and type of fuel (coal, petroleum, natural gas, and wood) used, the type 
of technology in which it is combusted (e.g., boilers, water heaters, furnaces), and the type of 
emission control. In general, the more detailed information available on the combustion activity, 
the lower the uncertainty. However, as noted in the Revised 1996 IPCC Guidelines 
(IPCC/UNEP/OECD/IEA 1997), the contribution of CH4 and N2O to overall emissions is small 
and the estimates are highly uncertain. Uncertainties exist in both the emission factors and 
activity data used to derive emission estimates. 

As noted in Section 2.2, the combustion temperature at which the technology operates impacts 
the level of CH4 and N2O emissions. For instance, N2O emissions are negligible when 
temperatures reach below 800 or above 1200 degrees Kelvin, while CH4 emissions are highest 
when combustion temperatures are low, usually in smaller combustion sources 
(IPCC/UNEP/OECD/IEA 1997). Because of the combined difficulty in obtaining specific 
combustion technology information and the relatively low contribution of this source to a state’s 
total emissions, IPCC states that the Tier 1 approach (the methodology presented in this chapter) 
is sufficient. However, the emission factors used are aggregated by sector, representing only a 
limited subset of combustion conditions. Therefore, the results of the IPCC Tier 1 approach are 
far more uncertain than those estimated using the more detailed IPCC Tier 2 approach. The Tier 
2 emission factors account for specific pollution control technologies used with each combustion 
technology, but still have uncertainty because these factors represent the average performance of 
technologies.   

Uncertainties may also exist in the activity data used to derive emission estimates. For example, 
in the EIA SEDR data sets wood used in fireplaces, wood stoves, and campfires is not fully 
captured.  Uncertainties are also associated with the allocation of fuel consumption data to 
individual end-use sectors and estimation of the fraction of fuels used for non-energy.
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