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Methodology for Calculation
of
Emissions Benefits and Project Costs

I.   Introduction

This guidance document supports the Federal Aviation Administration (FAA) Inherently Low Emission Airport Vehicle (ILEAV) Pilot Program.   The ILEAV program targets the reduction of criteria pollutants at airports that are located in federal air quality nonattainment areas.   The pilot program assists airports in acquiring low emission vehicles and the necessary infrastructure.  It is oriented toward the deployment of technologies that will support airport emission reductions in a cost-effective manner.

This document provides the methodology for calculating airport emission reductions that can be achieved through the displacement of conventional fuels with alternative fuels.  It provides the basis for evaluating and comparing vehicle emission levels and for calculating life-cycle costs to determine project cost effectiveness.  All project proposals must include the results of these calculations for criteria pollutants at the airport.  Applicants have some options in the choice of methodology as well as an option to estimate regional benefits that could result from the proposed project.

II.   Overview of Analytical Steps

This section is a brief summary of the process.  It describes the basic steps to completing the emissions and cost analysis that should be submitted with proposals.

1. Determine if the airport is in nonattainment for one of the six criteria pollutants to establish basic eligibility for the program.  Verify nonattainment status of the criteria pollutant(s) from the U.S. Environmental Protection Agency (EPA) or the state environmental agency.

2. Select which method(s) will be used for calculating emissions benefits.  For non-road vehicles, applicants may use either the GSEModel or the appropriate worksheet(s).  For on-road or ground-access vehicles, applicants may use either the IROAD tool or the appropriate worksheet(s).

3. Collect information needed for the selected method(s) and fill out Equipment/Vehicle Specifications Worksheet (A-0) for each vehicle or equipment type.

4. Using the selected method(s), calculate emission reductions to be achieved by the proposed low emission vehicles and equipment for carbon monoxide (CO), nitrogen oxides (NOx), hydrocarbons (HC), particulate matter (PM10), and sulfur dioxide (SO2).

5. Using the cost-effectiveness worksheets (C-1, C-2 and C-3), determine program cost-effectiveness in reducing the criteria pollutants assessed:  CO, Ozone (NOx and HC), PM10 and SO2.  The project’s cost effectiveness will be calculated in total and annual tons of emissions reduced per project dollars spent.

6. Calculate the project’s capital cost recovery and annual net operating costs or income (NOI) using the sustainability worksheets (C-3 and C-4).

III.   Data Development, Output and Verification Requirements

In general, all important project data for the analysis should be documented in the proposal.  This includes inputs, especially new data development or non-default data, and outputs for the computerized methodology and worksheets.  Sources for new data (e.g., new emission factors) should be referenced or provided. 

Below are a description of overall data and verification requirements and the recommended placement of this documentation in the proposal appendices.

· Proposal Appendix A:  Verification of airport nonattainment status and airport partnerships.

· Proposal Appendix B:  Verification of inputs, particularly alternative or non-default vehicle emission factors used for the assessment.  The documentation to be provided depends on the project, vehicle types, and the assessment method(s) used.

· Proposal Appendix C:  Emissions results from the GSEModel and/or IROAD tool and worksheets (all “A” and “B” worksheets used).

· For the GSEModel, applicants should provide print outs of the results and the “B-1” worksheet.

· For the IROAD tool, applicants should provide screenshots of the results (i.e., “Print Report” button).

· For the worksheets used, applicants should provide copies of the completed worksheets.  (“A” and “B”)

· Proposal Appendix D:  Cost calculations including all “C” worksheets (C-1, C-2, C-3 & C-4).

IV.   Evaluation of Criteria Pollutants and the Relationship to Nonattainment Status

A.   Overview of Criteria Pollutants

The EPA uses six “criteria pollutants” as indicators of air quality and potential adverse effects on human health:  carbon monoxide (CO), ground level ozone (O3), particulate matter (PM10), sulfur dioxide (SO2), nitrogen dioxide (NO2), and lead (Pb).  An area is considered to be in “nonattainment” for a particular criteria pollutant when the concentration of that pollutant exceeds levels set forth in the National Ambient Air Quality Standards (NAAQS).   If an airport is in nonattainment for more than one criteria pollutant, each will be considered separately in the technical evaluation.  The evaluation will also recognize reductions in the other criteria pollutants, as well as the total overall emission reductions at the airport.

B.   Pollutants Evaluated in the Methodology

The ILEAV methodology concentrates on emissions of CO, PM, SO2, and two ozone (O3) precursors: nitrogen oxides (NOx) and hydrocarbons (HC).
  Of these criteria pollutants, O3, CO, and PM are generally of greatest concern at airports.  The two remaining criteria pollutants, lead (Pb) and nitrogen dioxide (NO2), are not calculated in the methodology because of the small number of nonattainment areas for these pollutants.  Also, this program does not affect lead levels significantly, and NOx, which is equivalent to NO2 on a mass basis, is calculated already for its contribution to ozone.

The following table presents the relationship between pollutants assessed in the methodology and the corresponding criteria pollutant for EPA nonattainment classification.

Pollutants Assessed
in ILEAV Methodology
Corresponding Nonattainment
Criteria Pollutant

Hydrocarbons (HC)
Ozone (O3)

Nitrogen oxides (NOx)
Ozone (O3)

Carbon monoxide (CO)
Carbon monoxide (CO)

Particulate matter (PM10)
Particulate matter (PM10)

Sulfur dioxide (SO2)
Sulfur dioxide (SO2)

C.   Airport and Regional Emissions Reductions

Using the ILEAV method(s), each applicant will conduct a quantitative analysis of airport emissions for the five assessment pollutants (HC, NOx, CO, PM10 and SO2).  The findings of the analysis for each pollutant should be grouped into either level one or level two categories, depending on whether the pollutant is responsible for nonattainment status.  Definitions for level one and level two of the airport analysis are as follows:

· Level one:  Emission reductions due to the project for the criteria pollutant(s) associated with nonattainment status.  These pollutants represent the area’s most serious emissions.  

· Level two:  Emission reductions due to the project for the remaining criteria pollutant(s) (i.e., pollutants not associated with nonattainment status)

Level one and level two emission reductions will be evaluated separately and for total overall benefit.

In addition to the airport analysis, the applicant may choose to provide supplemental information (descriptive or quantitative) about project benefits that extend beyond the airport to the surrounding region.  An example is public access to the project’s refueling or recharging stations by non-project low emission fleets.  The airport must have a realistic basis for estimating the likely use of project fueling facilities by other low emission vehicles and how this generates net emission reductions for the region.

D.   Documentation of Airport Level One and Level Two Pollutants

Airport sponsors should include documentation of their nonattainment status and designation of level one and level two pollutants in the proposal as Attachment A.  Verification of nonattainment status and other information about EPA-designated criteria pollutants is available from the state environmental agency or the EPA regional office, or through information on the EPA web site: http://www.epa.gov/oar/oaqps/greenbk/oindex.html.

V.   Overview of Assessment Methods and Analysis

An applicant must conduct two analyses for the project proposal, an emission analysis and an economic analysis.  There is also one optional analysis for regional emission reductions.  Supplemental information may be provided to support these calculations (see Appendix C).

1.  Emissions Analysis

· Airport emissions reductions  (HC, NOx, CO, PM10 and SO2) resulting from low emission vehicles and equipment.  This is a comparison of the existing and alternative vehicle equipment.

2.  Economic Analysis

· Cost-effectiveness of the project for emissions reduced in total dollars per ton and annual dollars per ton.  This analysis determines the total amount of emission reductions with the ILEAV funding (i.e., the differential replacement cost of low emission vehicles versus conventional fueled vehicles).

· Economic sustainability of the project as determined by the calculation of capital cost recovery and annual net operating costs or income (NOI).

Optional Analysis

· Regional emissions reductions, documented quantitatively, using the same method(s) provided for on-road airport emissions benefits, and/or qualitatively through general description of projected benefits.

The analysis process is divided into two tracks for 1) non-road, ground support equipment (GSE); and 2) on-road, ground access vehicles (GAV).  Because of the need for consistency between these two tracks, the methodology employs an existing EPA model to evaluate GSE, the “GSEModel,” and a similar calculation process, the “IROAD tool”, that was specifically designed for this program to evaluate GAVs.  The GSEModel is an Excel spreadsheet while the IROAD tool is a Windows program.  The GSEModel and IROAD tool provide reasonable estimates of emission savings and life-cycle costs for effective comparative evaluations.

While the GSEModel and IROAD tool are considered the primary methodologies, a supplemental worksheet methodology is provided for added flexibility.  These worksheets for both GSE and GAV calculations parallel the primary computer-based methodologies.  They allow airports to refine their analysis if more specific local data are available.  Applicants are encouraged to use the GSEModel or the IROAD tool unless an applicant can properly document the use of more up-to-date emissions and cost data for a particular vehicle/equipment (from EPA Mobile 5/6, OEM data, etc.).  Regardless of whether the primary methods or worksheets are used, the applicant should stay with the method chosen for each vehicle type and all of the criteria pollutants.  The exception to this rule is that GSE SO2 emissions are not calculated in the GSEModel and therefore must be calculated using the GSE worksheet.

As noted, the analysis is divided along two tracks for GSE and GAV calculations.  There are common factors to both analyses, but also a number of unique variables.  The GSE analysis is a “load factor method” where the hours of vehicle operation are generally known.  The GAV analysis is a “fuel economy method” using available vehicle mileage information.  GSE emission factors are standardized in grams/hour (g/hr) while GAV emission factors are available in grams/mile (light-duty vehicles) or grams/brakehorsepower-hour (g/bhp-hr) (medium and heavy-duty vehicles) that are convertible to grams/mile.  Annual load factors and mileage accumulations are used to obtain total annual emissions.  The results of the GSE and GAV analyses are joined in the final cost-effectiveness calculations (see worksheets C-1, C-2, C-3) to obtain total dollars/ton and annual dollars/ton, and in the sustainability calculations (see worksheets C-3, C-4).

Projects may emphasize vehicle acquisition, infrastructure, or a combination of these measures.  The table below illustrates the methods of analysis by major elements in the process.

Elements and Methods of Analysis

Elements of Analysis
Non-road vehicles
(GSE)
On-road vehicles
(GAV)

Airport emissions (baseline and ILEV) 
· EPA GSEModel or worksheet(s) (A-1 and A-3)

· SO2 worksheet (B-1)
· ILEAV Road Tool (IROAD)
or worksheet(s) (A-2 and A-4)

Cost-effectiveness
· ILEAV cost-effectiveness worksheets (C-1, C-2, C-3)
· ILEAV cost-effectiveness worksheet (C-1, C-2, C-3)

Sustainability
· ILEAV sustainability worksheets (C-3, C-4)
· ILEAV sustainability worksheets (C-3, C-4)

Regional emissions
(optional analysis and may be descriptive)
N/A
· ILEAV Road Tool (IROAD)
or worksheet(s) (A-2 and A-4)

· SO2 worksheet (B-1)

E.   EPA GSEModel for Non-Road (GSE) Emissions and Cost Calculations

The GSEModel was prepared by Sierra Research for the EPA Office of Transportation and Air Quality.  The model estimates emission benefits from conversion of GSE to alternative fuels.  Vehicles covered are not typically equipped with an odometer and not driven on-road or regulated as on-road vehicles.

Explanation of emissions factors

The GSEModel calculates emissions from ground support equipment using an engine based emission factor in g/hp-hr, a load factor for the engine and the horsepower (HP) of the engine.  This combination results in a gram per hour emission factor that can then be applied against the annual operating hours of the equipment to calculate annual pollutant emissions.  This methodology is utilized because a significant amount of GSE operation takes place while the vehicles are stationary, resulting in less mileage accumulation.  In fact, most GSE equipment is equipped with an hour meter instead of an odometer.

The model’s emission calculations for electric vehicles account for power plant emissions.  GSE (non-road) analysis accounts for regional differences in power generation fuel sources and resulting emissions.

The GSEModel does not include SO2 emission calculations.  Therefore, each applicant must also complete worksheets A-1, A-3, and B-1 to estimate SO2 emissions reductions associated with the project’s GSE vehicles.  Examples of these and other worksheets are presented in Appendix A.

Where to find the GSEModel

The EPA is updating the GSEModel for this program.  This update, with revised emission factors, will be called the “GSEModel Federal Version” and will be available by December 1st at the following web site:  www.epa.gov/otaq/traqnew.  The updated version should be used.  For reference purposes, the current version of the GSEModel is located at:  http://www.epa.gov/orcdizux/transp/vmweb/vmairgnd.htm.  The EPA contacts are Matt Payne at (734)214-4576 and Michael Ball at (734)214-4897.
Installation and Instructions

The GSEModel includes a full set of user instructions, however, there are a few points to keep in mind when using the system:

· The model requires Windows and Microsoft Excel, and that you enable the macros.

· The operating instructions are comprehensive, and in most cases the default load factor and horsepower information should be accurate.

· Individual vehicle calculations can be saved using the menu bar [file:save], but the model itself should not be saved when closed as this will corrupt the model.  When you exit the model, Excel will prompt you to save the file.  You should answer “no” to this prompt.

· The model uses gasoline equivalent gallons (GEG) for fuel economy, unlike the IROAD tool and worksheets that use diesel equivalent gallons (DEG).

F.   IROAD Tool for On-Road (GAV) Emissions and Cost Calculations

The IROAD tool is a program designed specifically for the ILEAV program proposal submission process to calculate the emissions savings and costs of converting existing, ground access vehicle (GAV) fleets to alternative fuels.  As with the GSEModel, the tool provides a consistent evaluation methodology, combining airport specific data on usage and costs with best available emission factor data to quantify the emission benefits and calculate the cost effectiveness of an airport strategy.

The IROAD tool is a compiled program organized around a two-tab user interface.  In some cases, applicants may not wish to rely on the default data in the tool and can use the alternative worksheets provided (with documentation of emission factors).  However, worksheet users should carefully read through the emissions factor development procedure in order to avoid mistakes or inflated estimates that could jeopardize the project proposal.

Explanation of emission factors

Emission factors in the IROAD tool were generated initially from EPA emission standards for each vehicle type and model year.  EPA regulates a majority of replaceable GAVs for emissions of CO, NOx, HC and PM10.  Because SO2 is not a regulated tailpipe exhaust emission, its emission factors were determined using the sulfur content in the fuel.

Other sources for generating emission factors included the EPA emissions factor model, MOBILE5b, and in-use test data.  The emission factors used for the IROAD tool are the lower of:  1) the regulated emission standard; 2) the emission factor as estimated by MOBILE5b (for light-duty vehicles); or 3) actual in-use test data from the U.S. Department of Energy (DOE) NREL database and other technical publications (for heavy-duty vehicles).

The comparison of emission standards with emission factors predicted by MOBILE5b and actual in-use emission test data provided a “reasonableness check” on the differences that can exist between standards and actual operations.  Regulated emission standards were superceded only in cases where MOBILE5b predicted emission factors or actual in-use emission data were lower than the standards.  No changes were made (i.e., crediting) if current vehicle emission predictions or test data exceeded regulated emission standards.

Further information about the IROAD emission factors and their development is contained in Appendix B.  A list of web sites is provided below for emission factor sources: 

Emission Standards

Light-Duty Passenger Vehicles – available at:  http://www.epa.gov/otaq/stds-ld.htm
Heavy-Duty Truck and Bus Engines – available at:  http://www.epa.gov/otaq/hd-hwy.htm  &  http://www.dieselnet.com/standards/us/hd.html
Test Data

Light-Duty Passenger Vehicles – available at: http://www.afdc.nrel.gov/afv/emissions.html
Heavy-Duty Passenger Vehicles – available at: http://www.afdc.nrel.gov/afv/emissions.html
Transit Buses – available at http://www.afdc.nrel.gov/afv/emissions.html
Where to find IROAD tool

The IROAD tool is found at the FAA web site:  http://www.faa.gov/arp/app600/600home.htm
Installation and Instructions

Installation instructions for the IROAD tool are provided at the above web site in a “readme.txt” file.  The IROAD tool requires the use of a PC-compatible machine and is a compiled program that does not require Microsoft Access or Excel to operate.  The installation files are approximately 4 Mb, however once installed, the program is only about 250K and the installation files can then be discarded.  Installation of the program consists of copying the program files to a temporary directory and running the setup.exe file.  Double-clicking the setup.exe file will start the installation.  The program is installed in the directory c:/Program Files/altfuels.

Data Entry

[image: image1.wmf]The user should begin by entering data on the “Emissions” tab (see illustration below).  Simply click on the word “Emissions” at the top of the IROAD tool interface (1).  Then tab or click with the mouse to the next white input field.  Fields with a down arrow indicate that a pull down menu is available (2).  The user is required to choose one of these selections for that field.  Fields in gray (3) indicate values calculated by the tool.  Data must be entered in all white fields in order for the tool to function properly.  Once all the fields on the emissions interface are filled click on the “Calculate” button (4).  This will generate the emission output values (6).

A full description of the required input and calculated fields follows in Section VI (B-1), which also provides recommended values for specific equipment and conversion factors.  This information should be reviewed prior to using the tool.  Please note that certain entries (i.e., fuel economy and fuel cost) need to be converted to diesel equivalent gallons.  Also note that all the white fields must be filled in order for the tool to function properly. 

[image: image4.wmf]The next step is to fill in the financial information.  The user is brought to the financial interface by clicking on the “Financial” tab (5) at the top of the “Emissions” interface.  The top sections of the existing and proposed vehicle information will carry over automatically from the emissions section.  If a user changes an entry in either the emission or financial section, the scenario is considered changed and the emissions will need to be recalculated by pressing the “Calculate” button.

The default discount rate is 7% (7); however a user may change this value if it can be supported and documented.  Once data are entered in all of the fields, the user clicks on the “Calculate” button (8) to generate the bottom section of the financial interface.  Again, check to see that the values make sense as a check on data entry.  Click the “Print Report” button (9) to print either the emissions or financial report pages.  The print button only prints the visible panel.  Thus, for each scenario you must first choose the panel to be printed and then press the print button.  The output is routed to the user’s default printer.  Once again, if any data fields are changed, click the “Calculate” button again before printing.  The user should click the “Delete Scenario” button (10) if this scenario is not to be retained as part of project proposal.  The “Add Scenario” button clears the fields for the next vehicle conversion calculations, saving the previous scenario to the database.  The user can then move back and forth from entered scenarios using the arrow buttons to the left of the “Calculate” button.

Information for the Cost-Effectiveness Worksheets

The calculated emission reduction benefit is found on the bottom of the emissions interface (6).  The “Differential Costs” column for the “Net Present Value (NPV) Vehicle Capital Cost” calculation is the amount of funding that a proposed vehicle qualifies for under the ILEAV program (11).  The sustainability value, “Annual Net Operating Income” (12), indicates whether the conversion to the proposed vehicle is self-sustaining (i.e., if this value is positive, the vehicle is less expensive to own and operate over the long run than the existing vehicle).  Differential Costs (11) and emission reduction values (6) should be carried over to the Cost Calculation Worksheets provided.

G.   Alternative Worksheet Methodology for Non-Road and On-Road Calculations

If the applicant has more specific local data for emission reduction calculations, they may use the “worksheet method” in lieu of the primary and preferred methodologies, the GSEModel and the IROAD tool.  If worksheets are used, the airport sponsor must supply documentation to show that the applied vehicle emission factors do not exceed applicable standards.  For example, alternative factors might be available for new ILEVs that have lower emissions than those estimated by the IROAD tool.  Alternative factors higher than those in the IROAD tool would likely exceed the regulated standard.  Sample worksheets and instructions for their use are provided in Appendix A.

VI.   Description of Data Input/Output

H.   Non-Road (GSE)

1.  Inputs

Below is a summary table of the GSEModel Data Inputs (EPA 1999 Report, Technical Support Development of Airport Ground Support Equipment Emission Reductions, Appendix A:  GSEModel Operating Instructions, Table A-1)

Summary of GSEModel

Scenario Inputs
Internal Combustion (IC) Technology Activity & Cost Inputs
Electric Technology

Inputs

· GSE equipment category being evaluated

· The “base” or current technology used in that type of equipment

· The number of units of that type and technology being considered for conversion

· The alternative technologies to be assessed
· Annual hours of operation (of the selected equipment type)

· Expected equipment and engine life

· Purchase, replacement, operating and maintenance costs

· Discount rate assumed (for Net Present Value cost analysis)
· The amount of time (in %) that the current technology GSE equipment being evaluated is operated at idle

· Expected electric GSE equipment life and battery life

· Electric GSE purchase, replacement, operating and maintenance costs

· Power-generation utility emission rates reflective of local conditions

2.  Outputs

The GSEModel will produce a printout result for four of the assessed pollutants (SO2 emission reductions need to be determined via the worksheet method).  The following printout is an example of the output from the GSEModel.



GSE MODEL RESULTS











SCENARIO TITLE: Cost-Effectiveness Calculation Example (Baggage Tug)





EQUIPMENT CATEGORY: Baggage Tug







CURRENT TECHNOLOGY: Gas-4







NUMBER OF UNITS: 1

















Emissions (tons/year)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
1.148
-

0.382




CO
57.648
-

36.030




NOx
0.699
-

0.525




PM
0.007
-

0.006












Emission Reductions (tons/year)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
n/a
-

0.77




CO
n/a
-

21.62




NOx
n/a
-

0.17




PM
n/a
-

0.00












Emission Reductions (%)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
n/a
-

66.7%




CO
n/a
-

37.5%




NOx
n/a
-

25.0%




PM
n/a
-

16.3%












NPV Lifetime Costs ($)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric

Purchase Cost
$17,000
-

$21,000



Replacement Cost
$2,568
-

$2,568




Fuel Cost
$59,481
-

$65,058



Maintenance Cost
$47,089
-

$37,176




Total Cost
$126,139
-

$125,802












NPV Lifetime Emissions (tons)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
10.157
-

3.381




CO
510.265
-

318.916




NOx
6.190
-

4.643




PM
0.065
-

0.054



Weighted Total: Ozone
89.243


53.584












NPV Incremental Cost Savings ($)
Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric

Purchase Cost
n/a
-

-$4,000



Replacement Cost
n/a
-

$0




Fuel Cost
n/a
-

-$5,576



Maintenance Cost
n/a
-

$9,914




Total Cost
n/a
-

$337












NPV Emission Reductions (tons)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
n/a
-

6.776




CO
n/a
-

191.349




NOx
n/a
-

1.548




PM
n/a
-

0.011



Weighted Total: Ozone
n/a


35.659












Incremental Cost-Effectiveness ($/ton)
Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
n/a
-

$50




CO
n/a
-

$2




NOx
n/a
-

$218




PM
n/a
-

$32,057



Weighted Total: Ozone
n/a


$9



On-Road (GAV)

1.  Inputs

The IROAD tool displays “input” and “output” fields on its two “Emissions” and “Financial” screens.  There are two types of input fields: those entered by the user (i.e., white fields) and those derived or calculated by the tool from user-specified input and default values (i.e., gray fields).  The following section explains the input variables for the IROAD tool and the expected range of values for these inputs.

Summary of IROAD Tool

Scenario Inputs
Activity Inputs
Cost Inputs

· Airport Location

· Equipment category being evaluated, make and model year

· The “base” or current technology used in that type of equipment (fuel type and architecture)

· The number of units of that type and technology being considered for conversion

· The alternative technologies to be assessed (fuel type and architecture)


· Gross Vehicle Weight

· Engine Horsepower

· Average Duty Speed

· Vehicle Fuel Economy

· Annual Miles Driven
· Purchase, replacement, operating and maintenance costs

· Expected equipment and engine life

· Fuel Cost

Equipment Architecture of New Vehicles

Existing vehicles are assumed to be of a conventional architecture (i.e., the engine is directly coupled to the wheels via an automatic or manual transmission).  Low emission vehicles acquired under the pilot program may be conventional in design but may also represent three other basic system architectures:

Electric: vehicles that derive 100 percent of their motive energy from the electric grid via batteries.

Hybrid-Electric (series or parallel): a combination of a conventional internal combustion engine (using eligible fuels) with a battery electric drive system.  The vehicle is at least partially or completely driven by electric drive motors and has the ability to capture regenerative braking energy for load leveling.  Hybrid-electric drive vehicles that lack the ability to capture regenerative braking energy (e.g., no batteries) are classified as “dual mode” and their emissions are estimated the same way as conventional vehicles.

Fuel Cell: an electric vehicle powered by a chemical hydrogen fuel cell battery.  These vehicles may or may not be capable of capturing regenerative braking energy.

Fuel Type

All of the following fuel types are included in the IROAD tool for analysis of existing and replacement vehicles.  Only the fuels in bold in the right column may be utilized as replacement vehicles.  Please note that ethanol is not an eligible fuel for this program.

Diesel
CNG

Gasoline
LNG


LPG


Methanol 85% (M85)


Hydrogen


Electricity

Number of Vehicles 

This number signifies the number of existing vehicles of the same make, model year, fuel type and equipment category that are to be replaced.  The number of existing vehicles will carry over as the number of replacement vehicles.  This means that if a proposed project replaces two existing buses, one with a hybrid-electric diesel bus and one with a fuel cell bus, two different scenarios are required.

Model Year

The model year of the vehicle is used to determine the emissions from existing and new replacement equipment.  The model year is the emission certification year of the vehicle for light-duty vehicles and the year of actual manufacture for the engine in heavy-duty vehicles.  Existing vehicles can be chosen from 1975 to 2000 model years, while new equipment can be chosen from 2000 to 2004 model years depending upon when the replacement equipment will go into service.

Make and Equipment Category

This information helps define scenario information.  Make indicates equipment manufacturer. 

Duty Class

Light-duty vehicles are generally evaluated for emissions on a gram per mile basis and these vehicles are usually equipped with an odometer for the determination of annual miles.  For these vehicle types it is acceptable to multiply the annual mileage by the applicable regulated standard for each pollutant for existing vehicles.  For new alternative fuel vehicles, the vehicle must meet the inherently low emission vehicle (ILEV) standards to be eligible for procurement under this program.  For light-duty vehicles, ILEV is defined as meeting the low emission vehicle (LEV) standards for CO, NMHC, and PM and the ultra-low emission vehicle (ULEV) standards for NOx.  The IROAD tool uses the actual standards, however, if the airport sponsor has emissions test data showing emission levels lower than the ILEV standards, these data may be used via the worksheet method.

Heavy-duty vehicles are usually certified using an engine certification method separate from the vehicle chassis.  This is in part due to the fact that a single diesel engine design may be used in a multitude of vehicle chassis designs with weights that can vary significantly, making chassis-based certification infeasible.  As a result, heavy-duty vehicle engines (including urban bus engines) are certified to gram per horsepower hour emission standards.

Gross Vehicle Weight

[image: image5.wmf]Calculation of Project Sustainability

Sustainability refers to the ability of an alternative fuel project to sustain itself without additional capital

expenditure.  Excess capital costs are eventually recovered over the life of the vehicle via lower

fuel and maintenance costs. 

Equipment/Vehicle ID

40' Transit Bus Example

(existing - proposed)

Existing

Proposed

Difference

1

Vehicle Capital Cost

$210,000

$250,000

($40,000)

2

Vehicle Life

12

12

3

Capital Recovery Factor (C3)

0.126

0.126

4

Annual Capital Recovery Cost

$26,460

$31,500

($5,040)

5

Engine/Battery replacement cost

$10,000

$10,000

6

Engine/Battery Life

10

10

7

Engine/Battery Net Present Value*

$4,751

$4,751

8

Capital Recovery Factor (C3)***

0.126

0.126

9

Annual Capital Recovery Cost

$598.63

$598.63

$0

10

Total Capital Cost (line 4 + line 9)

$27,059

$32,099

($5,040)

11

Annual Maintenance Cost ($/year)

$5,000

$5,000

$0

12

Annual Fuel Consumption (DEG)**

10,909

11,613

13

Unit Fuel Cost ($/DEG)

$1.60

$0.68

14

Annual Fuel Cost (line 12 * line 13)

$17,454.40

$7,896.84

$9,558

15

Total O&M costs (line 11 + line 14)

$22,454

$12,897

$9,558

16

Total Annual NOI (line 10 + line 15)

$49,513

$44,995

$4,518

* Net present value represents the value of a future expense in current dollars

** Calculated by dividing Annual mileage by vehicle fuel economy (line 10 / line 8 on worksheet AO)

*** Capital recovery factor for both vehicle and engine replacement utilizes the life of the vehicle

ILEAV Calculation Worksheet (C4)

The vehicle weight for use in the IROAD tool is the gross vehicle weight rating (GVWR) which represents the maximum weight of the vehicle (i.e., vehicle fully loaded).  This value is used to determine the weight class of the vehicle and must be entered.  For heavy-duty vehicles the emission standards are largely the same for all vehicle weight classes, but a weight value is necessary to correctly classify the vehicle for the report output.

[image: image6.wmf]Vehicle Type

Fuel Type

Default Cost

Passenger Car

Gasoline

20,000.00

$             

 

Pickup Truck

Gasoline

21,000.00

$             

 

Passenger Van

Gasoline

22,000.00

$             

 

Delivery Van

Gasoline

35,000.00

$             

 

Straight Truck

Diesel

40,000.00

$             

 

Tractor Trailer

Diesel

85,000.00

$             

 

Dump Truck

Diesel

75,000.00

$             

 

Garbage Truck

Diesel

75,000.00

$             

 

Cube Van

Gasoline

30,000.00

$             

 

22' Shuttle 

Diesel

100,000.00

$           

 

30' Bus

Diesel

150,000.00

$           

 

35' Bus

Diesel

180,000.00

$           

 

40' Bus

Diesel

210,000.00

$           

 

Articulated Bus

Diesel

350,000.00

$           

 

Default Capital Costs for Existing Vehicles

Vehicle Average Duty Speed

The average duty speed of the vehicle is used within the IROAD tool to determine annual hours of vehicle operation as well as the average overall engine efficiency, which varies as a function of idle operation vs. total vehicle operation.  For example, the Central Business District (CBD) cycle, which is used to represent urban bus operation, is a two-mile cycle with a peak speed of 20 mph and duration of 10 minutes.  The average speed of the cycle is approximately 12 miles per hour (mph) (2 miles in ten minutes).  Average duty speed needs to be consistent with annual hours of operation and annual miles traveled.  The IROAD tool also assumes that the replacement vehicle will perform the same duty as the existing vehicle.
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Vehicle Fuel Economy

Because the weight of heavy-duty vehicles can vary significantly, the emission standards in gram per horsepower hour are adjusted based on the fuel economy of the vehicle, which is a function of vehicle weight and average vehicle speed.  As with other variables in the IROAD tool, average fuel economy must be consistent with other input variables.  While there are no set defaults, urban bus fuel economy is usually around 2 to 4 mpg, heavy-duty trucks are usually 6 to 8 mpg, medium light-duty trucks are usually 10 to 14 mpg, and light light-duty trucks and passenger cars are usually 16 to 24 mpg.

The IROAD tool requires that all fuel economy numbers be reported in diesel equivalent gallons (DEG).  Please use the DEG conversion factors provided in the table, which are based on Btu content of the fuel.  Electric consumption must be calculated on the basis of AC KWh from the wall.  Bear in mind that the fuel cost values for the tool are also in diesel equivalent gallons and that the cost of the alternative fuel must also be converted.  The tool relies on fuel economy calculations to accurately determine emissions.

Engine Horsepower

Engine HP is the maximum rated HP of the engine as installed in the vehicle.  Many diesel engines have different power levels for the same basic engine package depending upon the installed application.  The HP entered should be the rating for the engine actually installed in the vehicle.  Engine HP is primarily used to calculate engine load factor for heavy-duty vehicles.  If an electric vehicle is chosen to replace a conventional vehicle, the engine HP used has no effect on the calculation of emissions for the electric vehicle.  However, the engine HP for the conventional vehicle must still be entered.  Because all values are required for the tool to run, the same HP value can be entered.  Otherwise, if the actual HP of the electric drive system is known, that value can be entered.

Annual Miles Driven

[image: image8.wmf]Calculation of Annual Project Capital Costs and Capital Recovery Factor

A Capital Recovery Factor is used to calculate the annual cost of capital similar to a loan payment.

CRF is calculated using the following equation and is useful in comparing two projects with different

life spans.

CRF = (I*(1+I)

n

 / ((1+I)

n

-1)

Where "I" is the interest rate and "n" is the vehicle or equipment life

The following table includes CRF defaults for 7% discount interest rate and variable vehicle life.

Vehicle Life

3

4

5

6

7

CRF

0.381

0.295

0.244

0.210

0.186

Vehicle Life

8

9

10

11

12

CRF

0.167

0.153

0.142

0.133

0.126

Total Project Total Annual Capital Cost Recovery

ILEAV cost is 100% of the cost of infrastructure and the differential capital cost for vehicles

Equipment ID

Vehicle Life

x

ILEAV Cost

x

CRF

=

Annual Cost

Vehicle 1

12

$800,000

0.126

$100,800

Vehicle 2

12

$800,000

0.126

+

$100,800

Vehicle 3

12

$800,000

0.126

+

$100,800

Vehicle 4

12

$800,000

0.126

+

$100,800

Infrastructure

20

$800,000

0.094

+

$75,200

+

+

+

+

+

+

$4,000,000

=

$478,400

Use the total Annual value (right) in the annual financial calculations on Worksheet C2 where indicated

ILEAV Calculation Worksheet (C3)

Annual mileage is necessary for the estimation of annual emissions and needs to be consistent with the life of the vehicle and the expected vehicle lifetime mileage accumulation.  What this means is that a light-duty passenger vehicle cannot have both 50,000 mile per year annual mileage and a 10 year life.  Passenger cars and light-duty trucks typically have total lifetime mileage of 120,000 miles.  Heavy-duty vehicles are typically 10-year vehicles, however the lifetime mileage varies from 110,000 miles for light heavy-duty engines, 185,000 miles for medium heavy-duty vehicle engines to 290,000 miles for heavy heavy-duty engines.  Urban buses may have a useful lifetime mileage in excess of 435,000 miles.

Purchase Price

Default capital cost information for existing vehicles is provided in the table, “Default Capital Costs for Existing Vehicles.”  A user may enter a different value, provided support documentation is included in the proposal submission.

Replacement/Rebuilding Costs

The cost of engine and battery replacement are included in the IROAD tool so that the total lifetime costs of conventional and inherently low emission vehicles can be compared.  Light-duty vehicles typically have engine lifetimes equal to the vehicle life however in electric light-duty vehicles the battery pack may be replaced once or twice.  These costs are generally hidden in the future and need to be evaluated to truly determine whether one technology is more cost effective than another.  The cost of these replacements is accounted for in the IROAD tool.  Because these are capital items (unlike fuel and maintenance costs), the incremental cost of these replacements counts toward the total project cost.  Replacement costs for light-duty engines are typically $2,500, for light heavy-duty engines about $6,000, and for heavy-duty engines about $10,000.  Costs associated with lead acid batteries are approximately $100-$150 per kWh, nickel cadmium (NiCd) are about $120-$180 per kWh, and nickel metal hydride (NiMH) are approximately $300-$500 per kWh.  

[image: image9.wmf]Calculation of SO

2

 emission factor as a function of Sulfur ppm in fuel

This calculation is used to calculate a sulfur emission factor in gram/bhp-hr or gram/mile based on

the sulfur content of the fuel in ppm.

Example

Example

Example

Example

Diesel

Diesel

Gasoline

Gasoline

Pollutant

SO

2

SO

2

SO

2

SO

2

SO

2

Sulfur Content (ppm)

500

80

780

80

Fuel Density (lb/gal)

x

7.1

7.1

5.9

5.9

Sulfur to SO

2

 ratio

x

2

2

2

2

2

Btu per gallon

/

137,000

137,000

110,000

110,000

lb SO

2

/mmBtu

=

0.052

0.008

0.084

0.009

Btu/hp-hr

x

2,542

2,542

2,542

2,542

2,542

Engine Efficiency

/

0.28

0.25

0.25

0.25

btu / mmBtu

/

1,000,000

1,000,000

1,000,000

1,000,000

1,000,000

gram / lb

x

454

454

454

454

454

gram / hp-hr

=

0.214

0.038

0.386

0.040

DEG hp-hr / gal

x

15.1

15.1

15.1

15.1

15.1

DEG mile per gallon

/

16

16

16

16

16

gram / mile

=

0.202

0.036

0.365

0.037

ILEAV Calculation Worksheet (B1)

Fuel Cost

Fuel costs are simply the per unit fuel costs for the vehicle corrected to diesel equivalent gallon cost.  For instance, a vehicle that gets 2 miles per gallon of M85 actually gets 4.16 miles per DEG.  The cost of the gallon of M85 must also be adjusted by the conversion factor for the DEG such that if a gallon of M85 is $.50 the equivalent cost is $1.04 per DEG.

Recommended default $/DEG cost values, based on the cost conversion factors established in the fuel economy section, have been provided in the Default Fuel Costs table.

Annual Maintenance Cost

Operating and maintenance costs include annual operating costs such as oil changes, brake work, tune-ups, and tire replacements.  Annual operating and maintenance costs are entered in terms of total dollars per year.  Documentation and justification for these costs must be provided in the proposal Appendix B. 

Equipment and Engine/Battery Life

The equipment life is defined as the actual in-service life of the vehicle and is typically determined by the manufacturer.  The value is used in the IROAD tool to determine both the total and the annual emission reduction costs and to determine annual capital cost recovery of the alternative vehicle programs.  For urban transit buses this value is typically 12 years, while smaller buses and trucks are usually 5, 7 or 10-year vehicles.  Passenger cars, light- and heavy-duty trucks are typically 10-year vehicles.  The important point for estimating emissions is that the useful vehicle life needs to be reasonable and should not be estimated at unrealistic levels.  Vehicle life needs to be consistent with annual and total lifetime vehicle mileage.

The calculation for engine/battery life is similar to equipment life.  The expected life for engines is included in the mileage section.  The estimated life for lead acid batteries is about 200-400 charge/discharge cycles, the life for NiCd batteries is about 300-600 cycles, and the life for NiMH batteries is about 600-1,000 cycles.  Depending upon the duty cycle of the vehicle (number of charge/discharge cycles per day), battery life is generally 2 to 5 years. 

Annual Usage (derived input)

Average hours of operation per year is used to evaluate other input data as well as being used in the estimation of emissions based on the load factor methodology.  The tool calculates this

value.  Hours of operation must also be consistent with other input values such as average speed.  As an example average speed in miles per hour multiplied by the total hours per year should equal total miles per year.  While there are 8,760 hours in a year, a typical single shift of service represents about 2,000 hours per year for a five-day week and 2,800 hours for a seven-day week.

Annual Fuel Use (derived input)

Annual fuel consumption is calculated by the IROAD tool as a function of the other input variables and should be reflective of actual vehicle operation.

Discount Rate

The discount rate is used to determine the annual opportunity cost of capital money spent today over its potential value in the future.  A default value of 7% has been established.  The user may change this value if proper supporting documentation for the alternate rate is provided.  

2.  Outputs

The following is a description of the outputs generated by the IROAD tool.

Existing vs. Proposed Vehicle Emissions

The IROAD tool will calculate the difference in emissions of the five assessed pollutants for the existing vehicle(s) versus the proposed vehicle(s).  Note that these outputs are required to complete the cost-effectiveness worksheets. 

Net Present Value of Capital Costs

The IROAD tool calculates the net present value (NPV) (i.e., current dollars) of the initial purchase cost and replacement/rebuilding costs.  The differential capital cost between two vehicles is simply the price difference.  This cost difference is the amount that ILEAV funds can be used to offset.  There are three cost calculations that will be performed as part of the proposal process.  One is total capital cost divided by total lifetime project tons of emissions reduced, and a second is annual project capital cost recovery divided by the total annual tons of emissions reduced.  The third cost calculation is a NPV analysis that compares the differential capital cost as well as the annual operating, maintenance and fuel costs for the vehicles in question.

Capital Recovery Factor

The EPA Office of Air Quality Planning and Standards (OAQPS) cost control manual (EPA 453/b-96-001) defines a Capital Recovery Factor (CRF) for the recovery of equipment cost as:

CRF = (i*(1+i)n) / ((1+i)n –1)

where “i” is the discount interest rate and “n” is the equipment economic life. 

Annual Vehicle Cost for Capital Recovery 

CRC = CRF * vehicle cost

Annual Capital Recovery Cost (CRC) is then defined as the total cost of the equipment multiplied by the CRF.  Its value is similar to one’s car loan payment (i.e., a standard monthly/annual payment over the time period to cover the project’s costs).  The differential capital recovery cost can also be determined in this manner by multiplying the differential cost of the vehicle by the CRF.  Calculation of an annual capital recovery cost then gives the applicant an annual capital number that can be divided by the annual tons reduced as a result of the program.

Annual Fuel and Maintenance Costs

This calculation is simply the annual fuel usage multiplied by the fuel cost, plus the user’s input of annual maintenance costs.  It is used to determine future operating costs of existing and replacement vehicles.

Cost Calculations

I.   Cost Effectiveness Worksheets (C-1, C-2, C-3)

Worksheets C1, C2, and C-3 are an important aspect to the ILEAV proposal process, as they determine the overall cost effectiveness of the proposed emission reductions.  Both require that the emission reductions from proposed equipment/vehicle conversions have been completed.  The annual emission tons calculated from the GSEModel,  IROAD tool or the worksheets need to be completed before starting the cost effectiveness worksheets.

Calculation of Dollars Per Ton

The total capital project cost for this analysis can be as much as $4,000,000 (federal plus local matching shares).  The $4 million calculation factor should not be exceeded in the “C” worksheets even if the local matching contributions exceed $2 million dollars (50% of the project).  Worksheet C1 calculates total project reductions in the first section.  The ozone, PM, CO, and SO2 cost effectiveness sections take into consideration the emissions in terms of nonattainment status.  The total number of tons of emission reductions is divided into the total capital project cost (e.g., $4,000,000) for the cost effectiveness value.

Calculation of Annual Dollars Per Ton

The total annual project dollar per ton per year is calculated by applying the total annual capital recovery costs for the project by the total annual differential tons reduced by the project.

J.   Sustainability (NPV) Worksheets (C-3, C-4)

While the capital cost of a low emission vehicle could be quite higher than its conventional counterpart, its operating and maintenance (O&M) and fuel costs could be quite lower, offsetting the higher initial capital cost over time.  If the annual O&M and fuel cost savings are greater than the differential annual capital recovery cost then the vehicle will have a return on investment (ROI) that is less than the life of the vehicle.  Vehicles in this category are considered more sustainable than a more expensive vehicle that has lower operating costs but not to the extent that they actually offset the higher initial capital investment before the equipment is retired.  Vehicles that are both more expensive to purchase and more expensive to operate than conventional vehicles are not generally considered sustainable unless the emission reductions are very significant.  The reasoning is that as equipment reaches the end of its life, users are likely to revert back to conventional equipment to save additional operating costs.  Sustainable equipment that has a good return on investment generates income that can be used for future reinvestment.

Appendix A.   Sample Worksheets and Instructions

In addition to the GSEModel and the IROAD tool, this guidance includes a set of worksheets that can be used to estimate emission reductions from alternative vehicle procurements.  The set consists of eleven worksheets:  A0-A4, B1-B2 and C1-C4.  The “A” worksheets are used for actual emission calculations, the “B” worksheets are used to calculate various emission, load and correction factors, and the “C” worksheets are used to calculate cost effectiveness and sustainability.

The “A” worksheets are optional in certain cases and can be used in lieu of either the GSEModel or the IROAD tool.  The “B” and “C” worksheets should be included in all applications.  Worksheet AO is a data sheet where information about the vehicle or equipment is recorded.  At least one AO worksheet needs to be prepared for each vehicle type proposed.

Worksheets A1 and A3 are based on a load factor method and are used for off-road (airside) equipment with A1 used for replacing GSE equipment with alternative fuel conventional architecture equipment and A3 used for replacing GSE equipment with battery electric equipment.  Worksheets A2 and A4 are based on a fuel economy method and are used for on-road (ground-side) equipment with A2 used for replacing GAVs with alternative fuel GAVs and A4 used for replacing GAVs with battery electric vehicles.  No specific worksheets are provided for light duty passenger vehicles where the emission factors are provided in grams per mile.  In these instances, worksheets A2 and A4 may be used inserting the emission factor in line 5 and ignoring lines 2 and 3 on the worksheet.

Worksheets B1 and B2 are used to calculate SO2 emission factors, load factors, and correction factors respectively.  As the GSEModel does not calculate SO2 emission reductions, worksheet B1 must be used to generate an SO2 emission factor that can then be used on worksheet A1 or A3 to estimate emissions.  Worksheet B2 must also be completed to document load factors used in worksheets A1 and A3 and NOx and PM correction factors used in worksheets A2 and A4.

Worksheet C1 is used to calculate total project cost effectiveness while worksheet C2 is used to calculate annual project cost effectiveness.  Worksheet C3 is used to document both total project capital cost as well as annual project capital recovery costs.  The information from worksheet C3 is used in each of the other three “C” worksheets.  Because C1, C2 and C3 are summary worksheets, only one of each sheet is likely to be needed.  Worksheet C4 is a sustainability calculation and, therefore, a C4 worksheet needs to be prepared for each vehicle type.

Which worksheet should be used?

“A” category worksheets are used for emission reduction quantification.  Worksheet A0 is used to provide vehicle and equipment specifications.  For each type of equipment and vehicle, an A0 worksheet is required.  Use of worksheets A1 and A2 depend on the type of information available.  Engine horsepower and load factor are needed for A1; fuel economy and annual mileage are required for A2.  Worksheets A3 and A4 should be used when the proposed equipment/vehicle is electric powered. 

Worksheet B1 is used for SO2 emission factor calculations and needs to be used for scenarios that utilize the GSEModel or worksheet method.  Worksheet B2 calculates engine load factor and contains a correction factor for heavy-duty vehicles when utilizing worksheets in lieu of the computer tools.

Worksheet
Category
Existing
Proposed
Required Information

A1, B1 and B2
On-road and off-road vehicles 
Any fuel type except electric
ILEAV qualifying fuel except electric
Engine HP, load factor, annual operation, emission factor

A2, B1 and B2
On-road vehicles

Any fuel type except electric
ILEAV qualifying fuel except electric
Fuel economy, annual mileage, emission factor

A3 and B1
Equipment converting to electric
Any fuel type except electric
Electric
Existing equipment: Engine HP, load factor, annual operation, emission factor; Proposed equipment: electric consumption, utility efficiency, emission factor, annual hours of operation 

A4, B1 and B2
Vehicles converting to electric*
Any fuel type except electric
Electric
Existing vehicle: fuel economy, annual mileage, emission factor; Proposed vehicle: electric consumption, utility efficiency, emission factor, annual mileage

B1
Use with worksheet A1, A2, A3 and A4
Any fuel type 
ILEAV qualifying fuel 
Sulfur content, fuel density, Btu per gallon 

B2
Use with worksheet A1 and A3
Any fuel type except electric
ILEAV qualifying fuel except electric
Fuel economy and duty speed or fuel use, engine HP

“C” worksheets are used after the emission reduction benefits have been calculated either with the primary model/tool methodology or via worksheets.  Worksheets C1 and C2 are used to determine the cost-effectiveness of the proposed strategies.  Worksheet C3 is used to calculate total annual value needed to complete Worksheet C2.  Worksheet C4 is used to provide an estimate of the financial sustainability of the proposed strategy.

How to use the worksheets

A0

User fills out the worksheet to provide information regarding the existing and proposed equipment/vehicles.  Further details on the individual fields are provided in the preceding guidance.  Please note that not all fields may apply to each scenario.  For example, non-road (GSE) equipment requires line 11 (annual hours of operation), but not line 10 (annual miles).  For further guidance, review worksheets A1 and A2 for the types of information needed.

A1

User provided information includes:

Line 1/10. Vehicle/Equipment ID used to identify the scenario.

Line 2/11. Engine HP is information that the user should have received from the manufacturer. 

Line 3/12. Load factor is calculated using Worksheet B2.

Line 4/13. Annual operation is airport specific information.

Line 5/14. Emission factor can be manufacturer provided specifications, in-use testing data or equipment/vehicle standard.  Note heavy-duty vehicles emission factors need to be corrected to account for idle time.  Worksheet B2 contains a calculation for the correction factor, which should be applied to the emission factor prior to entering it on the worksheet.  Note the emission factors cannot exceed the emission standard.

Line 6/15. Indicates the number of existing vehicles of the same fuel type and technology to under consideration for conversion.  

Lines 2 through 6 are multiplied together and then divided by lines 7 and 8 to convert into the correct units.  Lines 11 through 15 are multiplied together and then divided by lines 16 and 17 to convert into the correct units.

Line 19 is calculated by subtracting line 18 from line 9.

Line 20 is the vehicle/equipment life.

Line 21 is calculated by multiplying line 19 by line 20.

Emissions for each pollutant are calculated in this manner.  In most cases, an emission factor of SO2 is unavailable from manufacturers and there are no regulated standards.  Users should use Worksheet B1 to calculate the SO2 emission factor.

A2

User provided information includes:

Line 1/10. Vehicle/Equipment ID used to identify the scenario.

Line 2/11. Worksheet provided value. 

Line 3/12. Fuel economy may be manufacturer provided or in-use determined.  It must be converted into diesel equivalent gallons.  See Section VI under “Fuel Cost.”

Line 4/13. Annual mileage is airport specific information.

Line 5/14. Emission factor can be manufacturer provided specifications, in-use testing data or equipment/vehicle standard.  Note heavy-duty vehicles need to be corrected to account for idle time.  Worksheet B2 contains a calculation for the correction factor, which should be applied to the emission factor prior to entering it on the worksheet.  Note the emission factors cannot exceed the emission standard.

Line 6/15. Indicates the number of existing vehicles of the same fuel type and technology to under consideration for conversion.  

Divide line 2 by line 3 and multiply lines 4 through 6 and then divided by lines 7 and 8 to convert into the correct units.  Divide line 11 by line 12 and multiply lines 13 through 15 and then divide by lines 16 and 17 to convert into the correct units.

Line 19 is calculated by subtracting line 18 from line 9.

Line 20 is the vehicle/equipment life.

Line 21 is calculated by multiplying line 19 by line 20.

Emissions for each pollutant are calculated in this manner.  In most cases, an emission factor of SO2 is unavailable from manufacturers and there are no regulated standards.  Users should use Worksheet B1 to calculate the SO2 emission factor.

A3

User provided information includes:

Line 1/10. Equipment ID used to identify the scenario.

Line 2. Engine HP is information that the user should have received from the manufacturer. 

Line 3. Load factor is calculated using Worksheet B2.

Line 4. Annual operation is airport specific information.

Line 5. Emission factor can be manufacturer provided specifications, in-use testing data or equipment/vehicle standard.  Worksheet B2 contains a calculation for the correction factor, which should be applied to the emission factor prior to entering it on the worksheet.  Note the emission factors cannot exceed the registered emission standard for that vehicle.

Line 6. Indicates the number of existing vehicles of the same fuel type and technology to under consideration for conversion.  

Lines 2 through 6 are multiplied together and then divided by lines 7 and 8 to convert into the correct units.  

Line 11. Electricity consumption is information that the user should have received from the manufacturer.  It should be calculated on the basis of AC KWh from the wall.

Line 12. Utility efficiency is calculated 

Line 13. Worksheet provided value

Line 14. Emission factor is the local utility emission factor.

Line 15. Indicates the number of proposed vehicles of the same fuel type and technology 

Line 16. Annual operation is airport specific information.

Lines 11 through 15 are multiplied together and then divided by lines 16 and 17 to convert into the correct units.  Divide line 11 by line 12 and multiply lines 13 through 16 and then divide by line 17 to convert into the correct units.

Line 19 is calculated by subtracting line 18 from line 9.

Line 20 is the vehicle/equipment life.

Line 21 is calculated by multiplying line 19 by line 20.

Emissions for each pollutant are calculated in this manner.  In most cases, an emission factor of SO2 is unavailable from manufacturers and there are no regulated standards.  Users should use Worksheet B1 to calculate the SO2 emission factor.

A4

User provided information includes: 

Line 1/10. Vehicle/Equipment ID used to identify the scenario.

Line 2. Worksheet provided value. 

Line 3. Fuel economy may be manufacturer provided or in-use determined.  It must be converted into diesel equivalent gallons.  See Section VI under “Fuel Cost.”

Line 4. Annual mileage is airport specific information.

Line 5. Emission factor can be manufacturer provided specifications, in-use testing data or equipment/vehicle standard.  Note heavy-duty vehicles need to be corrected to account for idle time.  Worksheet B2 contains a calculation for the correction factor, which should be applied to the emission factor prior to entering it on the worksheet.  Note the emission factors cannot exceed the emission standard.

Line 6. Indicates the number of existing vehicles of the same fuel type and technology to under consideration for conversion.  

Divide line 2 by line 3 and multiply lines 4 through 6 and then divide by lines 7 and 8 to convert into the correct units.

Line 11. Electricity consumption is information that the user should have received from the manufacturer.  It should be calculated on the basis of AC KWh from the wall.

Line 12. Utility efficiency is calculated. 

Line 13. Worksheet provided value.

Line 14. Emission factor is the local utility emission factor.

Line 15. Indicates the number of proposed vehicles of the same fuel type and technology. 

Line 16. Annual operation is airport specific information.

Lines 11 through 15 are multiplied together and then divided by lines 16 and 17 to convert into the correct units.  Divide line 11 by line 12 and multiply lines 13 through 16 and then divide by line 17 to convert into the correct units.

Line 19 is calculated by subtracting line 18 from line 9.

Line 20 is the vehicle/equipment life.

Line 21 is calculated by multiplying line 19 by line 20.

Emissions for each pollutant are calculated in this manner.  In most cases, an emission factor of SO2 is unavailable from manufacturers and there are no regulated standards.  Users should use Worksheet B1 to calculate the SO2 emission factor.

B1

Sulfur content values are provided in Appendix B.  This value is multiplied by fuel density (user provided) times 2 (worksheet provided conversion) and divided by the Btu content per gallon of fuel.  Depending upon which worksheet is being used, the user continues on to section 2 to convert the emission factor to gram/bhp-hr (A1) and to sections 2 and 3 for gram/mile (A2).  Engine efficiency is a user provided value.

B2

Engine load factor calculations for both vehicles and equipment utilize values such as fuel economy, average duty cycle, and engine HP.  Vehicle engine load factor is DEG (a worksheet given value) that is divided by fuel economy, multiplied by average duty speed and divided by engine HP.  Equipment engine load factor is DEG (a worksheet given value) that is divided by fuel use and divided by engine HP.

C1

This worksheet requires that the user has completed the emission reduction calculations for the entire proposed project.  For each scenario (i.e., each unique equipment/vehicle conversion) enter the total estimated emission reductions under the heading Total Project Reductions.  This is either line 21 of worksheet A1 - A4 or model/tool-calculated emission reductions multiplied by vehicle life.  Total all the scenario emission reductions to determine the total project emission reductions.

Enter these total values in the appropriate field in the cost effectiveness sections and multiply by each individual pollutant’s weight factor.  Sum these weighted reductions for the estimated total project emission reductions and divide into $4 million (or less), based on the combined total of the federal grant and the local matching contribution ($4M = $2M federal and $2M airport).  This calculation will determine the dollar per ton reductions for pollutants.

C2

This worksheet requires that the user has completed the emission reduction calculations for the entire proposed ILEAV project.  For each scenario (i.e., each unique equipment/vehicle conversion) enter the annual estimated emission reductions under the heading Total Project Reductions.  This is either line 19 of worksheet A1 - A4 or the model/tool-calculated annual emission reductions.  Total all the annual scenario emission reductions for the total annual project emission reductions.

Enter these total values in the appropriate field in the cost effectiveness sections and multiply by each individual pollutant’s weight factor.  Sum these weighted reductions for the estimated annual scenario emission reductions and divide into the annual project cost value from worksheet C3 to determine the dollar per ton pollutant reduction per year.

C3

Equipment ID is the vehicle or equipment name that identifies this scenario.  The ILEAV cost is the differential price between the purchase of the existing type of equipment/vehicle and the alternative vehicle (i.e., capital costs only).  Infrastructure costs for alternative vehicles are also included in this sections, as they qualify for funding.  The CRF is provided at the top of the worksheet.  Vehicles expected to last longer than 12 years should default to the 12-year value.  Calculate total annual value by multiplying vehicle life by the ILEAV program cost and the CRF value for each scenario/infrastructure project.

C4

Equipment/Vehicle ID identifies the scenario under review.  The right hand column of line 1 should equal the ILEAV Cost as listed on worksheet C3.  The capital recovery factor and vehicle life are listed also on worksheet C3.  The formula for line 7, net present value of the engine/battery cost is:

NPV = 
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where “y” is each year until “n” equipment/vehicle economic life and “i” is discount interest rate, which has been set at 7 percent for the ILEAV proposal.  For example:


1
2
3
4
5
6
7
8
9
10
11
12
Total

Cost
$0
$0
$0
$0
$0
$0
$0
$0
$0
$10,000
$0
$0
$10,000

NPV
$0
$0
$0
$0
$0
$0
$0
$0
$0
$5,083
$0
$0
$5,083

Line 9 is line 7 multiplied by line 8.  Annual maintenance and fuel costs are in actual costs and are not discounted.  Users should note that fuel estimates must be converted into diesel equivalent gallons.  Instructions on this calculation are provided under Section VI, B-1.   Line 14 is calculated by multiplying line 12 by line 13.  Total operating and maintenance costs (line 15) is calculated by adding line 11 and line 14.  Line 16 is calculated by adding line 10 and line 15.

[image: image10.wmf]Replacement of Conventional Vehicles with Electric Vehicles

This calculation can be used to estimate emissions from electric vehicles utilizing energy consumption

of the electric vehicle and local fossil fuel utility emission factors.

Existing Vehicle (Conventional)

1

Vehicle ID

Example

Pollutant

NOx

HC

CO

PM

SO

2

2

DEG (Hp-hr/gal output)

15.1

15.1

15.1

15.1

15.1

3

Fuel Economy (DEG mpg)

/

3.5

4

Annual Mileage (mile/yr)

x

36000

5

Emission Factor (g/bhp-hr)

x

7.4

6

Number of Vehicles

x

20

7

Grams per pound

/

454

454

454

454

454

8

Pounds per ton

/

2000

2000

2000

2000

2000

9

Tons per year

=

25.32

Proposed Vehicle (Electric)

10

Vehicle ID

Example

Pollutant

NOx

HC

CO

PM

SO

2

11

Electric Economy (kWh/mi)

3.3

12

Utility Efficiency (0.0 - 1.0)

/

0.3

13

Conversion (mmBtu/kWh)

x

0.003412

0.003412

0.003412

0.003412

0.003412

14

Emission Factor (lb/mmBtu)

x

0.25

15

Number of Vehicles

x

20

16

Annual Mileage (mile/yr)

x

36000

17

Pounds per ton

/

2000

2000

2000

2000

2000

18

Tons per year

=

3.378

Example

NOx

HC

CO

PM

SO

2

19

Net Emission Reduction (tpy)

21.94

20

Vehicle Life (yrs)

x

12

21

Total Project Reductions (tons)

=

263.25

ILEAV Calculation Worksheet (A4)



[image: image11.wmf]Replacement of Conventional Equipment with Electric

This calculation can be used to estimate emissions from electric energy consumption for GSE equipment

and local fossil fuel utility emission factors.

Existing Equipment (Conventional)

1

Equipment ID

Example

Pollutant

NOx

HC

CO

PM

SO

2

2

Engine Power (HP)

350

3

Load Factor (0.0 - 1.0)

x

0.15

4

Annual Operation (hr/yr)

x

2800

5

Emission Factor (g/bhp-hr)

x

4

6

Number of Vehicles

x

20

7

Grams per pound

/

454

454

454

454

454

8

Pounds per ton

/

2000

2000

2000

2000

2000

9

Tons per year

=

12.95

Proposed Vehicle Type (Electric Equipment)

10

Equipment ID

Example

Pollutant

NOx

HC

CO

PM

SO

2

11

Electric Consumption (kWh/hr)

39

12

Utility Efficiency (0.0 - 1.0)

/

0.3

13

Conversion (mmBtu/kWh)

x

0.003412

0.003412

0.003412

0.003412

0.003412

14

Emission Factor (lb/mmBtu)

x

0.25

15

Number of Units

x

20

16

Annual Hours (hr/yr)

x

2800

17

Pounds per ton

/

2000

2000

2000

2000

2000

18

Tons per year

=

3.10

Example

NOx

HC

CO

PM

SO

2

19

Net Emission Reduction (tpy)

9.85

20

Vehicle Life (yrs)

x

12

21

Total Project Reduction (tons)

=

118.16

ILEAV Calculation Worksheet (A3)



[image: image12.wmf]Fuel Economy Emission Estimate Calculation

This calculation can be used to estimate emissions from on-road vehicles where the fuel economy,

annual mileage and emission factor in grams/bhp-hr or gram/mile is known.

Existing Vehicle Type

1

Vehicle ID

Example

Pollutant

NOx

HC

CO

PM

SO

2

2

DEG (Hp-hr/gal output)

15.1

15.1

15.1

15.1

15.1

3

Fuel Economy (DEG mpg)

/

3.5

4

Annual Mileage (mile/yr)

x

36000

5

Emission Factor (g/bhp-hr)

x

7.4

6

Number of Vehicles

x

20

7

Grams per pound

/

454

454

454

454

454

8

Pounds per ton

/

2000

2000

2000

2000

2000

9

Tons per year

=

25.32

Proposed Vehicle Type

10

Vehicle ID

Example

Pollutant

NOx

HC

CO

PM

SO

2

11

DEG (Hp-hr/gal output)

15.1

15.1

15.1

15.1

15.1

12

Fuel Economy (DEG mpg)

/

3.1

13

Annual Mileage (mile/yr)

x

36000

14

Emission Factor (g/bhp-hr)

x

3.3

15

Number of Vehicles

x

20

16

Grams per pound

/

454

454

454

454

454

17

Pounds per ton

/

2000

2000

2000

2000

2000

18

Tons per year

=

12.93

Example

NOx

HC

CO

PM

SO

2

19

Net Emission Reduction (tpy)

12.38

20

Vehicle Life (yrs)

x

12

21

Total Project Reduction (tons)

=

148.61

ILEAV Calculation Worksheet (A2)



[image: image13.wmf]Load Factor Emission Estimate Calculation

This calculation can be used to estimate emissions from  off-road equipment utilizing an emission

factor in grams/bhp-hr, engine HP, load factor (from B2 worksheet) and annual hours of operation.

Existing Equipment Type

1

Equipment ID

Example

Pollutant

NOx

HC

CO

PM

SO

2

2

Engine Power (HP)

350

3

Load Factor (0.0 - 1.0)

x

0.15

4

Annual Operation (hr/yr)

x

2800

5

Emission Factor (g/bhp-hr)

x

4

6

Number of Vehicles

x

20

7

Grams per pound

/

454

454

454

454

454

8

Pounds per ton

/

2000

2000

2000

2000

2000

9

Tons per year

=

12.95

Proposed Equipment Type

10

Equipment ID

Example

Pollutant

NOx

HC

CO

PM

SO

2

11

Engine Power (HP)

330

12

Load Factor (0.0 - 1.0)

x

0.16

13

Annual Operation (hr/yr)

x

2800

14

Emission Factor (g/bhp-hr)

x

1.8

15

Number of Vehicles

x

20

16

Grams per pound

/

454

454

454

454

454

17

Pounds per ton

/

2000

2000

2000

2000

2000

18

Tons per year

=

5.86

Example

NOx

HC

CO

PM

SO

2

19

Net Emission Reduction (tpy)

7.09

20

Vehicle Life (yrs)

x

12

21

Total Project Reduction (tons)

=

85.08

ILEAV Calculation Worksheet (A1)



[image: image14.wmf]Calculation of Engine Load Factor

This calculation can be used to estimate the load factor for a vehicle or equipment engine for subsequent

use in emission calculations

Vehicle

Vehicle ID

Example

DEG (Hp-hr/gal output)

15.1

15.1

15.1

15.1

15.1

Fuel Economy (DEG mpg)

/

3.3

Average Duty Speed (mph)

x

12.0

Engine HP

/

350

Vehicle Engine Load Factor

=

0.16

Equipment

Equipment ID

Example

DEG (Hp-hr/gal output)

15.1

15.1

15.1

15.1

15.1

Fuel Use (DEG gal/hr)

x

2

Engine HP

/

200

Equipment Engine Load Factor

=

0.15

Calculation of Emission Correction Factor for NOx and PM

This calculation is used to adjust the g/bhp-hr emission factor to reflect actual in-use NOx and PM 

emission levels.  This factor is only applied to NOx and PM and should not be used for CO, HC and SO

2

.

The use of the correction factor is limited to heavy duty on-road equipment such as buses that spend

significant in-use operation at idle. This type of operation substantially reduces the effective efficiency of the

engine and results in emission levels in excess of that typically estimated utilizing federal emission standards.

The correction factor should be used on both the existing and the proposed vehicle emission calculation.

Correction Factor = (2 - LF) where LF is the engine load factor.

Example

Fixed Variable

2.00

2.00

2.00

2.00

2.00

Load Factor (above)

-

0.15

Correction Factor

=

1.85

ILEAV Calculation Worksheet (B2)



[image: image15.wmf]Calculation of Total Project $/Ton

This sheet is used to calculate the total project effectiveness in $/Ton

Total Project Reductions

(Taken from line 21 of the Worksheet or GSEModel / IROAD tool output multiplied by the vehicle life)

Example

GSE/GAV

# Units

Equip. ID

NOx

HC

CO

PM

SO

2

GAV

20

Vehicle 1

85.08

GAV

20

Vehicle 2

+

148.61

GSE

20

Vehicle 3

+

118.16

GSE

20

Vehicle 4

+

263.25

+

+

+

+

+

Total Emission Reductions

=

615.10

(tons)

Ozone Cost Effectiveness

Project Tons

Wt. Factor

Tons

NOx Tons

615.10

x

1.00

=

615.1

Level 1 or 2

HC Tons

x

1.00

=

Total Weighted Project Ozone

$4,000,000

/

615.1

=

$6,503

$/ton Ozone

PM Cost Effectiveness

Project Tons

Total Cost

Tons

Level 1 or 2

Total Weighted Project PM

$

/

=

$/ton PM

CO Cost Effectiveness

Project Tons

Total Cost

Tons

Level 1 or 2

Total Weighted Project CO

$

/

=

$/ton CO

SO

2

 Cost Effectiveness

Project Tons

Total Cost

Tons

Level 1 or 2

Total Weighted Project SO

2

$

/

=

$/ton SO

2

ILEAV Calculation Worksheet (C1)



[image: image16.wmf]Calculation of Total Annual $/Ton

This sheet is used to calculate the total annual reduction effectiveness in $/ton/year

Total Project Reductions

(Taken from line 19 of the Worksheet or GSEModel / IROAD tool output)

GSE/GAV

# Units

Equip. ID

NOx

HC

CO

PM

SO

2

GAV

20

Vehicle 1

7.09

GAV

20

Vehicle 2

+

12.38

GSE

20

Vehicle 3

+

9.85

GSE

20

Vehicle 4

+

21.94

+

+

+

+

+

Total Emission Reductions

=

51.26

(tons)

Ozone Cost Effectiveness

Annual Tons

Wt. Factor

Tons

Level 1 or 2

NOx Tons

51.26

x

1.00

=

51.26

HC Tons

x

1.00

=

Ozone

Total Annual Project Cost (worksheet C3)

$478,400

/

51.26

=

$9,333

$/ton/year

Level 1 or 2

PM Cost Effectiveness

Annual Tons

Wt. Factor

Tons

PM Tons

x

1.00

=

PM

Total Annual Project Cost (worksheet C3)

$

/

=

$/ton/year

Level 1 or 2

CO Cost Effectiveness

Annual Tons

Wt. Factor

Tons

CO Tons

x

1.00

=

CO

Total Annual Project Cost (worksheet C3)

$

/

=

$/ton/year

Level 1 or 2

SO

2

 Cost Effectiveness

Annual Tons

Wt. Factor

Tons

SO

2

 Tons

x

1.00

=

SO

2

Total Annual Project Cost (worksheet C3)

$

/

=

$/ton/year

ILEAV Calculation Worksheet (C2)



[image: image17.wmf]Equipment/Vehicle Specifications

One individual AO worksheet should be filled out for each vehicle type that is proposed.

The equipment/vehicle ID may be text or numeric provided it is used consistently.

Existing Equipment/Vehicle Type

1

Equipment/Vehicle ID

e.g. "TUG001"

2

Fuel type

e.g. diesel, gasoline

3

Model year

4

Make

5

Vehicle type

e.g. 40' transit bus

6

Gross vehicle weight (lbs)

7

Average duty speed (mph)

8

Avg. fuel economy (DEG mpg)

diesel equivalent gallons

9

Engine HP rating

10

Annual mileage (mi/yr)

11

Annual hours of operation

Proposed Equipment/Vehicle Type

12

New vehicle architecture

e.g. conventional, hybrid

13

Fuel type

e.g. CNG, LNG

14

Model year

15

Make

16

Vehicle type

same as line 5

17

Gross vehicle weight (lbs)

18

Average duty speed (mph)

same as line 7

19

Avg. fuel economy (DEG mpg)

diesel equivalent gallons

20

Engine HP rating

21

Annual mileage (mi/yr)

22

Annual hours of operation

23

Equipment Life

e.g. 12 year bus

ILEAV Worksheet (AO)







Notes for GSEModel in reference to “C” worksheets

The column numbers referenced by arrow #1 should be multiplied by the equipment life and entered on Worksheet C1.  These same numbers are also used on Worksheet C2, but are not multiplied by equipment life before being entered.  The differential purchase price and replacement costs are eligible for ILEAV funding (see arrow #2).  These numbers should be entered on C3.



GSE MODEL RESULTS











SCENARIO TITLE: Cost-Effectiveness Calculation Example (Baggage Tug)





EQUIPMENT CATEGORY: Baggage Tug







CURRENT TECHNOLOGY: Gas-4







NUMBER OF UNITS: 1

















Emissions (tons/year)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
1.148
 

0.382




CO
57.648
-

36.030




NOx
0.699
-

0.525




PM
0.007
-

0.006












Emission Reductions (tons/year)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
n/a
-

0.77




CO
n/a
-

21.62




NOx
n/a
-

0.17




PM
n/a
-

0.00












Emission Reductions (%)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
n/a
-

66.7%




CO
n/a
-

37.5%




NOx
n/a
-

25.0%




PM
n/a
-

16.3%












NPV Lifetime Costs ($)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric

Purchase Cost
$17,000
-

$21,000



Replacement Cost
$2,568
-

$2,568




Fuel Cost
$59,481
-

$65,058



Maintenance Cost
$47,089
-

$37,176




Total Cost
$126,139
-

$125,802












NPV Lifetime Emissions (tons)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
10.157
-

3.381




CO
510.265
-

318.916




NOx
6.190
-

4.643




PM
0.065
-

0.054



Weighted Total: Ozone
89.243


53.584












NPV Incremental Cost Savings ($)
Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric

Purchase Cost
n/a
-

-$4,000



Replacement Cost
n/a
-

$0




Fuel Cost
n/a
-

-$5,576



Maintenance Cost
n/a
-

$9,914




Total Cost
n/a
-

$337












NPV Emission Reductions (tons)

Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
n/a
-

6.776




CO
n/a
-

191.349




NOx
n/a
-

1.548




PM
n/a
-

0.011



Weighted Total: Ozone
n/a


35.659












Incremental Cost-Effectiveness ($/ton)
Current

Alternative Technologies





Gas-4

LPG
CNG
Diesel
Electric


HC
n/a
-

$50




CO
n/a
-

$2




NOx
n/a
-

$218




PM
n/a
-

$32,057



Weighted Total: Ozone
n/a


$9



Appendix B.   Background Information on Emission Factors Used for IROAD Tool

Emission Factor Development

Emission factors in the IROAD tool were initially generated from U.S. Environmental Protection Agency (EPA) emission standards for each vehicle type for each model year.  Motor vehicle pollutants currently regulated by EPA include carbon monoxide (CO), oxides of nitrogen (NOx), hydrocarbons (HC) and particulate matter (PM).  Sulfur dioxide (SO2) is not a regulated tailpipe exhaust emission from motor vehicles but is important to consider because both diesel and gasoline fuels contain sulfur, which is converted to SO2 during combustion.  Vehicles manufactured before the promulgation of an emission standard default to the first applicable emission standard for that vehicle type.  However, one cannot assume that model year regulatory emission levels are indicative of real-world operation.  Therefore, the emission standards were compared to emission factors predicted by EPA’s MOBILE5b motor vehicle emission factor model and actual in-use emission test data to determine whether the vehicles in question were operating above, at or below the relevant standard.  Only in cases where the MOBILE5b predicted emission factors or the actual in-use emission data were lower than the emission standards were they superceded.  No emission credit was given for vehicles that had emissions greater than the emission standard (i.e., were exceeding the regulated levels).  In other words, credit is not given for excess emissions resulting from poorly maintained equipment.

Federal Emission Standards

Applicable EPA emission standards are published in 40 CFR 86 and 40 CFR 88.  Portions of the regulation can be found summarized in Transportation Energy Data Book, Federal and California Exhaust and Evaporative Emission Standards for Light-Duty Vehicles and Light-Duty Trucks, Emission Standards Reference Guide for Heavy-Duty and Nonroad Engines and “Heavy-Duty Truck and Bus Engines.”
  ILEV standards were chosen to represent emission factors for model years 2000 - 2004 because ILEAV funding requires the vehicle to meet ILEV standards to qualify.

EPA Emission Factor Model

EPA’s MOBILE model is a computer software program that estimates CO, HC, and NOx emission factors for gasoline and diesel fueled on-road motor vehicles.  It does not predict emission factors for alternative fueled vehicles.  It is used by EPA to evaluate mobile source control strategies and by states in the development of emission inventories and state implementation plans.  The most current version is 5b, released in 1996.  MOBILE5b predicts on a gram per mile (g/mi) basis, emission factors for eight classifications of motor vehicles.  They are:

LDGV:
light-duty gasoline vehicles (passenger cars), up to 6,000 lb GVW

LDGT1:
light-duty gasoline trucks (pickups, minivans, passenger vans, and sport-utility vehicles), up to 6,000 lb GVW

LDGT2:
LDGTs of 6,001-8,500 lb GVW

HDGV:
heavy-duty gasoline vehicles, which are vehicles of 8,501 lb and higher GVW that are equipped with heavy-duty engines

LDDV:
light-duty diesel vehicles (passenger cars), up to 6,000 lb GVW

LDDT:

light-duty diesel trucks, up to 8,500 lb GVW

HDDV:
heavy-duty diesel vehicles, vehicles of 8,501 lb GVW and higher equipped with heavy-duty diesel engines.

MC:

motorcycles

In developing emission factors for the IROAD tool, only the emission factors for LDGV, LDDV, LDGT1, LDGT2, and LDDT were considered.  To compare MOBILE5b predicted emission factors against EPA standards, the classification of vehicles as provided by MOBILE5b was translated into those used for this model according to the following:

LDV

(
LDGV or LDDV, depending upon the fuel of concern

LLDT

(
LDGT1

HLDT

(
LDGT2

The MOBILE5b model emission factor does not differentiate between urban buses and on-highway heavy-duty trucks, an important distinction for the IROAD tool; therefore, the predicted emission factor for HDDV was not used.

MOBILE5b is a complex web of computer subroutines and equations linked together to calculate on-road mobile source emission factors representative of a specific area or region for each of the eight vehicle types listed earlier.  The predicted emission factors are dependent on various conditions such as ambient temperature, average travel speed, operating modes, fuel volatility, and mileage accrual rates.  Each of these variables can be specified by the user.  In addition, predicted emission factors are also influenced by motor vehicle emission control programs, including inspection and maintenance (I/M) programs, evaporative test programs, and anti-tampering programs.  Since there are many different types of control programs and they vary widely throughout the country just as temperature, operating modes, and fuel characteristics do, this model was simplified to consider one ‘generic’ region for the purposes of preparing MOBILE5b emission factors.  Some of the assumptions that went into the ‘generic’ MOBILE5b emission factor model include using the model default mileage accumulation rates and giving credit for an I/M program that includes an anti-tampering program and evaporative system checks.  To develop an emission factor for each individual model year, the model default registration distributions could not be used, and it was assumed that 100% of all vehicles registered are for the particular model year of interest.  For several model years, MOBILE5b assumes that there were no sales of LDDT or LDDV, and therefore, an emission factor for that class of vehicle was not calculated.  In addition, MOBILE5b predicts emission factors based on an average speed, with a wide variation between low and high speeds.  In developing the emission factors for comparison to EPA emission standards, an average speed of 19.6 miles per hour (mph) was chosen to correspond to the average speed of the Federal Test Procedure (FTP).  While greater detail can be achieved by developing emission factors specific to each airport region, this labor-intensive task is beyond the scope of this tool. 

Test Data

A significant body of independent test data exists for conventional and alternative fueled vehicles; however, it does not necessarily cover each of the model years we are interested in.  Where appropriate, different sources of test data were considered to more accurately reflect in-use emissions for the individual vehicle types and also to provide data for alternative fueled vehicles.

Light-duty vehicle test data was taken from a database of Department of Energy (DOE) programs that is managed by the National Renewable Energy Laboratory (NREL)
.  These test programs focus on alternative fuel vehicles and cover each of the fuels we consider except hydrogen fuel cells.  Testing from these programs is performed on a light-duty vehicle chassis dynamometer resulting in g/mi emission factors that can be compared against applicable standards.  While a large number of tests have been performed, they are limited in the make and model of vehicles included.  This is mainly because each of the vehicles is part of the U.S Federal vehicle pool, leased to various government fleets throughout the General Services Administration (GSA), and essentially the vehicles were bought in bulk providing little variation among manufacturers and models.

Heavy-duty vehicle test data utilized for comparison is also from two databases maintained by NREL – one for heavy-duty trucks and the other for transit buses
.  Data were collected by West Virginia University employing chassis dynamometer testing and includes a variety of older generation diesel and alternative fuel trucks and buses.  An additional source for current generation, older transit buses and hybrid-electric diesel buses is Hybrid-Electric Drive Heavy-Duty Vehicle Testing Project published in February 2000.

Sulfur Dioxide

Since there is no tailpipe standard for SO2, an emission factor was assigned based on the sulfur content of the fuel.  During combustion, nearly all sulfur in the fuel is converted to SO2, with very little converted to sulfate as PM.  As a result, we assumed 100% conversion across all vehicle types for diesel and gasoline.  For diesel, the sulfur content was assumed to be 500 ppm nationwide, except in California, where it is assumed to be 80 ppm.  For gasoline, the sulfur content was assumed to be 780 ppm nationwide, except in California, where it is assumed to be 80 ppm.  CNG and methanol fueled vehicles were assumed to have essentially no sulfur in the fuel and therefore, the emission factor is assumed to be zero.  Knowing the sulfur content of the fuel in ppm, a series of engineering conversions was carried out to convert it to a g/hp-hr and a g/mi basis.

LNG and LPG

Emission factors for vehicles fueled by LNG and LPG are equivalent to those for CNG.   Fuel economy, which is specified by the user, accounts for the increased inefficiency of combustion with respect to CNG vehicles.  Essentially, for two identical vehicles, running on CNG and LPG, the total emissions from the LPG will be higher than the CNG due to reduced engine efficiency even though they both use the same emission factor.

Hybrid-Electric Vehicles

Based on the test data acquired from the Hybrid-Electric Drive Heavy-Duty Vehicle Testing Project, a 30% reduction from conventional emission factors was applied to the vehicles utilizing a hybrid-electric architecture.

Fuel Cells

Emissions from the fuel cell itself are usually limited to water; however a vehicle with on-board reformation of alternative fuels may also emit small levels of CO, VOC and NOx.  The IROAD tool assumes that fuel cell vehicle emissions are negligible (2% of conventional vehicle).  Applicants utilizing fuel cell technology that is expected to emit non-zero emissions of CO, VOC, NOx and PM should provide their own emission estimates with documentation via the worksheet method.

Electric Vehicles

Based on the electric energy consumption of the vehicle the IROAD tool estimates the air pollution emissions from the power plants in the local region associated with that energy consumption.  On a state-by-state basis, excluding Alaska and Hawaii and including the District of Columbia, the calendar year 1999 emission and electric utility heat input data was taken from the EPA Acid Rain Reporting Database.  Since the Acid Rain Reporting Database only has emissions for NOx, SO2, and CO2, emission factors for PM, CO, and VOC were taken from EPA’s Compilation of Air Pollution Factors document, AP-42.  AP-42 offers emission factors based on individual fuel used, however, throughout each state, there is some variation in electric utility generation between different fuels such as coal, oil, and natural gas.  Along these lines, we assigned three levels of utility emissions – high, medium, and low corresponding to emissions from coal, oil, and natural gas, respectively.  Where these designations come into play is in assigning emission rates for PM and CO, since we already know the emission rates for NOx, SO2, and CO2, and HC essentially do not vary by fuel choice.  The next step in assigning PM and CO emission rates for each state is to assign a utility emission level to each state.  In assigning this high, medium, or low designation, the statewide CO2 and SO2 emissions were considered to get a general sense of the types of fuels being used and the level of emission control at the utilities, respectively. CO2 emissions were used as a surrogate indicator of CO emissions, while SO2 were used as a surrogate for PM emissions.  Where the CO2 emissions were greater than 200 lb/mmBtu, it was assumed that the generation mix was dominated by coal and is a high emitter.  Where it was between 150 and 200 lb/mmBtu, the generation mix can generally be classified as a mixture between coal, oil, and gas with emissions more in line with oil, or a medium emitter.  Below 150 lb/mmBtu, we assumed the generation mix to be dominated by natural gas utilities, and classify it as a low emitter state.  When assigning PM emission rates based on the same methodology, high emitters are classified as having SO2 emission rates above 1.2 lb/mmBtu, medium emitters were between 0.4 and 1.2 lb/mmBtu, and low emitters had SO2 emission rates less than 0.4 lb/mmBtu.  The following table shows state-by-state utility electric generation emission factors that are incorporated into the IROAD methodology.


Appendix C.   Guidance on Supplemental Information

Airport sponsors are allowed to provide additional information to supplement their use of the project methodology to calculate emissions.  This information may represent more advanced science or refinements of data to better approximate actual or local conditions.  All supplemental information provided must be well documented.

The methodology developed for this program was designed in accordance with the enabling legislation to provide an accurate, fair, and efficient basis for comparing airport grant proposals.  It is intended to be neutral for both airports and fuels.  It contains best available government data and a reasonable analytical procedure to develop cost-effectiveness estimates.  The methodology does not attempt to resolve the current array of major scientific and testing issues surrounding mobile emissions data, or the lack thereof in many cases.  It was designed to provide a general framework for good analysis without such complexity, time, or expense that airports would be discouraged from applying.

Below are examples of areas that could be evaluated for supplemental information.  It is unlikely, however, that they will reveal a major effect.

Evaporative emissions

Neither the GSEModel nor the IROAD tool address the issue of evaporative emission reductions from the replacement of gasoline vehicles (these emissions for diesel vehicles are negligible).  As all of the ILEV certified vehicles have no evaporative emissions, the emission reductions would be similar at each airport.  However, evaporative emissions can vary by ambient airport temperatures and fuel volatility.  Only the evaporative emissions reductions from the vehicles and vehicle fueling are creditable and not the infrastructure (it is unlikely than the airport would completely remove their gasoline infrastructure).  Evaporative emission numbers are generally small (for light duty vehicles) and will be dwarfed by NOx reductions unless the equipment is seldom used, in which case the overall emission reductions will be minimal.  There should be little if any gasoline heavy-duty equipment at airports but this equipment may not have vapor recovery, which would increase their contribution to evaporative emissions. 

Cold start emissions

Vehicles certified on the Federal Test Procedure (FTP) include both a cold and hot start.  However, vehicles at airports may have significantly more cold start emissions due to their duty cycle at the airports.  Cold start emissions are primarily a result of cold temperature fuel enrichment necessary for acceptable engine response and power when the engine is cold.  A second area of cold-start emissions results from lack of sufficient temperature for the oxidation catalyst, resulting in low if any emission reduction until the temperature warms.  The oxygen sensor also requires a warm-up period until it reaches operating temperature to send the appropriate feedback (This is less of an issue with heated sensors, which are usually only found on light-duty vehicles).  Most diesel vehicles lack oxygen sensors but lean burn heavy-duty CNG engines do rely on oxygen sensor feedback.  All light duty vehicles use an oxygen sensor that is usually heated.  Cold starts do not apply to electric vehicles and are usually associated with increased CO, HC, and PM emissions in this order of significance.  During cold starts, NOx emissions may actually be lower.  Also, cold start emissions are more likely associated with GSE and airside vehicles than groundside (GAV) vehicles.  Buses on the groundside, for instance, will likely remain in operation continuously or with the engine running during service to maintain climate control.  As a result cold start emissions from these vehicles are negligible.

High Emitters/Malfunctioning

The issues for high emitting vehicles are similar to the cold start emission issue.  Both existing and new replacement vehicles will suffer from some level of malfunction and deterioration.  It is conceivable that the alternative fuel vehicles may actually suffer from greater levels of malfunction than conventional vehicles due to their generally greater complexity and less proven track record.  As all airports will be considered under similar circumstances this could be a fuel type issue but not an airport-to-airport issue.

In most cases, the emission factors in the IROAD tool and MOBILE5b are within 25% to 50% of the standard.  However, these emission factors represent only a modest amount of malfunction, deterioration and cold starting.    Of these items “malfunction” is probably the largest numerical difference.  When a very small fleet of vehicles is considered, such as we have under this program, the number of high emitters should be very limited and can probably be safely ignored.  Newer light duty vehicles are all equipped with on-board diagnostics and indicator lamps to make emission control system malfunctions readily apparent and correctable by airport personnel. 

Generation of Electricity

The utility emission factors in the IROAD tool are averages of all fossil fuel power plants in the region.  Because of this, airport vehicle emissions from the marginal generation of electricity (i.e., actual units producing the electricity) may vary from the average.  Other issues include the increased use of NOx control technology at electric generating facilities that may increase CO emissions.  In addition, battery self-discharge and battery overcharging may increase electricity consumption.

�
Emission Rate (lb/mmBtu)�
�
State�
NOx�
SO2�
CO2�
CO�
HC�
PM�
�
Alabama�
0.45�
1.31�
202.81�
0.08�
0.00�
0.02�
�
Arizona�
0.38�
0.33�
198.78�
0.04�
0.00�
0.01�
�
Arkansas�
0.31�
0.47�
193.24�
0.04�
0.00�
0.01�
�
California�
0.06�
0.00�
119.26�
0.02�
0.00�
0.01�
�
Colorado�
0.36�
0.46�
201.17�
0.08�
0.00�
0.01�
�
Connecticut�
0.19�
0.67�
153.41�
0.04�
0.00�
0.01�
�
Delaware�
0.34�
0.99�
179.21�
0.04�
0.00�
0.01�
�
District of Columbia�
0.27�
0.87�
161.88�
0.04�
0.00�
0.01�
�
Florida�
0.42�
0.99�
172.95�
0.04�
0.00�
0.01�
�
Georgia�
0.45�
1.30�
202.28�
0.08�
0.00�
0.02�
�
Idaho�
0.04�
0.00�
118.86�
0.02�
0.00�
0.01�
�
Illinois�
0.61�
1.59�
200.67�
0.08�
0.00�
0.02�
�
Indiana�
0.51�
1.39�
205.22�
0.08�
0.00�
0.02�
�
Iowa�
0.41�
0.80�
205.01�
0.08�
0.00�
0.01�
�
Kansas�
0.45�
0.59�
198.40�
0.04�
0.00�
0.01�
�
Kentucky�
0.60�
1.29�
205.01�
0.08�
0.00�
0.02�
�
Louisiana�
0.34�
0.39�
155.94�
0.04�
0.00�
0.01�
�
Maine�
0.28�
1.13�
161.75�
0.04�
0.00�
0.01�
�
Maryland�
0.46�
1.48�
194.13�
0.04�
0.00�
0.02�
�
Massachusetts�
0.27�
0.95�
178.40�
0.04�
0.00�
0.01�
�
Michigan�
0.47�
1.01�
199.62�
0.04�
0.00�
0.01�
�
Minnesota�
0.48�
0.54�
203.71�
0.08�
0.00�
0.01�
�
Mississippi�
0.48�
0.95�
190.98�
0.04�
0.00�
0.01�
�
Missouri�
0.52�
0.73�
204.99�
0.08�
0.00�
0.01�
�
Montana�
0.42�
0.22�
207.99�
0.08�
0.00�
0.01�
�
Nebraska�
0.41�
0.57�
204.10�
0.08�
0.00�
0.01�
�
Nevada�
0.39�
0.45�
198.23�
0.04�
0.00�
0.01�
�
New Hampshire�
0.41�
1.89�
189.70�
0.04�
0.00�
0.02�
�
New Jersey�
0.51�
0.93�
199.51�
0.04�
0.00�
0.01�
�
New Mexico�
0.47�
0.41�
198.89�
0.04�
0.00�
0.01�
�
New York�
0.23�
0.77�
163.95�
0.04�
0.00�
0.01�
�
North Carolina�
0.56�
1.28�
204.15�
0.08�
0.00�
0.02�
�
North Dakota�
0.46�
1.09�
217.74�
0.08�
0.00�
0.01�
�
Ohio�
0.65�
2.00�
204.86�
0.08�
0.00�
0.02�
�
Oklahoma�
0.38�
0.43�
177.90�
0.04�
0.00�
0.01�
�
Oregon�
0.23�
0.42�
165.28�
0.04�
0.00�
0.01�
�
Pennsylvania�
0.38�
1.83�
203.14�
0.08�
0.00�
0.02�
�
Rhode Island�
0.03�
0.00�
118.67�
0.02�
0.00�
0.01�
�
South Carolina�
0.46�
1.14�
203.41�
0.08�
0.00�
0.01�
�
South Dakota�
1.09�
1.18�
201.88�
0.08�
0.00�
0.01�
�
Tennessee�
0.63�
1.53�
205.19�
0.08�
0.00�
0.02�
�
Texas�
0.29�
0.48�
168.78�
0.04�
0.00�
0.01�
�
Utah�
0.38�
0.16�
204.16�
0.08�
0.00�
0.01�
�
Vermont�
0.16�
0.00�
201.40�
0.08�
0.00�
0.01�
�
Virginia�
0.49�
1.17�
198.97�
0.04�
0.00�
0.01�
�
Washington�
0.38�
1.52�
196.26�
0.04�
0.00�
0.02�
�
West Virginia�
0.62�
1.51�
205.20�
0.08�
0.00�
0.02�
�
Wisconsin�
0.43�
0.83�
202.54�
0.08�
0.00�
0.01�
�
Wyoming�
0.36�
0.38�
205.16�
0.08�
0.00�
0.01�
�






Typical GVWR Values:


Light-duty cars: < 6,000 lbs


Light-duty trucks: < 6,000 lbs or > 6,000 lbs but < 8,500 lbs


Heavy-duty vehicles: > 8,500 lbs





Example Average Duty Speed:





In many instances, the average speed of the vehicle can be derived from its service requirements, such as an intermodal bus that covers a 3.1 mile route every 15 minutes.





(3.1 mile/15 minutes) * (60 minutes/hour) = 12.4 mph





Fuel Type�
Unit�
 DEG Conversion Factor�
�
Diesel�
Gallon�
1�
�
Gasoline�
Gallon�
1.25�
�
CNG�
Therm�
1.37�
�
LNG�
Gallon�
1.8�
�
LPG�
Gallon�
1.38�
�
Electricity�
kWh�
12�
�
M85�
Gallon�
2.08�
�
Example: A light-duty electric vehicle can travel 2 miles per kWh.  Its DEG fuel economy is: (2 miles/kWh) * (12 kWh/DEG) = 24 miles/DEG





Default Fuel Costs�
�
�
�
B�
C�
col B x col C�
�
Fuel Type�
Unit�
$/Unit�
 DEG Conversion Factor�
$/DEG�
�
Diesel�
Gallon�
1.61�
1�
1.61�
�
Gasoline�
Gallon�
1.7�
1.25�
2.13�
�
CNG�
Therm�
0.5�
1.37�
0.69�
�
LNG�
Gallon�
0.45�
1.8�
0.81�
�
LPG�
Gallon�
0.75�
1.38�
1.04�
�
Electricity�
kw-hr�
0.074�
12�
0.89�
�
M85�
Gallon�
0.5�
2.08�
1.04�
�
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�   EPA actually regulates volatile organic compounds (VOCs) as an ozone precursor, rather than hydrocarbons (HCs).  VOCs are defined in a regulatory sense as any compound of carbon that participates in atmospheric photochemical reactions.  By definition, VOCs are the subset of organic compounds that are considered ozone precursors. This definition exempts several compounds, including many fluorinated hydrocarbons (primarily refrigerants), methane, ethane, carbon monoxide, carbon dioxide, acetone and others.  Diesel fuel, compressed natural gas (CNG) and other petroleum products are principally hydrocarbon compounds (HCs)--organic compounds consisting exclusively of the elements of carbon and hydrogen.  When hydrocarbon compounds are burned, exhaust emissions consist of primarily HCs.  As a result, the organic emissions from diesel vehicles are generally referred to as hydrocarbons.





For transportation sector purposes, HCs can generally be used synonymously with the VOC designation. The exception to this rule occurs in vehicles and internal combustion equipment that combust natural gas.  A large percentage—95 percent or more—of the HC exhaust from a natural gas fueled vehicle is unburned fuel, in this case methane.  Because methane is not considered a VOC, HC emission values from natural gas vehicles are usually divided into methane and non-methane hydrocarbon.  This methodology only considers non-methane hydrocarbons; therefore, where this document uses the terms “hydrocarbons” or “HC” emissions, it refers only to non-methane hydrocarbons.


�   Transit buses must use the correction factor calculation on “B2” before proceeding with “A” worksheets.


� Davis, Stacy, Transportation Energy Data Book, edition 19, U.S. Department of Energy, ORNL-6958, Sept. 1999;  EPA, Federal and California Exhaust and Evaporative Emission Standards for Light-Duty Vehicles and Light-Duty Trucks, EPA420-B-00-001, Feb. 2000; EPA, Emission Standards Reference Guide for Heavy-Duty and Nonroad Engines, EPA420-F-97-014, Sept. 1999; “Heavy-Duty Truck and Bus Engines” available at � HYPERLINK "http://www.dieselnet.com/standards/us/hd.html" ��http://www.dieselnet.com/standards/us/hd.html�.


� Available at � HYPERLINK "http://www.afdc.nrel.gov/afv/emissions.html" ��http://www.afdc.nrel.gov/afv/emissions.html�.


� Ibid.


� Northeast Advanced Vehicle Consortium (NAVC), M.J. Bradley & Associates and West Virginia University, Hybrid-Electric Drive Heavy-Duty Vehicle Testing Project, Defense Advanced Research Projects Agency, Feb. 2000.
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