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Introduction 
 

The following material describes a nine-step method to estimate project-specific mobile source 

air toxics (MSAT) emissions.  The written methodology accompanies a draft spreadsheet tool 

(Bai et al., 2006) built to facilitate project analyses.1  The analysis approach is designed to 

answer broad questions, such as whether one project alternative would be expected to have 

higher or lower MSAT emissions than a different alternative.  We illustrate the analysis approach 

using an I-5 improvement project in the South Coast Air Basin portion of Los Angeles County, 

for the year 2004.   

 

The U.S. Federal Highway Administration (FHWA) published project- level MSAT assessment 

guidance in February 2006.2  The federal guidance focuses on states other than California, and 

utilizes the U.S. Environmental Protection Agency’s (EPA’s) on-road motor vehicle emissions 

modeling tool, MOBILE, which includes MSAT emission factors.  This methodology is specific 

to completing California project analyses.  The method utilizes the California Air Resources 

Board’s (CARB’s) EMFAC2007 on-road emissions model, related MSAT data provided by 

CARB, and activity data provided by the project analyst. 

 

The methodology focuses on the six MSAT pollutants identified by the U.S. Environmental 

Protection Agency (EPA) as being the highest priority (U.S. Environmental Protection Agency, 

2001).  The six pollutants are:  diesel particulate matter (DPM), acrolein, acetaldehyde, 

formaldehyde, benzene, and 1,3-butadiene.  EMFAC2007 provides emission factor information 

for DPM, but does not provide emission factors for the remaining five MSATs.  Each of the 

remaining five MSATs, however, is a constituent of motor vehicle organic gas (TOG) emissions, 

and EMFAC2007 provides emission factors for TOG.  CARB supplied Caltrans with “speciation 

factors” for each of the five MSATs not directly estimated by EMFAC2007.  Each speciation 

factor represents the portion of total TOG emissions that is estimated to be a given MSAT.  For 

example, if benzene emissions are estimated to be 3% of total TOG emissions, a 0.03 speciation 

factor for benzene is used as a multiplier to estimate benzene emissions once TOG emissions are 

                                                 
1 Users should consult with Caltrans to obtain the latest version of the tool.  At the time this report was prepared, the 
latest version (v1.2) was the spreadsheet file “UCD_MSAT_Worksheet_11_13_2006.xls”. 
2 See:  http://www.fhwa.dot.gov/environment/airtoxic/020306guidmem.htm. 
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known.  The method uses CARB-supplied speciation factors to estimate MSAT emissions as a 

function of TOG emissions. 

 

To complete analyses, U.C. Davis prepared a spreadsheet tool that incorporates EMFAC2007 

emission factors and CARB speciation factors, and allows analysts to input project-specific 

traffic activity data such as peak and off-peak hour VMT, speed, travel times and traffic volumes 

(Bai et al., 2006).  The spreadsheet tool applies the activity data to the emission factors, and 

estimates MSAT emissions for base case and alternative scenarios.  This material describes the 

step-by-step use of the spreadsheet tool to obtain needed MSAT emissions estimates. 

 

Project analysts will typically need to repeat the analysis steps described in this report for at least 

five scenarios: a base year (e.g., 2004), and build and no-build scenarios for the year following 

project completion (the operational year) and a “horizon” year which will usually be the project 

design year (year of completion plus 20 years).  The “build” scenarios will need to reflect each of 

the project alternatives under consideration.  The remaining text introduces how to prepare 

appropriate input data to use the EMFAC2007 model with the spreadsheet tool to conduct a 

project level MSAT analysis.  Each step includes a “screen shot” of the spreadsheet tool 

worksheet referred to in the text. 
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Step 1: Review spreadsheet tool title and notes – worksheet “Title” and “Notes” 
 

 
 

1. Check the version date of the spreadsheet tool to make sure the analysis is completed 

using the latest available version.  

2. Note that the two legend cells shown on the note page illustrate two types of data fields in 

the spreadsheet tool: 

• Data with yellow background in a worksheet need to be provided or updated by users. 

Users need to either manually input data (e.g., project information), or copy data to 

the fields (copy values only, NOT formulas) from associated worksheets. 

• Data with blue background in a worksheet will be updated by the spreadsheet tool 

automatically, based on integrated formulas. 
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Step 2: Input project information – worksheet “Project Info” 
 

 
 

1. Input project title (e.g., “Caltrans I-5 Improvement”). 

2. Input analysis year (in the spreadsheet example we use a 2004 base year). 

3. Input the length of freeway segment (in our example we assume 8.31 miles). 

4. Input daily peak and off-peak traffic volumes; for example,  

Peak time: 1800 veh/hr/lane × 6 hours × 4 lanes = 43200 vehicles. 

Off-peak time: 1200 veh/hr/lane × 18 hours × 4 lanes = 86400 vehicles. 

5. Peak and off-peak VMT are automatically calculated (Segment length × traffic volume). 

6. Input estimated peak and off-peak average speed; e.g., 50 mph and 65 mph, respectively. 

7. Input percent trucks at peak and off-peak time; this example assumes 10% and 10%.3 

8. Vehicle travel time on the segment is calculated automatically, based on: 

Travel time (in minute) = 60 × (segment length/average speed).
                                                 
3 Note that here, “percent trucks” refers to all medium-duty vehicles and larger, and does not distinguish between 
diesel and gasoline-powered vehicles; in a separate worksheet, the spreadsheet tool uses this input information to 
estimate the percent of traffic that is diesel-powered. 
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Step 3: Prepare emission factors from EMFAC – worksheet “Original Data from EMFAC” 
 

 
 

The data shown in this worksheet are copied from the EMFAC2007 model output “.rtl” file. The 

entire worksheet has eight tables (each table has multiple sub-tables), only some of which are 

used for the MSAT analysis. The following text with “screen shot” pictures, in a step-by-step 

manner, introduces how to prepare the “.rtl” data file based on the EMFAC2007 model and how 

to appropriately copy data from the “.rtl” file to update the worksheet. 
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1. Start EMFAC2007 (version 2.3, November 1, 2006) program. 
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2. Create a new scenario by selecting “new” from the File menu. 
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3. The EMFAC model interface shows the “MAIN” tab; click “Add New Scenario”. 
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4. The EMFAC model interface shows the “Input 1” tab; in the Step 1 – Geographic Area 

box, select “county”; and then in the pop-up window, select “Los Angeles” ?  “Do Each 

Sub-Area”  (we use Los Angeles to illustrate the methodology). 
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5. In the same “Input 1” tab, click “select” in the Step 2 – Calendar Years box; then in the 

pop-up window, do the following:  

• Select “2004” (or an appropriate analysis year) for Calendar Year. 

• Click “>” to input “2004” in the “included” data window; then click “Ok”. 

• Select “Annual” in the Step 3 – Season and Month box; then click “Next” 
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6. The EMFAC model interface shows the “Input 2” tab; click “Default Title” to 

automatically update the scenario title for report files using the default, or manually input 

the scenario title in the text box; then click “Next”. 
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7. The EMFAC model interface shows the “Mode and Output” tab; 

• Click “EMFAC – Area fleet average emissions”. 

• Select Emfac Rate Files “Detailed Impact Rates (RTL)”. 

• Select Output Particulate As “Total PM” (this is needed to estimate total diesel PM). 

• Select Output Hydrocarbons As “TOG”. 
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8. On the “Mode and Output” tab, click “Temperatures” in the Configure EMFAC Outputs 

box; in the pop-up window, input an average daily temperature used for the project (e.g., 

70) in the first data box; then delete all other default data; click “OK”. 4 

 

 

 
                                                 
4 Analysts will typically input an average temperature based on conditions for a summer day; this data is available 
by county or air basin from the “Burden” mode in the EMFAC model; alternatively, analysts can obtain temperature 
conditions from other sources that describe county or air basin-specific statistics. 
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9. On the “Mode and Output” tab, click “Relative Humidities” in the Configure EMFAC 

Outputs box; in the pop-up window, input an average daily relative humidity used for the 

project (e.g., 70) in the first data box; then delete all other default data; click “OK”. 5 

 

 

 

                                                 
5 Analysts will typically input an average relative humidity based on conditions for a summer day; this data is 
available by county or air basin from the “Burden” mode in the EMFAC model; alternatively, analysts can obtain 
relative humidity conditions from other sources that describe county or air basin-specific statistics. 
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10. On the “Mode and Output” tab, click “Speed…” in the Configure EMFAC Outputs box; 

in the pop-up window, click the first data box with “0” to delete it (this “0” speed bin 

corresponds to idle emissions, which are not used for project analysis); click “OK”. 
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11. The EMFAC model interface goes back to the “Mode and Output” tab; click “Finish”. 
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12. The EMFAC model interface goes back to the “MAIN” tab; click “Save as…” (note that 

the current scenario title is shown on the “List of Available scenarios” box. 
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13. In the pop-up window, select a desired file directory (e.g., desktop in this example) and 

input a file name (e.g., “MSAT_LA_2004”); then click “Save”; EMFAC model will 

create a “*.inp” file including all parameters specified for the current scenario. 
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14. The EMFAC model interface goes back to the “MAIN” tab; click “Run”. 
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15. The EMFAC model interface shows the calculation status of the current scenario run; 

when the run is complete, the total calculation time is presented and a “*.rtl” file is 

available in the same directory (desktop in this example) with the same name as the 

“*.inp” file (i.e., MSAT_LA_2004.rtl in this example). 
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16. Now open the Microsoft Excel program; the interface is an empty worksheet file. 

 

 
 

 



 25 

17. Select “open” from the File menu or click the “open” icon on the tool bar; in the pop-up 

window, browse All Files to find the “*.rtl” file in the directory where it is saved (in this 

example, the MSAT_LA_2004.rtl file is in the desktop directory); click “Open”. 
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18. In the pop-up window, Text Import Wizard – Step 1 of 3, select “Delimited” as the data 

file type; click “Next”. 
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19. In the window Text Import Wizard – Step 2 of 3, check “Comma”; then click “Next”. 
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20. The window is updated to Text Import Wizard – Step 3 of 3; change nothing in this 

window; click “Finish”. 
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21. Now Excel opens the “*.rtl” file in a worksheet format; select the entire worksheet by 

clicking the left button of mouse on the left-top corner of the worksheet (the entire 

worksheet will be highlighted); click the right button of mouse to active a pop-up 

window, then select “Copy” to copy the entire worksheet. 
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22. Go to the “Original Data from EMFAC” worksheet in the spreadsheet tool; select the 

entire worksheet by clicking the left button of mouse on the left-top corner of the 

worksheet, or just select cell A1; click the right button of mouse at the same location on 

the worksheet, and in the pop-up window, select “Paste Special”. 
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23. In the pop-up window, check “Values”; then click “OK”. 
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24. Now the detailed emission factors from the EMFAC model have been updated in the 

spreadsheet tool; review and understand the structure of this data worksheet: 

• When “Do Each Sub-Area” is selected in EMFAC runs, the output for Los Angeles 

County includes emission factors for both the South Coast Air Basin part and the 

Mojave Desert Air Basin part; we only focus on the South Coast Air Basin part, 

which is the first half of the “*.rtl” file.  For other counties, the entire “*.rtl” file may 

include only a single Air Basin. 

• The “*.rtl” file is organized into 8 Tables (as can be seen from the subtitles in the 

file), each of which includes one or multiple data blocks (detailed emission factors by 

speed bins for different vehicle classes, pollutants, and emission processes); we only 

need to use Table 1, Table 7 and Table 8 (yellow background in the worksheet). 
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Step 4: Copy useful emission factors – worksheet “Block Data from EMFAC” 
 

 
 

1. Copy the following four data blocks from the worksheet “Original Data from EMFAC” 

(with yellow background) to the worksheet “Block Data from EMFAC”, which will be 

used for calculating composite emission factors: 

Description Data 
Block Table # Data Unit Data from worksheet Data to worksheet 

1 Table 1 TOG (running exhaust) g/mile Line 20 – 32  Line 4 – 16 
2 Table 1 PM (running exhaust) g/mile Line 120 – 132 Line 21 – 33 
3 Table 8 TOG (running loss) g/minute Line 570 – 585 Line 38 – 53 
4 Table 7 VMT distribution none Line 542 Line 58 

 

2. Double check the copied block data in the worksheet “Block Data from EMFAC” to 

ensure the entire data table covers cell A1 to cell BE58 in this worksheet. 
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Step 5: Calculation of the composite emission factors – worksheet “CEF” 
 

 
 

1. The composite emission factors (CEF) for the analysis year (2004 in this example) will 

be automatically calculated in the worksheet “CEF”; the CEF for diesel exhaust PM, 

diesel exhaust TOG and non-diesel exhaust TOG are specified by speed bin; the CEF for 

non-diesel evaporative running loss TOG are specified by travel time. 

2. Based on the VMT distribution (Data Block 4) in the worksheet “Block Data from 

EMFAC”, a translation factor (“Diesel Proportion”) is calculated and shown on the 

worksheet “CEF”; this factor is used to convert Caltrans truck volume (or VMT) to diesel 

volume (or VMT) for the project.  

3. Detailed descriptions of the methodology for CEF and translation factor calculation are 

presented in Appendix A and Appendix B of this document, respectively. 
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Step 6: Prepare project-specific composite emission factors – worksheet “Table 1” 
 

 
 

1. The “Average Speed” data in this worksheet are presented automatically, which are 

consistent with the speed values shown on the worksheet “Project Info”. 

2. From the composite emission factors shown on the “CEF” worksheet, select appropriate 

composite emission factors to fill out worksheet “Table 1”; copy only the values of data; 

DO NOT copy formulas integrated with the data in the worksheet “CEF”. 

• For diesel exhaust PM, TOG and non-diesel exhaust TOG, select emission factors 

based on peak speed and off-peak speed estimated for the project.  In this example 

case, copy values of emission factors for speed bin 50 and 65, respectively. 

• For non-diesel running loss TOG, the composite emission factors associated with the 

travel time of 20 minutes are selected automatically for both peak time and off-peak 

time.  Appendix C explains the reason why the CEF for a 20-minute trip are used. 
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Step 7: Prepare project-specific MSAT emission factors – worksheet “Table 2” 
 

 
 

1. The upper big table in worksheet “Table 2” includes speciation factors for different air 

toxics provided by CARB (see Appendix D for a description of the methodology used to 

composite MSAT speciation factors).  Based on the analysis year (2004 in this example), 

copy the respective row of data (line 8 for year 2004 in this example) to the designated 

line 36 in this worksheet. 

2. After copying the speciation factors, the MSAT factors will be automatically calculated 

in the bottom table of worksheet “Table 2” with blue background.  The emission factors 

for diesel exhaust acrolein and non-diesel evaporative running loss acetaldehyde, acrolein 

and formaldehyde are not provided because the respective speciation factors are not 

applicable or are currently unavailable based on CARB data. 
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Step 8: Calculate total project DPM and MSAT – worksheet “Project Emissions” 
 

 
 

1. The data in worksheet “Project Emissions” will be automatically updated when the 

worksheets “Project Info”, “Table 1” and “Table 2” are complete.  Both the traffic 

activity and project emissions are specified for peak and off-peak, respectively. 

2. The “Traffic Activity” part includes traffic volume and VMT for diesel and non-diesel 

vehicles, calculated based on project information specified in worksheet “Project Info”. 

3. The “Emissions” part includes total project emissions for diesel PM and 5 mobile source 

air toxics: benzene, 1,3-butadiene, acetaldehyde, acrolein and formaldehyde.  The 

formulas used for the emissions calculation are presented in Appendix E. 

4. Users need to repeat the above 7 steps and update respective data (project information 

and EMFAC emission factors) for different scenarios.  The scenarios may include but are 

not limited to the following: 
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• Scenario 1: Base year 

• Scenario 2: Operational year (No-build) 

• Scenario 3: Operational year (Build) 

• Scenario 4: RTP Horizon year (No-build) 

• Scenario 5: RTP Horizon year (Build) 

5. After each scenario run of the spreadsheet tool, users may copy the emission results 

shown in the “Current Scenario” table (with blue background) in the worksheet “Project 

Emissions” to the respective scenario table in the same worksheet.  Again, copy only the 

values of the emission results; DO NOT copy formulas integrated with the data in the 

“current scenario” table. 
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Step 9: Summarize total project DPM and MSAT – worksheet “Scenario Comparison” 
 

 
 

1. After the MSAT emissions for all possible project scenarios are prepared in the 

worksheet “Project Emissions”, the data in worksheet “Scenario Comparison” will be 

automatically updated.  Users can use these emissions results to conduct further analysis. 

2. A summary table is prepared in the worksheet “Scenario Comparison”, which 

summarizes the total daily project MSAT emissions for five possible scenarios.  

Respective comparison figures are also presented in this worksheet. Users can modify the 

figures to illustrate project MSAT scenario comparisons. 
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Conclusion 
 
The methodology described here enables analysts to compare build and no-build project 

alternatives and estimate how the alternatives affect MSAT emissions.  Users should understand 

that information concerning MSAT emissions is still evolving, and there is uncertainty 

embedded in both the methodology and the emission factors used.  When summarizing and 

presenting emission analysis results, project analysts are encouraged to emphasize the relative 

differences among the scenarios analyzed, rather than the absolute value of the emissions 

estimates.  In other words, the methodology is best able to help discern whether implementation 

of a project alternative results in greater or less emissions compared with other alternatives, 

rather than in estimating an absolute value for the MSAT emissions themselves.   
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Appendix A: Calculation of composite emission factors  
 

The composite emission factors are specified for four vehicle-pollutant categories and calculated 

based on the weighted average of basic emission factors for different vehicle classes from 

EMFAC model. 

 

1. Diesel vehicle hot stabilized exhaust PM, in grams/mile.  Composite emission factors are 

a weighted average of emission factors for 9 vehicle classes:  Diesel MDV, Diesel LHD1, 

Diesel LHD2, Diesel MHD, Diesel HHD, Diesel OBUS, Diesel UBUS, Diesel SBUS and 

Diesel MH; using VMT proportions of these 9 vehicle classes as the weights.  

2. Diesel vehicle hot stabilized exhaust TOG, in grams/mile.  Composite emission factors 

are a weighted average of emission factors for 9 vehicle classes: Diesel MDV, Diesel 

LHD1, Diesel LHD2, Diesel MHD, Diesel HHD, Diesel OBUS, Diesel UBUS, Diesel 

SBUS and Diesel MH; using VMT proportions of these 9 vehicle classes as the weights. 

3. Non-diesel vehicle hot stabilized exhaust TOG, in grams/mile.  Composite emission 

factors are a weighted average of emission factors for All Non-CAT and All CAT 

vehicles; using VMT proportions of All Non-CAT and All CAT vehicles as the weights. 

4. Non-diesel vehicle running loss evaporative TOG, in grams/minute.  Composite emission 

factors are a weighted average of emission factors for All Non-CAT and All CAT 

vehicles; using VMT proportions of All Non-CAT and All CAT vehicles as the weights. 
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Appendix B: Calculation of diesel translation factors  
 

The diesel translation factor (“Diesel Proportion” in the worksheet “CEF”) is the proportion of 

all diesel vehicle volume (or VMT) in the total traffic volume (or VMT) of 9 vehicle classes 

(MDV, LHD1, LHD2, MHD, HHD, OBUS, UBUS, SBUS and MH).  When computing the 

project total emissions, the traffic activity and the emission factors will be matched in the 

following way: 

 

1. For diesel vehicles: 

[Truck VMT × Diesel Proportion] × Diesel composite emission factors 

2. For non-diesel vehicles: 

[Truck VMT × (1 – Diesel Proportion) + Non-Truck VMT] × Non-Diesel composite 

emission factors 
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Appendix C: Calculation of running loss emission factors  
 

The running loss evaporative TOG factors of non-diesel vehicles are specified for different travel 

time bins, in the unit of grams/minute, based on EMFAC model output.  In the worksheet “CEF”, 

the composite factors fo r all 16 bins (from 1 minute to 60 minutes with unequal time increment) 

are the weighted average of running loss emission factors of All Non-CAT and All CAT vehicles 

(using VMT proportions of All Non-CAT and All CAT vehicles as the weights).  For a project-

level analysis, the method incorporated in the spreadsheet tool uses a single gram/minute 

emission factor associated with the 20-minute travel time bin, and that same factor is used for 

both the build and no-build scenarios. 

 

The approach is determined based on the following considerations: 

1. For a project analysis, instead of a complete trip analysis, we are looking at a portion of 

an overall trip for all vehicles using the target roadway segment; typically, it is expected 

that travel on a given facility (e.g., an I-5 freeway segment) is likely to take place several 

minutes after the vehicle is started. 

2. The main analysis goal is to get a sense of whether a project alternative increases or 

lowers emissions, and how it compares to other alternatives; and the analysis of a trip 

segment should be conservative, meaning it does not over-predict the emission reduction 

benefits of a proposed project.  

3. CARB’s existing running loss emission factors are trip-based, meaning they reflect an 

entire trip of a certain time duration, rather than travel on a specific segment.  Given that 

emissions are higher at the outset of a trip, the running loss factors are higher for shorter 

trips and lower for longer trips, as the importance of the initial emissions is diluted over a 

longer trip length.  In general, the emission factors flatten out by about the 10 minute 

mark for year 2004, and by about the 20 minute mark for later analysis years such as 

2013 or 2030.  The figures shown on the next page illustrate the change of running loss 

emission factors against travel time based on Los Angeles County EMFAC runs. 
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4. The approach used here deemphasizes the impact of the initially high emissions that 

occur in the first few minutes of a vehicle’s operation, before it arrives at the project site 

(e.g., the I-5 freeway), and uses emission factors more representative of travel after a 

vehicle has been operating for several minutes.  This approach better approximates 

emissions for a portion of a trip.  

5. It is also assumed that a project (e.g., adding lanes to the I-5 freeway) will have a greater 

impact on the travel time, rather than the running loss emission factor, since the travel at 

that point is from hot stabilized vehicles.  Looking at the running loss emission factor 

curve in the above figures, it is found that after approximately 10 to 20 minutes, the 

emission factors flatten out, as the impact from the first few minutes of travel is diluted 

by the rest of the vehicle’s trip.  

6. Therefore, the approach in the spreadsheet tool is to pick an emission factor that 

represents the stable part of the curve, and, by 20 min, the factors are relatively stable 

across many analysis years.  This approach is conservative because the emission factors 

are near their lowest point.  So, any improvement in travel, for example, a reduction in 

travel time of 5 minutes across the affected facility, will be multiplied by a small 

emission factor.  The result will be a modest decrease in emissions. 

 

In summary, the key points of the approach in the spreadsheet tool for handling running loss 

emission factors are: 

• Selecting a single non-diesel running loss emission factor for all analyses – the 20-

minute running loss factor. 

• Selecting the emission factor based on finding a factor that represents the "stable" part 

of the emission factor curve, given that project analyses examine a portion of a trip, 

rather than an entire trip, and one where the vehicle is likely to have been operating 

for several minutes or more. 

• Erring on the side of being conservative in terms of estimating emission reduction 

benefits from a proposed project. 
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Appendix D: Determination of air toxic speciation factors  
 

The air toxics speciation factors (for acetaldehyde, 1,3-butadiene, acrolein, benzene and 

formaldehyde, respectively) provided by CARB include a large range of data from year 1990 to 

2020, classified by vehicle class, technology type and fuel type.  For a project- level MSAT 

analysis, the methodology composites speciation factors using an approach that conservatively 

selects the highest gram/mile emission rate appropriate for the vehicle technology types under 

consideration.  In other words, the speciation factors used in the spreadsheet tool are the worst 

case (meaning they generate the highest emissions) of the options available.  This appendix 

briefly describes how the composite speciation factors were prepared. 

 

1. Speciation factors for diesel hot stabilized exhaust TOG: CARB speciation information 

provides a single speciation factor each for benzene, 1,3-butadiene, acetaldehyde and 

formaldehyde, respectively, for all hot stabilized diesel exhaust emissions (independent 

of vehicle type).  The speciation factors for year 2021 to 2030 are assumed to be the same 

as that for year 2020. The speciation factors for acrolein are not available based on 

CARB data. 

2. Speciation factors for non-diesel hot stabilized exhaust TOG: three primary vehicle 

classes are considered (i.e., light-duty auto, light-duty truck 1 and light-duty truck 2); and 

to be conservative, the worst-case speciation factor identified by CARB (i.e., the factor 

producing the highest MSAT emissions) is selected for each of the five air toxics, 

respectively, by calendar year.  The speciation factors based on the CARB data are not 

available for year 2011, 2013, 2014, 2016, 2017, 2019, 2021-2030.  The corresponding 

speciation factors are assumed to be the same as that for their previous year. 

3. Speciation factors for non-diesel evaporative running loss TOG: the CARB light-duty 

automobile (LDA) and light-duty truck (LDT) speciation factors are the same across 

analysis years of 1997 to 2003, for each of benzene and 1,3-butadiene.  These constant 

speciation factors are assumed unchanged after year 2003.  The speciation factors for 

acetaldehyde, acrolein and formaldehyde are not applicable for this emission category. 
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Appendix E: Calculation of total project MSAT emissions  
 

The total project MSAT emissions are calculated based on the following formulas: 

 

• Diesel PM  = Diesel VMT × Diesel exhaust PM factor 

 

• Benzene  = Diesel VMT × Diesel exhaust factor + Non-diesel VMT × Non-diesel 

exhaust factor + Non-diesel volume × Vehicle travel time × Non-diesel running loss 

factor 

 

• 1,3-Butadiene  = Diesel VMT × Diesel exhaust factor + Non-diesel VMT × Non-

diesel exhaust factor + Non-diesel volume × Vehicle travel time × Non-diesel running 

loss factor 

 

• Acetaldehyde  = Diesel VMT × Diesel exhaust factor + Non-diesel VMT × Non-

diesel exhaust factor 

 

• Acrolein = Non-diesel VMT × Non-diesel exhaust factor 

 

• Formaldehyde  = Diesel VMT × Diesel exhaust factor + Non-diesel VMT × Non-

diesel exhaust factor 

 

 


