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1. INTRODUCTION 

CT-EMFAC is a California-specific project-level analysis tool for modeling emissions of 
criteria pollutants, Mobile Source Air Toxics (MSATs), and carbon dioxide from on-road 
vehicles.  It was originally developed by U.C. Davis under the U.C. Davis-Caltrans Air Quality 
Project (Wu et al., 2007).  A previous version of CT-EMFAC (version 2.6, dated May 29, 2008) 
had a graphical user interface (GUI) developed in Visual Basic .NET and manipulated emissions 
data (originally populated from the EMFAC2007 model) in a Microsoft Access database.  Users 
were required to provide input parameters and select options through the GUI (see Figure 1-1); 
the model queried emissions information from the Access database, performed data calculations, 
and generated .txt output files with emission factors and total emissions.  A limitation of the 
previous CT-EMFAC version was the lack of a batch-mode run function.  It could therefore be 
time consuming for users to specify inputs for multiple project scenarios and roadway segments; 
it also added workload for users to compile multiple output files and aggregate emissions 
information for comparison across multiple scenarios. 

   

Figure 1-1.  GUI of previous CT-EMFAC model (v2.6). 

With permission from U.C. Davis, Sonoma Technology, Inc. (STI) worked with the San 
Diego Association of Governments (SANDAG) and Caltrans District 11 to develop a new 
version of the CT-EMFAC tool.  The new version enables users to electronically load 
pre-formatted input data files derived from regional traffic model outputs.  The revised 
CT-EMFAC (version 4.0, discussed in this document) accepts a spreadsheet input file with 
multiple worksheets and processes them in a batch-mode model run.  In addition, CT-EMFAC 
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v4.0 also has the ability to organize the emissions output data in tabular and graphic pre-
formatted files to facilitate comparisons among scenarios.  

This document illustrates new features and functions in CT-EMFAC v4.0 and provides 
instructions for using the model batch mode.  As shown in a flowchart illustrating CT-EMFAC 
v4.0 (Figure 1-2), features from the prior version of CT-EMFAC, including the original GUI 
and the Emission Factors and Emission Calculations tabs, remain functional as a manual mode 
option in this new version.  In the manual mode tabs, users are still allowed to specify input 
parameters and obtain composite emission factors and total emissions (in output files) associated 
with a single run scenario.  The main changes in CT-EMFAC v4.0 include (1) an additional 
batch-mode GUI tab with input/output routines; (2) batch-mode functions to perform both 
emission factors lookup and total emissions calculations in one model run; and (3) output 
functions to generate pre-formatted summary tables and graphics in spreadsheet files. 

 

 

 

 

 

 

 

 
 
Black: Original CT-EMFAC model functions (version 2.6, May 29, 2008; developed by U.C. Davis) 
Blue:  New model functions developed for CT-EMFAC (v4.0; developed by STI) 
Green: External data and functions for preparing CT-EMFAC input files (developed by Caltrans District 11) 

Figure 1-2.  Flowchart of the revised CT-EMFAC model. 

2. GETTING STARTED WITH CT-EMFAC V4.0 

2.1 What’s Included in the CT-EMFAC v4.0 Package  

The CT-EMFAC v4.0 package includes two file folders, one executable model file 
(CT-EMFAC.exe), three read-only program files (About.rtf, Bytescout.Spreadsheet.dll, and 
CT-EMFAC Output Template.xls), a .pdf file (CT-EMFAC-v4.0-User-Guide.pdf, this 
document), and a “readme” file (readme.txt).  The “Database” folder includes an Access 
database file (CT-EMFAC.mdb) pre-populated based on the EMFAC2007 model data.  The 
“Input-Output” folder holds four .xls spreadsheets that include an input template (CT-EMFAC 
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Input Template.xls), an example input file (CT-EMFAC Input Example.xls) and two example 
output files for a batch-mode run (CT-EMFAC Output Example.xls and CT-EMFAC Output 
Example-EF only.xls).  The executable CT-EMFAC.exe file is used to start the GUI.  The three 
read-only program files are used by the model’s GUI and output functions.  Users should not 
change them (e.g., name, location, or content).  Users should use the input template (or the input 
example file) to create their own input spreadsheet for a batch-mode run in the model (the 
template ensures that each input file has a consistent input format).  As a default, the output files 
will be saved in the “Input-Output” folder (.ef and .ec text files for manual mode; .xls 
spreadsheet files for batch mode).  Users may specify alternate file locations while using the tool. 

2.2 Overview of CT-EMFAC v4.0 GUI  

The CT-EMFAC v4.0 GUI has four main tabs:  Title, About, Manual Mode, and Batch 
Mode.  The Title tab includes authorship information; the About tab presents a brief introduction 
of the CT-EMFAC model and its release history (see Figure 2-1).  The Manual Mode tab 
supports two sub-tabs, Emission Factors and Emission Calculations (see Figure 2-2), which 
have the same functions as those in previous CT-EMFAC versions (they load user’s input 
specifications through the GUI and generate composite emission factors and total emissions in 
output .txt files).  For details of how to use the CT-EMFAC manual mode, please refer to 
documentation for the previous CT-EMFAC model versions (Wu et al., 2007)1.  The Batch Mode 
tab provides new features that allow users to load an input spreadsheet with information for 
multiple scenarios and multiple roadway segments associated with a project alternative, and to 
output a pre-formatted spreadsheet with emission factors and emissions.  

  

Figure 2-1.  Title and About tabs in CT-EMFAC v4.0. 

                                                 
1 Available from:  http://www.dot.ca.gov/hq/env/air/software/camfetc/CTEMFAC-12-07-Final-Documentation.pdf.  
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Figure 2-2.  Manual Mode tabs in CT-EMFAC v4.0. 

2.3 Overview of CT-EMFAC v4.0 Batch Mode 

As shown in Figure 2-3, the Batch Mode tab in the GUI allows users to (1) select 
pollutants to be analyzed in the pollutant check-box list; (2) browse and load an input .xls 
spreadsheet file; (3) specify an output .xls spreadsheet file name and location; (4) select all or 
any number of the scenarios for a project alternative to be analyzed in a batch-mode run; (5) 
quality check and review input data (title, vehicle miles traveled [VMT] by speed distribution, 
area, analysis year, and fleet mix); and (6) initiate the batch-mode run to generate emission 
factors and total emissions results for all selected scenarios. 
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Figure 2-3.  Batch Mode tab in CT-EMFAC v4.0. 

3. USING CT-EMFAC V4.0 BATCH MODE  

To run the CT-EMFAC v4.0 batch mode for a given project alternative, users need to 
create an input spreadsheet using a pre-formatted file supplied with the tool.  Users load the input 
spreadsheet via the Batch Mode tab in the GUI and can quality-check input data and generate an 
output spreadsheet with emission factors and total project emissions.  The following sections 
provide step-by-step instructions for users to complete a batch-mode run in CT-EMFAC. 

3.1 Creating a Batch-Mode Input File 

A pre-formatted input spreadsheet template is provided in the CT-EMFAC v4.0 software 
package; the template should be used to create project inputs for a batch-mode run.  This input 
spreadsheet file is an Excel workbook with five worksheets, each of which is associated with a 
particular scenario of a project alternative.  The input worksheet is designed to accept roadway 
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segment travel data as well as other basic input parameters for emissions calculation.  The five 
worksheets, each organized in the same format, include Existing, Opening Day No Build, 
Opening Day Build, Horizon Year No Build, and Horizon Year Build.   

A sample input worksheet (for an Existing scenario) is shown in Figure 3-1.  
Specifically, a scenario identified in a worksheet includes two sections:  the top section in the 
worksheet illustrates the project alternative title and roadway segment-level travel data (VMT by 
speed distributions for peak and off-peak periods, respectively), which is based on 
post-processed travel demand modeling data.  The bottom section includes basic input 
parameters:  title of the scenario, geographic area, analysis year, season, and vehicle mix (i.e., 
truck percentage for peak and off-peak periods).  The input template has embedded drop-down 
lists (for geographic area, analysis year, and season) that allow users to quickly specify input 
information. 

 

 

Figure 3-1.  Sample input worksheet for a CT-EMFAC v4.0 batch-mode run. 

3.2 Using the Batch Mode User Interface  

Once the input file is prepared, users need to use the Batch Mode tab and follow six steps 
(see Figure 3-2) to complete a batch-mode run in CT-EMFAC v4.0. 
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Step 1:  Select pollutants to be analyzed from the “Pollutants” check-box list.  Users 
can select “All” or “None” buttons, or use check boxes to select specific pollutant names to 
include in a batch-mode run.  Once the pollutants are selected through the GUI, each batch-mode 
run will provide emission estimates for the same set of selected pollutants for all five scenarios 
associated with a project alternative. 

Step 2:  Browse and load the input spreadsheet file in the “Input File” text box.  
Once the file is loaded, the GUI will display input information including the title of the studied 
project alternative, available scenarios, VMT by speed distribution data, and other basic input 
parameters.  If users modify the existing loaded input spreadsheet file, they can save the file, 
reload the changed input file by using either the “Browse” function and opening it again, or by 
placing the mouse cursor in the “Input File” text box with the file name and pressing the “Enter” 
key. 

Step 3:  Browse or manually type an output file name in the “Output File” text box.  
As a default, the output spreadsheet file will be saved in the “Input-Output” sub-folder in the 
CT-EMFAC program folder.  Users can either browse for an existing spreadsheet file, or type a 
file name and press the “Enter” key to create a new output file (the full file path will appear in 
the text box).  Users should note that to complete a batch-mode run, the output spreadsheet must 
be closed.   

Step 4:  Check and/or highlight available scenarios in the “Scenarios” box.  After the 
input spreadsheet (for a specific project alternative) is loaded, the GUI will automatically display 
five scenarios in a list (the “Select Which Scenarios to Run” box).  Users can select “All” or 
“None” buttons, or use the check box before each scenario title to select specific scenarios to 
include in a batch-mode run.  By clicking the scenario title in the list or using arrow keys, users 
can highlight a scenario and view its input information displayed in the GUI. 

Step 5:  Quality-check input data for the selected scenario.  The data shown in the 
“VMT Input Data” box is used in CT-EMFAC to calculate total emissions for each roadway 
segment.  If desired, users can visually check these data before running the tool (e.g., they can 
check the total VMT by segment and the percent distribution by speed bin).  Users can also 
check the basic input parameters for “Place and Time”, “Peak Vehicle Mix”, and “Off-Peak 
Vehicle Mix” in the Batch Mode tab display for the selected project alternative.  The input 
information displayed is read-only; users need to make changes in the input spreadsheet file and 
reload updated input information. 

Step 6:  Specify output option and initiate the batch-mode run.  The CT-EMFAC 
v4.0 batch mode can generate both emission factors and total emissions for the selected 
scenarios.  If users select “Emission Factors Only”, the output spreadsheet will include only 
composite running exhaust and running loss emission factors.  Clicking the “Run” button will 
start the batch-mode run; a progress bar and a pop-up message will inform users about the 
progress and completion of a batch run.  Users can click the “Exit” button to close the program at 
any time (not during a run). 
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Figure 3-2.  Sample CT-EMFAC v4.0 batch mode GUI with input data loaded. 

3.3 Retrieving a Batch-Mode Output File  

The batch-mode run results are saved in a Microsoft Excel workbook with multiple 
worksheets.  The first worksheet includes a summary table of total emissions by pollutant for 
each of the five scenarios of a project alternative.  Pollutant-specific bar charts for total 
emissions based on the summary table are also provided to facilitate comparisons among the five 
scenarios (see Figure 3-3).   

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 
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Figure 3-3.  Sample CT-EMFAC v4.0 batch-mode output summary with graphs. 

The next several worksheets, each corresponding to one of the five scenarios, include 
composite emission factors (grams per mile for running exhaust emission and grams per minute 
for running loss emission, for peak and off-peak periods) and segment level emissions (see 
Figure 3-4 for sample outputs).  If users generate only emission factors (by checking “Emission 
Factors Only” in the GUI), the output file will include only the scenario output worksheets with 
emission factors results. 

The rest of the worksheets in the output file, each for a specific pollutant selected for the 
batch-mode run, include line graphs and data for roadway segment emissions by scenario (see 
Figure 3-5 for sample outputs). 
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Figure 3-4.  Sample CT-EMFAC v4.0 batch-mode output for a scenario. 
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Figure 3-5.  Sample CT-EMFAC v4.0 batch-mode output for a pollutant. 
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