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This section of the User Guide provides instruction on using the Mobile Combustion module of the State Inventory 
Tool (SIT), and describes the methodology used for estimating greenhouse gas emissions from mobile combustion 
at the state level.  
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  1.3 

1.1  MODULE OVERVIEW 
This User Guide accompanies and explains the Mobile Combustion module of the SIT.  

Because most state inventories developed today rely heavily on the SIT, User Guides have been 
developed for each of the SIT modules. These modules contain largely updated methodologies that are, 
for the most part, consistent with the Inventory of U.S. Greenhouse Gas Emissions and Sinks (EPA 
2025a) and related disaggregated data by state. Users can refer to the chapters and annexes of the U.S. 
Inventory and the Center for Global Sustainability (CGS) FAQ page to obtain additional information not 
found in the SIT or in the companion User’s Guides. Future updates will be consistent with the Center 
for Global Sustainability at University of Maryland’s Greenhouse Gas Inventory and Analysis for the 
United States (GHGIA) (Desai et al. 2026). 

In recent years, EPA also published an annual Inventory of U.S. Greenhouse Gas Emissions and Sinks by 
State (EPA 2024a) to make available consistent state-level GHG data for all states for use by states, 
researchers, and the general public. There will be differences between the latest EPA developed state-
level estimates and inventory estimates developed by states using the SIT or other tools. Inventories 
compiled by states may differ for several reasons, and differences do not necessarily mean that one set 
of estimates is more accurate, or "correct”. The CGS plans to continue EPA’s initiative to publish an 
updated annual crosswalk guide to facilitate understanding methodological differences between 
methods in the current GHGIA, its disaggregation by state and SIT source categories, methods, and data. 

The Mobile Combustion module calculates methane (CH4) and nitrous oxide (N2O) emissions from 
highway vehicles, aviation, boats and vessels, locomotives, other non-highway sources, and alternative 
fuel vehicles. This module also includes optional calculations of carbon dioxide (CO2) from these sources, 
which are also calculated in the CO2 from Fossil Fuel Combustion (CO2FFC) module. The Mobile 
Combustion module-based CO2 calculations are based on VMT data instead of fuel use and provide 
detail by transportation mode not available in the CO2FFC module. 

For highway vehicles, this module calculates non-CO2 
emissions based on vehicle miles traveled (VMT) for 
eight types of control technologies: three-way 
catalyst, early three-way catalyst, oxidation catalyst, 
non-catalyst, low-emission vehicle, advanced, 
moderate, and uncontrolled; and for seven classes of 
vehicles, using the Federal Highway Administration 
(FHWA) vehicle classifications. For other transportation types, emissions are based on fuel consumption 
in gallons or British thermal units (BTU). While the module provides default data for most inputs, if you 
have access to more comprehensive data sources, they should be used in place of the default data (see 
Box 1 for suggestions of possible data sources). If using outside data sources, or for a more thorough 
understanding of the tool, please refer to the following discussion of data requirements and 
methodology. 

Box 1: State Mobile Combustion Data 
Sources 

In-state sources, such as state highway agencies, should be 
consulted first. Otherwise, default data provided by the 
Mobile Combustion module may be used. 
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Although there is virtually no CH4 in either gasoline or diesel fuel, CH4 is emitted as a combustion 
product that is influenced by fuel composition, combustion conditions, and control technologies. 
Depending on the control technologies used, CH4 emissions may also result from hydrocarbons passing 
unburned or partially burned through the engine, and then be affected by any post-combustion control 
of hydrocarbon emissions, such as catalytic converters. For highway vehicles, the emissions of unburned 
hydrocarbons, including CH4, are generally lowest in uncontrolled engines when the air/fuel ratio is high 
or “lean,” which means that there is excess oxygen available relative to the quantity of hydrogen and 
carbon present. However, such conditions favor the formation of nitrogen oxides, which are a major air 
pollutant and key component in the formation of smog. In modern three-way closed loop catalyst 
highway vehicles, the lowest emissions are achieved when hydrogen, carbon, and oxygen are present in 
the ideal combination for complete combustion. Conditions favoring high CH4 emissions include 
aggressive driving, low speed operation, and cold start operation. Poorly tuned highway vehicle engines 
may have a particularly high output of CH4. 

Emissions are also strongly influenced by the engine type and the fuel combusted. N2O formation in 
internal combustion engines is not yet well understood, and data on these emissions are scarce. It is 
believed that N2O emissions come from two distinct processes. In the first process, during combustion in 
the cylinder, N2O is formed as nitrogen oxide interacts with combustion intermediates such as 
imidogen (NH) and cyanate (NCO). The N2O is then removed very rapidly in the post-flame gas by the 
reaction between N2O and hydrogen. While a significant amount of N2O may be formed in the flame, it 
can only survive if there is very rapid quenching of the flame, which is not common. Thus, only small 
amounts of N2O are produced as engine-out emissions.  

The second N2O-forming process occurs during catalytic after-treatment of exhaust gases. The output of 
N2O from the catalyst is highly temperature dependent. Prigent and De Soete (1989) showed that as the 
catalyst warms up after a cold start, N2O levels increase greatly (to 4.5 times the inlet value) at around 
360°C. The emissions then decrease to the inlet level as the catalyst reaches a temperature of 460°C. 
Above this temperature there is less N2O exiting the catalyst than entering it. These results demonstrate 
that N2O is formed primarily during cold starts of catalyst-equipped vehicles. This explains why N2O 
emissions data for the Federal Test Procedure (which includes a cold-start phase) are much higher than 
data for the U.S. Highway Fuel Economy Test (which does not include a cold start phase).  

Emissions of CH4 and N2O from non-highway mobile sources have received relatively little study. Non-
highway sources include jet aircraft, gasoline-fueled piston aircraft, agricultural and construction 
equipment, railway locomotives, boats, and ships. Except for aircraft (fueled by jet fuel or gasoline), all 
these sources are typically equipped with diesel engines.  

In 2013, additional updates were made to the mobile combustion module to improve disaggregation of 
CO2 estimates, and compliment the CO2 from Fossil Fuel Combustion module. An explanation of these 
updates can be found in Section 1.5, “Explanation of Mobile Combustion Module Updates.” 
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1.1.1 Data Requirements 

To calculate GHG emissions from mobile combustion, the data listed in Table 1 are required inputs 
(again, note that defaults are available for most of these data). 

Table 1. Required Data Inputs for the Mobile Combustion Module 
Module Worksheet Name Input Data Required 
4a Highway Vehicles - Emission 
Factors and VMT 

CH4 and N2O emission factors (g/km traveled) for each type of control technology 

State total VMT, 1990-present, for all vehicle types 

4b Highway Vehicles - Allocating 
VMT by Model Year 

Average annual vehicle mileage accumulation (miles) for each model year in use 

Age distribution of vehicles (%) in the current year 

4c Highway Vehicles - Allocating 
Control Technology by Model Year 

Percentage of vehicles with each control type, 1960-present 

5 Aviation Factors and Fuel 
Consumption 

Energy contents (kg/million BTU) for kerosene jet fuel, naphtha jet fuel, and aviation 
gasoline 

N2O and CH4 emission factors (g/kg fuel) for each type of fuel 

Aviation fuel consumptiona (million BTU), 1990-present 

6 Marine Factors and Fuel 
Consumption 

Density factors (kg/gal) for residual fuel, distillate fuel, and motor gasoline 

N2O and CH4 emission factors (g/kg fuel) for each type of fuel 

Marine fuel consumption b (gallons), 1990-present 

7 Locomotive Factors and Fuel 
Consumption 

Density factors (kg/gal or ton) for residual fuel, diesel fuel, and coal 

N2O and CH4 emission factors (g/kg fuel) for each type of fuel 

Locomotive fuel consumption (gal or tons), 1990-present 

8 Other Non-Highway Factors and 
Fuel Consumption 

Density factors (kg/gal) for diesel and gasoline 

N2O and CH4 emission factors (g/kg fuel) for diesel and gasoline tractors, construction 
equipment, snowmobiles, and other equipment 

Fuel consumption (gal), 1990-present, for the above types of equipment 

9 Alternative Fuel Vehicles Factors 
and VMT 

CH4 and N2O emission factors (g/km traveled) for each type of alternative fuel 
(methanol, ethanol, LPG, LNG, CNG) 

State total VMT, 1990-present, for alternative fuel vehicles 

a Default data provided for Kerosene and Naphtha Jet Fuel includes international bunker fuels. 

b Default residual and distillate fuel oil includes international bunker fuels. 

1.1.2 Tool Layout 

Because there are multiple sections to complete within the Mobile Combustion module, it is important 
to understand the module’s overall design. The layout of the module and the purpose of its worksheets 
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are presented in Figure 1. An overview of the calculation methodology in the Mobile Combustion 
module is presented in Figure 2.  

Figure 1. Flow of Information in the Mobile Combustion Module* 

 
* These worksheets are the primary worksheets used in the Mobile Combustion module; subsequent worksheets are used to 
populate the default data and are provided for informational purposes only. 

Control Worksheet Mode-Specific Worksheets
1. Select Modes of Transport 4a. Highway Vehicles - Emission Factors and VMT Worksheet

↓ Enter emission factors and VMT for highw ay vehicles
2. Choose a State 4b. Highway Vehicles - Allocating VMT by Model Year Worksheet

↓ Enter annual mileage accumulation and age distribution by model year
3. Select Optional CO2 Calculations 4c. Highway Vehicles - Allocating Control Technology by Model Year Worksheet

↓ Enter percent of vehicles w ith each type of pollution control by year
4. - 11.  Proceed to Calculation Worksheets 5. Aviation Worksheet

↓ Enter energy contents, emission factors, and aviation fuel consumption
6. Marine Worksheet
↓ Enter density factors, emission factors, and marine fuel consumption
7. Locomotive Worksheet
↓ Enter density factors, emission factors, and locomotive fuel consumption

12. View Summary Data 8. Other Non-Highway Worksheet
↓ Enter density factors, emission factors, and other non-highw ay fuel consumption

13. Export Data 9. Alternative Fuel Vehicles Worksheet
↓ Enter emission factors and VMT for alternative-fuel highw ay vehicles
10. Highway CO2 Worksheet
↓ Review  highw ay CO2 calculations
11. Non-Highway CO2 Worksheet
↓ Review  non-highw ay CO2 calculations

Summary Data
↕ Presented in both table and graphical formats in MMTCO2E

Uncertainty
↕ Review  information on uncertainty associated w ith the default data
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  1.7 

Figure 2. Methodology Overview of the Mobile Combustion Module 
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  1.8 

1.2 METHODOLOGY 
This section provides a guide to using the Mobile Combustion module of the SIT to estimate GHG 
emissions from the following types of vehicles (or transportation modes): highway vehicles, airplanes, 
boats, trains, non-highway equipment (e.g. tractors and snowmobiles), and alternative-fuel highway 
vehicles. The module estimates CH4, N2O, and CO2 emissions from mobile sources using activity data, 
information on the combustion technologies used, and information on the type of emission control 
technologies employed during and after combustion. Operating conditions during combustion also have 
an impact on emissions and are reflected in the emission factor. The basic approach for estimating 
emissions is presented in Equation 1, but variations on this equation will be discussed in subsequent 
sections, following this general methodology discussion. 

Equation 1. General Mobile Combustion Equation 

 

The Mobile Combustion module automatically calculates emissions once you have entered the required 
data on the control and transportation mode worksheets. The tool provides default data for all 
parameters.  

There are six general steps involved in estimating emissions using the Mobile Combustion module: (1) 
select relevant modes of transport; (2) select a state; (3) select an option to conduct optional CO2 
calculations; (4) complete highway vehicle worksheets; (5) complete aviation worksheet; (6) complete 
marine worksheet; (7) complete locomotives worksheet; (8) complete other non-highway worksheet; (9) 
complete alternative fuel vehicles worksheet; (10) review highway CO2 emissions worksheet; (11) review 
off-road CO2 emissions worksheet; and (12) review summary information.  

 

Step (1) Select Modes of Transportation 

For the emissions calculations to be successful, the user must choose the desired transportation modes. 
Once these selections are made, information on other modes will automatically drop out of the 
navigation scheme, saving time and streamlining the analysis. 

Emissions = Σ(EFabc x Activityabc) 

Where,  
EF = emissions factor (e.g., grams/kilometer traveled); 
Activity = activity level measured in the units appropriate to the emission factor (e.g., 

miles); 
a = fuel type (e.g., diesel or gasoline); 
b = vehicle type (e.g., passenger car, light duty truck, etc.); and 
c = emission control type (if any) 
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Step (2) Choose a State 

Next, select the state you are interested in evaluating. By selecting a state, the rest of the tool will 
automatically reset to reflect the appropriate state default data and assumptions for use in subsequent 
steps of the tool. Figure 3 shows the control worksheet with these two steps completed. 

Figure 3. Control Worksheet for the Mobile Combustion Module 

 

Step (3)  Decide of an Option to Conduct CO2 Calculations 

The CO2FFC module is responsible for the primary CO2 emission calculations from the transportation 
sector, but this module provides an option for users to select a mode-specific analysis if desired. The 
CO2FFC module calculates emissions using fuel consumption data, and this module calculates emissions 
using mode-specific activity data already used in this module.  

Selecting “Yes” will allow you to walk through the CO2 calculations worksheets later in the module. 
Selecting “No” will allow you to skip steps 10 and 11. 

Step (4) Complete the Sector Worksheets for Highway Vehicles 

The gray arrow on the control worksheet takes you to the first of the mode-specific worksheets. 

The calculation of CH4 and N2O emissions from highway vehicles follows a complicated methodology. 
The module breaks highway vehicles into the following categories: heavy-duty diesel vehicles (HDDV), 
heavy-duty diesel buses (HDDB), heavy-duty gasoline vehicles (HDGV), light-duty diesel trucks (LDDT), 

Choose a state 

Select transportation modes to be 
analyzed 
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light-duty diesel vehicles (LDDV), light-duty gasoline trucks (LDGT), light-duty gasoline vehicles (LDGV), 
and motorcycles (MC). Emissions depend heavily on the type of emissions control technology used in 
the vehicle; the type of control technology used generally correlates with year of vehicle manufacture. 

Due to the number of factors involved, the steps for estimating CH4 and N2O emissions from highway 
vehicles are spread out over three worksheets. The steps necessary to complete these worksheets are 
as follows: (1) enter emission factors for each control technology and vehicle class; (2) enter the vehicle 
miles traveled for each vehicle type, by year; (3) distribute vehicle miles traveled by vehicle age and 
enter age distribution for vehicles on the road, by year; and (4) enter percentage of vehicles with each 
control technology, by vehicle type. To complete these worksheets, follow the steps as explained below. 
Keep in mind that the tool provides default data for these parameters. 

Step (4a) Highway Vehicles – Emission Factors and VMT Worksheet 

1. Enter emission factors for each control technology and vehicle class, for both CH4 and N2O on 
the Highway 4a worksheet. 

a. Default emission factors for each gas, control technology, and vehicle class are used to 
populate the tables and are from U.S. EPA (2025), as shown in Figure 4.  

b. To use your state-specific emission factors, either click the “Clear Data” button and 
enter your emission factors in the yellow cells or overwrite the default emission factors 
in the yellow cells. To restore all default emission factors, click the “Restore Default 
Data” button. 

2. Enter the vehicle miles traveled for each vehicle type, by year, from 1990 to the present year. 
These default data are from FHWA (2026).  
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Figure 4. Example of the Highway 4a Worksheet 

 
 

Step (4b) Highway Vehicles – Allocating VMT by Model Year Worksheet 

1. Distribute vehicle miles traveled by vehicle age on the Highway 4b worksheet. To account for 
changes over time in the control technologies used by vehicles, estimates of VMT by vehicle 
type must be distributed across vehicle model years. To make this apportionment, it is 
necessary to incorporate the following distributions: (1) vehicle age distribution for any given 
year, and (2) average annual age-specific individual vehicle mileage accumulation.1 Vehicle age 
distribution simply refers to the age distribution of the vehicle fleet in a given year. This 
distribution may vary by state due to climate and road maintenance practices (e.g., whether 
roads are salted, which causes faster deterioration of cars), cultural reasons (e.g., higher 
demand for older “cruisers” in Los Angeles), and/or economic reasons.  

a. First, choose the year of the inventory you are performing in the yellow box at the top 
of the sheet using the arrow buttons, as shown in Figure 5. Default data (U.S. EPA 2025) 
for the current year’s age distribution is automatically selected as you change the 
inventory year using the arrow buttons and shown in Table II (in the module); you may 

 

1 Users can first select the inventory year and then enter the average annual VMT and age distribution for the 
selected inventory year. If they are interested in only using the default data, they can “Restore default data for all 
years.” 

Enter VMT data 

Enter emission factors 

Restore/clear defaults 



Module 3 –Mobile Combustion Module                                                                                                                                                              September 2026 

 

overwrite it if you wish or clear it by clicking “Clear Age Distribution Entries”; to restore 
the default data, click “Restore Default Data.” 

b. Next, enter the mileage accumulation for each vehicle age class/model year in Table I. 
This table refers to the relative distance vehicles are driven annually, by vehicle type and 
model year. The vehicle ages are displayed as numbers in ascending order from the 
inventory year. That is, if the inventory year is 2005, cars built in 2005 are year “0” 
vehicles, cars built in 2004 are year “1” vehicles, and so forth. 

c. Enter or change the percent age distribution for vehicles in the inventory year in Table 
II. This age distribution represents the percent of vehicles on the road in the inventory 
year, based on the year the vehicle was manufactured. This table is similar to Table I in 
that if the inventory year is 2005, cars built in 2005 are year “0” vehicles, cars built in 
2004 are year “1” vehicles, and so forth. 

d. Finally, click “Save Data” to save any entered data and populate similar tables for the 
entire time series. Alternatively, use default data for all years by clicking the “Restore 
Default Data for All Years” button at the top of the page. This will populate the historical 
time series based on default data from U.S. EPA (2025). This step creates an emission 
estimate for each year from 1990 to the current inventory year. 

Figure 5. Example of the Highway 4b Worksheet 

 
This tab automatically calculates a weighted average in Table III, using the values entered in Table I and 
Table II for each year to get VMT weighted by model year based on total VMT distribution and assumed 
annual miles traveled per vehicle MY. 
 

Enter age distribution 
(%) 

Enter vehicle mileage accumulation by 
age class  

Populate data for other years 

Enter/select inventory year 
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Step (4c) Highway Vehicles – Allocating Control Technology by Model Year 
Worksheet 

1. In the Highway 4c worksheet, you will enter percentage of vehicles with each control 
technology, by vehicle type and model year. 

a. Enter the distribution of emissions control equipment type by vehicle model year for 
motorcycles and diesel vehicles in Table I, as shown in Figure 6. The three types of 
control technology for motorcycles and diesel vehicles are Advanced (A), Moderate (M), 
Uncontrolled (U), and Aftertreatment (AF). Default data from U.S. EPA (2025) are 
automatically entered in the yellow cells, but you may overwrite or delete them if you 
wish, using the “Restore Default Data” buttons above the Table I. 

b. In Table II of this worksheet, enter the distribution of emissions control equipment type 
by vehicle model year for gasoline vehicles (LDGV, LDGT, and HDGV), as shown in Figure 
8. The types of control technologies used are (in order of most recent employment): 
three-way catalyst (T3), low-emission vehicle (L3), three-way catalyst (T2), low-emission 
vehicle (L2), low-emission vehicle (L), three-way catalyst (T1), early three-way catalyst 
(T0), oxidation catalyst (O), non-catalyst (N), and uncontrolled (U). Defaults are 
automatically entered in the yellow cells, but you may overwrite or delete them if you 
wish, using the buttons above the table. 

Figure 6. Example of the Highway 4c Worksheet 

 

 

Step (5) through Step (8) Complete the Non-Highway Worksheets 

Although mobile sources other than road vehicles account for a significant fraction of total mobile CH4 
and N2O emissions, they have received relatively little study compared to passenger cars and heavy-duty 

Enter emissions technology by 
model year for gasoline vehicles 

 Enter emissions technology by model 
year for motorcycles and diesel vehicles 
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trucks. Major sources of pollutant emissions among non-highway vehicles include jet aircraft, gasoline-
fueled piston aircraft, agricultural and construction equipment, railway locomotives, boats, and ships. 
Although each transportation mode has its own worksheet in the module, the method used for 
estimating emissions for these non-highway sources is almost identical and will be described 
collectively. The steps below are illustrated in Figure 7 (the Marine worksheet is used as an example; the 
other worksheets are very similar). 

1. Enter energy contents (for aviation, in kg/million Btu) or density factors (for modes other than 
aviation, in kg/gallon of fuel or ton coal). Select the defaults by clicking the “Restore Default 
Data” button. 

2. Enter CH4 and N2O emission factors for each fuel type in g gas/kg fuel.2 

3. Enter fuel consumption data from 1990 to present for each type of fuel in million Btu (aviation), 
gallons of liquid fuel (all modes except aviation), or tons of coal (locomotives).3 

4. On the “Other non-highway” worksheet, you must complete the above steps three times: for 
farm equipment, for construction equipment, and for other non-highway equipment. Non-
highway equipment can include small gasoline utility machines, which are motorized machines 
that are powered by compact gasoline engines, HD machines, which are larger motorized 
machines and can be powered by gasoline or diesel, and snowmobiles. . 

 

2 Default data are from U.S. EPA (2025) (alternative fuels, jet fuel); IPCC/UNEP/OECD/IEA (1997) (all other fuels). 

3 Default data are from EIA (2025) (aviation); FHWA (2024) (marine); U.S. EPA (2025) (marine, other non-highway); EIA (2022) 
(locomotives). 
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Figure 7. Example of Data Required for Non-Highway Mobile Sources 

 

Step (9) Complete the Sector Worksheet for Alternative Fuel Vehicles 

The methodology for alternative fuel vehicles is a simplified version of the methodology used for 
highway vehicles; an emission factor is multiplied by the VMT of each type of vehicle, based on the fuel 
used. The alternative fuels for which you can calculate emissions are methanol, ethanol, compressed 
natural gas (CNG), liquefied natural gas (LNG), and liquefied petroleum gas (LPG). The steps below are 
illustrated in Figure 8. 

1. Enter CH4 and N2O emission factors for light-duty vehicles, heavy-duty vehicles, and buses for 
each relevant fuel type. The default data are from U.S. EPA (2025) and are populated by 
selecting the “Restore Default Data” buttons. If you would like to use different data, you may 
overwrite the yellow cells or use the “Clear Data” button and enter your state-specific data. 
Factors are assumed to be the same for all model years. 

2. Enter VMT for each vehicle by fuel type from 1990 to present. 

3. Check the box to correct for alternative fuel vehicle VMT included in highway vehicle VMT. 
Default data for highway VMT are assumed to include alternative fuel vehicle miles traveled, 
therefore this box is checked in its default state and AFV VMT is automatically subtracted from 
highway VMT. Uncheck this box if the highway VMT data you entered do not include alternative 
fuel vehicles. 

Enter emission factors 

Enter energy content/ density 
factors 

Enter fuel consumption 
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Figure 8. Alternative Fuel Vehicles Worksheet Data Entry 

 
 
 

Enter VMT data Scroll down sheet for highway 
VMT offset 

Enter emission factors 
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Step (10) Review the CO2 Emissions Calculation Worksheet for Highway 
Vehicles 

The gray arrows in the upper left of your screen will take you through Steps 10 and 11 if you chose to 
conduct optional CO2 calculations in Step 3. The methodology to calculate CO2 emissions from highway 
vehicles requires a conversion from the measured activity (vehicle miles traveled) to fuel consumption 
because CO2 emission factors are based on gallons of fuel consumed instead of miles driven. Because 
vehicle miles traveled have already been entered in Step 4, this step only requires the review of 
established data. Figure 9 shows the automatic CO2 emissions calculations for highway vehicles. 

1. Review the total vehicle miles traveled by highway vehicle type for each calendar year. These 
total vehicle miles traveled values are automatically summed for each calendar year based on 
the values entered in Step 4 of this module. 

2. Review the total fuel consumption by highway vehicle type for each calendar year. The fuel 
consumption is calculated based on the total vehicle miles traveled and average vehicle fuel 
efficiency by vehicle class and model year. Vehicle fuel efficiency values are fixed inputs derived 
from EPA’s Mobile 6.3 model, specifically Appendix G and H (U.S. EPA, 2002).  

3. Review the total emissions calculations for each highway vehicle type. Fuel consumption is 
converted to MMBTU consumption using unit conversion factors and then gasoline 
consumption is adjusted to account for ethanol blending in gasoline. CO2 emissions are 
calculated using unit conversion and default CO2 emission factors.  
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Step (11) Review the CO2 Emissions Calculation Worksheet for Non-Highway 
Vehicles 

Step 11 conducts similar calculations as those done in Step 10, but for non-highway vehicles, including 
planes, boats, locomotives, and other off-road vehicles. This step requires users to review established 
data and automatic calculations in the sheet. Figure 10 shows the automatic CO2 emissions calculations 
for non-highway vehicles. Note that calculations for each separate class of non-highway vehicles (planes, 
boats, locomotives, and other) are separately listed on the page. Scroll down through each section when 
conducting the following steps.  

1. Review the total fuel consumption by non-highway vehicle type for each calendar year. 

2. Review the total emissions calculations for each non-highway vehicle type. Fuel consumption 
was converted to carbon content consumed using unit conversion factors. CO2 emissions in 
metric tonnes were calculated using unit conversion and default CO2 emission factors. 

3. Review the total emissions calculations at the bottom of the page, which sums up the emissions 
of each non-highway fuel type calculated in previous steps. 

 

Figure 10. Example of the Off-road CO2 Worksheet in the Mobile Combustion Module 

Figure 9. Example of the Highway CO2 Worksheet in the Mobile Combustion Module 
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Step (12) Review Summary Information 

The information from each sector worksheet is collected on the summary worksheets. 

Step (12a) Review CH4 and N2O Summary Information 

The Steps 4-9 above provide estimates of total CH4 and N2O emissions from mobile combustion. This 
summary worksheet displays results in MTCO2E, Gg CH4, and Gg N2O. Figure 11 shows the summary 
worksheet that sums the CH4 and N2O emissions from all sectors in the Mobile Combustion module. In 
addition, the results are displayed in graphical format at the right of the summary worksheet.  
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Step (12b) Review CO2 Summary Information 

If you conducted optional CO2 calculations in Steps 10-11 above, this summary worksheet collects the 
CO2 emission results. The results are displayed in MTCO2E by mobile source and fuel type from all 
sectors in the Mobile Combustion module. In addition, the results are displayed in graphical format at 
the bottom of the summary worksheet. 

 

 

 

 

 

Figure 11. Example of the Emissions Summary Worksheet in the Mobile Combustion Module 
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1.3 UNCERTAINTY 
In the upper right-hand corner of the summary worksheet is a button: “Review discussion of uncertainty 
associated with these results.” By clicking on this button, you are taken to a worksheet that discusses 
the uncertainty surrounding the activity data and emission factors, and how the uncertainty estimates 
for this source category affect the uncertainty of the emission estimates for your state. 

The uncertainty for the optional CO2 calculations bears special consideration because these calculations 
are supplemental to those already contained in the CO2FFC module. The Mobile module provides an 
additional level of detail by estimating CO2 emissions by transportation mode and vehicle type. The 
CO2FFC module calculates CO2 emissions based on total fuel consumption across all modes, while the 
Mobile module calculates CO2 emissions based on activity data (such as vehicle miles traveled). It is 
anticipated that the CO2FFC module provides a more accurate estimate of total CO2 emissions in the 
transportation sector due to less uncertainty in the estimates of total fuel consumption than in the 
detailed activity data. However, fuel consumption is not otherwise available on the detailed level 
needed for analysis by mode and vehicle type at the state level.  

With highway vehicles, the CO2 calculations rely on the same disaggregation of total vehicle miles 
traveled by vehicle type and model year that is used for the non-CO2 calculations. The module then uses 
average fuel economy by vehicle type and model year to estimate fuel consumption. Error in the vehicle 
split, age distribution, or fuel efficiency factors will affect the estimates. The estimates may also differ 
from the CO2FFC module because there may be differences between the state where fuel is sold and the 
state where that fuel is consumed. For example, if a state has lower fuel taxes than its neighbors, 
interstate travelers may purchase fuel in a low-tax state and consume that fuel in a state with higher 
fuel taxes, causing a disconnect between reported fuel consumption based on sales and VMT. 

The methods for non-highway vehicles are essentially the same as those used in the CO2FFC module, 
because they rely on a simple multiplication of fuel consumption times the CO2 emission factor. The only 
major source of uncertainty is with the data sources used for disaggregating fuel consumption by type. 

Because of these issues, the uncertainty surrounding the CO2 emissions estimates from gasoline and 
diesel is particularly high. Caution should be used when interpreting these results. 

 

1.4 EXPLANATION OF MOBILE COMBUSTION MODULE 

UPDATES 
The following updated methodologies were used: 

Highway vehicles 
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1. Utilize the data on annual vehicle miles traveled for each vehicle type and model year as 
determined in step 4 of the module; 

2. Estimate gallons of fuel consumed for each vehicle type and model year with default fuel 
efficiency data; 

3. Adjust gasoline fuel consumption based on the reported amount of ethanol consumed annually 
by the transportation sector in each state; and  

4. Multiply fuel consumption by the appropriate energy content and carbon coefficient to estimate 
CO2 emissions.  

Non-highway vehicles 

1. Utilize consumption data for each mode and fuel type from steps 5 through 8 of the module 
(aviation, boats & vessels, locomotives, and other non-highway vehicles); and  

2. Multiply fuel consumption by the appropriate energy content and carbon coefficient to estimate 
CO2 emissions. 

By contrast, the CO2 calculations for highway vehicles require estimating fuel consumption based on 
vehicle miles traveled by vehicle type—which is itself the product of estimates—because fuel 
consumption is not otherwise available on the detailed level needed for analysis by mode and vehicle 
type at the state level.  
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