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Summary 

The purpose of this report is to document input data, calculations, and assumptions inherent in the 

CNG Net Present Value (NPV) model. The model, developed at The University of Texas Center 

for Transportation Research for the Texas Department of Transportation (TxDOT), analyzes the 

cost-effectiveness of compressed natural gas (CNG) as an alternative fuel for fleet operations by 

examining the benefits and costs of a CNG-fueled operation over the life cycle of a CNG fast-fill 

station. 

Abstract 

Increased emphasis on energy efficiency and air quality has resulted in a number of state and 

federal initiatives examining the use of alternative fuels for motor vehicles. Texas instituted an 

alternative fuels - primarily compressed natural gas (CNG) - program for public fleet 

operations beginning in the 1991-92 fiscal year. A life-cycle costlbenefit model for evaluating the 

economic implications of this action was developed by The University of Texas at Austin Center 

for Transportation Research. This report documents the various input data, calculations, and 

assumptions inherent in the CNG Net Present Value (NPV) model. 

Input data with constant values are discussed first and include basic parameters for fuel tank 

pressures, on-board storage capacity, vehicle conversion costs, number of tanks, etc. Variable 

input data include the number and types of vehicles, fuel consumption, etc. The next section 

presents the fonnulas for the internal model calculations. The final section discusses the basic 

assumptions inherent in the model. 
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Implementation Statement 

The purpose of this project is to evaluate the economic feasibility of alternative fuels for the Texas 

Department of Transportation (TxDOT). The life-cycle costlbenefit analysis model is the basic 

framework for this evaluation. The model will assist TxDOT in fulfilling the legal requirements of 

Senate Bill 740, whether through implementation of an alternative fuels program or through the 

processing of waivers where appropriate. This report provides the support documentation for use 

of the model. 

Disclaimer 

The contents of this report reflect the views of the authors, who are responsible for the facts and 

the accuracy of the data presented within. The contents do not necessarily reflect the official views 

or policies of the Texas Department of Transportation. This report does not constitute a standard, a 

specification, or regulation. 

NOT INTENDED FOR CONSTRUCTION, 
PERMIT, OR BIDDING PURPOSES 

Hani S. Mahmassani, P.E. (Texas No. 57545) 
C. Michael Walton, P.E. (Texas No. 46293) 

Research Supervisors 
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INTRODUCTION 

Documentation for CNG Fleet Conversion 
Cost-Effectiveness Model 

Texas, a state rich in natural gas, adopted alternative fuels legislation influencing the whole state 

as well as non-attainment areas. Texas Senate Bill 740, which took effect September 1, 1991, 

requires all school districts with more than 50 buses, state agencies with more than 15 vehicles 

excluding law enforcement and other emergency vehicles, and metropolitan transit authorities to 

purchase new vehicles that are capable of operating on natural gas or a fuel with similar emissions 

characteristics.1 Affected agencies can receive a waiver of this act if they can demonstrate either 

that (1) the effort for operating a natural-gas-powered fleet is more expensive than that for a 

gasoline or diesel fleet over its useful life or that (2) alternate fuels are not available in sufficient 

supply. The model documented herein analyzes the first area for natural gas, the fuel of choice in 

the legislation. Another version of the model addresses propane (LPG). 

The model, developed at The University of Texas Center for Transportation Research for the 

Texas Department of Transportation (TxDOT), analyzes the cost-effectiveness of compressed 

natural gas (eNG) as an alternative fuel for fleet operations. Basically, the model examines the 

benefits and costs of a CNG-fueled operation over the life cycle of a CNG fast-fill station. 

The purpose of this report is to document input data, calculations, and assumptions inherent in 

the CNG Net Present Value (NPV) model. Presented first are input data that will not change for 

different TxDOT fleet locations, followed by input data that do change. Next, formulas for 

calculations are presented and explained where necessary. Finally, the major embedded model 

assumptions are laid out and explained. Throughout the report, variable names are used directly 

from the spreadsheet model. A mapping of these names to spreadsheet locations and a sample 

spreadsheet are provided in the Appendix. 

INPUT DATA (Constant) 

This section presents input data that will be kept constant for all TxDOT locations analyzed. It 

is recognized that some data may be slightly different for some locations, but it is believed that 

these small differences will not significantly alter the final result. 

1 The Texas Air Control Board subsequently ruled that LPG and electricity also qualify as alternative fuels. 
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Other Factors 

This section contains miscellaneous input data. They are as follows: 

Work. days. year - number of days the fleet is operational per year. It is assumed that 

TxDOT fleets are operational 5 days per week for 52 weeks a year. 

Fast.fill.on-board.stora~e - of the possible amount of natural gas, it is assumed that 92.5 

percent is stored while fast-filling.2 A lower mass of natural gas is stored at a certain 

pressure as temperature increases. Since temperatures increase during fast-fill and fueling 

cut-off occurs at 3,000 psig, lower mass (and therefore volume in standard cubic feet [sct]) 

is stored while fast-filling than ifthe tank were allowed to equalize to ambient temperature 

(as in slow-fill). 

Tank.fill.factor.3000psi - 259.67 scf of natural gas is stored in I cubic foot of tank volume 

at 3,000 psig at standard temperature.3 

Tank.fillJactor.l00psi - 7.92 scf of natural gas is stored in I cubic foot of tank volume at 

100 psig at standard temperature.4 It is assumed that a eNG vehicle is filled when its tank 

pressure drops to 100 psig. 

Fue1.in.empty.tank.gal - it is assumed that 2 gallons of liquid fuel (gasoline or diesel) 

remain in the tank when the vehicle is filled. 

NO.Gasoline.Factor - the amount of natural gas (sct) with an equivalent amount of energy 

as a gallon of gasoline. This is calculated by dividing the net (or lower) heating value of a 

gallon of gasoline by the net (or lower) heating value of a standard cubic foot of natural 

gas. This factor is taken to be 114,132/930 = 122.7 scflgallon gasoline.5,6 

2International Association for Natural Gas Vehicles, Natural Gas Vehicles 1990, January 1990. 
3Cbristy Park, Inc., Seamless Pressure vessels (brochure), McKeesport, Pennsylvania. 
41bid. 
5Environmental Protection Agency, Analysis of the Economic and Enyironmental Effects of Compressed 
Natural Gas as a Vehicle fuel, Vol. I, Passenger Cars and Light Trucks, April 1990. 
6Personal communication with Larry Osgoode, Phillips 66, Bartlesville, Oklahoma. 
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NQ.Diese1.Pactor - the amount of natural gas (scf) with an equivalent amount of energy as 

a gallon of diesel. This is calculated by dividing the net (or lower) heating value of a gallon 

of diesel by the net (or lower) heating value of a standard cubic foot of natural gas. This 

factor is taken to be 129,400/930 = 139.1 scft gallon dieseI.7 ,8 

Station.Maint.cost.gallon.gale - station maintenance is often reported as a function of the 

number of gasoline gallon equivalents compressed. Values for this factor range from 2 to 

10 cents per gallon equivalent.9,1O,1l,12,13,14 Here we assume a value of 4.5 cents, based 

on DeLuchi's assumptions. 15 Note that compressor maintenance is also very sensitive to 

the number of times the compressor is toggled on and off, which this factor does not 

consider.16 The way in which compressor size is estimated in this model does minimize 

toggling. 

Electricity.cost.kwh - cost of electricity to the fleet. Assumed to be 6.3 cents per kilowatt­

hour (kWh). 

Days.off.tank.recert - for on-board tank recertification, it is assumed that it will take 5 days 

to take the tanks off the vehicle, deliver them to a testing facility, have them tested, return 

them to the TxDOT location, and reinstall them on the vehicle. 

Discount.Rate - a discount rate of 10 percent is assumed to be applicable to TxDOT.17 

7Environmental Protection Agency, Analysis of the Economic and Environmental Effects of Compressed 
Natural Gas as a Vehicle Fuel, Vol. I, Passenger Cars and Light Trucks, April 1990. 
8Personal communication with Larry Osgoode, Phillips 66, Bartlesville, Oklahoma. 
9Gaseous Fuels for Transport 
10 American Gas Association, An Analysis of the Economic and Enyironmental Effects of Natural Gas as an 
Alternative fuel. EA 1989-10, December 15, 1989. 
11 Mark A. DeLuchi, Robert A. Johnston, and Daniel Sperling, "Methanol vs. Natural Gas Vehicles: A 
Comparison of Resource Supply, Performance, Emissions, Fuel Storage, Safety, Costs, and Transitions," SAE 
Paper 881656, 1988. 
12Intemational Association for Natural Gas Vehicles, Natural Gas vehicles 1990. January 1990. 
13Environmental Protection Agency, Technical Report: Emissions. Fuel Economy and PerfOnDanCe of Li~ht­
Duty CNG and Dual-fuel vehicles, EPA-AA-CTAB-88-05, June 1988. 
14Environmental Protection Agency, Analysis of the Economic and Enyironmental Effects of Compressed 
Natural Gas as a vehicle Fuel, Vol. I, Passenger Cars and Light Trucks, April 1990. 
15Mark A. DeLuchi, Robert A. Johnston, and Daniel Sperling, "Methanol vs. Natural Gas Vehicles: A 
Comparison of Resource Supply, Performance, Emissions, Fuel Storage, Safety, Costs, and Transitions," SAE 
Paper 881656, 1988. 
16Personal communication with Gordon Slack, Henderson, Inc., Garland, Texas. 
17Recommended by the Texas State Purchasing and General Services Commission, Workbook on the Cost 
Effectiveness of Alternative fuels JJsiD~ Life Cycle Cost Benefit Analysis, June 1, 1991. 
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Vehicle Data 

These sections contain input data for each vehicle type. The sections for automobiles, light 

trucks, and heavy~duty gasoline vehicles are conceptually identical; only the variable names differ. 

The variable names are identical except for the vehicle type identifier prefix of Auto, LT, or HDG. 

These three sections will be discussed in general with the variable name prefix of VehType used 

instead. Since the diesel section accommodates both dual-fuel and dedicated conversions, it is 

slightly different conceptually and will be discussed separately. The input data for the automobiles, 

light trucks, and heavy-duty gasoline vehicles are as follows: 

VehType.CNG.MPG.Adj.Factor - it is assumed that converted CNG vehicles will achieve 

fuel efficiencies of 95 percent of those of the original gasoline vehicle, while operating on 

natural gas. This assumes that the conversion does not optimize the engine for natural gas 

usage. The major reason for the decrease is the added weight of the CNG cylinders. Note 

that this factor changes to 115 percent somewhere after year 10. It is assumed that OEM 

vehicles are available in year 11. They are assumed to be optimized and dedicated and will 

therefore achieve greater fuel efficiencies than gasoline vehicles. 18, 19 

yehType.Dual.fuel.MPG.Adjust.Factor - it is assumed that converted CNG vehicles will 

achieve fuel efficiencies of 95 percent of the original gasoline vehicle, while running on 

gasoline. This assumes that the conversion does not optimize the engine for natural gas 

usage. The major reason for the decrease is the added weight of the CNG cylinders. 

YehType.Conv.Kit.Cost - is the cost of the under-hood equipment (e.g., mixer, regulator, 

piping, etc.). For automobiles, light trucks, and heavy-duty gasoline vehicles, this cost is 

assumed to be $700.20 

VehType.Conv.lab.cost - is the cost of labor to perform the conversion. For automobiles 

this cost is assumed to be $800, and for light trucks and heavy-duty gasoline vehicles, it is 

18Mark A. DeLuchi, Robert A. Johnston, and Daniel Sperling, "Methanol vs. Natural Gas Vehicles: A 
Comparison of Resource Supply, Perfonnance, Emissions, Fuel Storage, Safety, Costs, and Transitions," SAE 
Paper 881656, 1988. 
19Environmental Protection Agency, Analysis of the Economic and Environmental Effects of Compressed 
Natural Gas as a Yehicle Fuel. Vol. I, Passenger Cars and Light Trucks, April 1990. 
20Jbi.d. 
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211bid. 
221bid. 

$600.21 

YehType.Tank.cost - is the cost of one composite tank. For automobiles and light trucks 

this cost is assumed to be $450, and for heavy-duty gasoline it is assumed to be $500.22,23 

These costs are directly related to the VehType.FueLCapacity.scf input. It is assumed that 

TxDOT will implement volume buying in order to achieve price reductions. 

YehIype.CQnv.KitSalyage. Value - is the price difference in selling a used converted CNG 

vehicle versus the same vehicle if it were not converted. It is assumed that this value is 

$200. As defined, this value includes both tank, kit, and labor salvage value. 

VehIype.Tan1s;.Salvage.Value - this value is currently not used (it is set to $0). The salvage 

value of tanks is included in VehType.CQnv.KitSalvage.Value. 

YehType.OEM.Cost.Diff - this is the cost difference between an original equipment 

manufacturer (OEM) dedicated optimized CNG vehicle and a comparable gasoline or 

diesel vehicle. It is assumed that this difference is $900 for automQbiles, light trucks, and 

heavy-duty gasQline vehicle replacements.24 

YehIype.OEM.Salyage. Value - is the price difference in selling a used OEM CNG vehicle 

versus a comparable gasoline vehicle. It is assumed that this value is $200 for 

automobiles, light trucks, and heavy-duty gasoline vehicles. 

VehType.Fuel.Capacity.§cf - the amount of natural gas that can be stored in the tank at 

3,000 psig at standard temperature. FQr light-duty vehicles (automobiles and trucks) this 

is assumed tQ be 600 scf, and for heavy-duty gasoline vehicles, 750 scf.25 

YehIype.tanks.per.yeh - automobiles - 1 tank; light trucks - 2 tanks; heavy-duty gasoline 

vehicles - 4 tanks.26 

23Environmental Protection Agency, Analysis of the Economic and Enyironmental Effects of Compressed 
Natural Gas as a vehicle Fuel. Vol. II, Heavy Duty Vehicles, April 1990. 
24Environmental Protection Agency, Analysis of the Economic and Enyironmental Effects of Compressed 
Natural Gas as a Vehicle Fuel, Vol. I, Passenger Cars and Light Trucks, April 1990. 
25Based on TxDOT specification on Conversion of State Vehicles to Operate on Compressed Natural Gas 
(eNG) and Gasoline, Specification No. SDHPT-070-99-20, June 1990. 
26zbid. 
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YehTxpe.Tank.Recert.Cost - cost to recertify one composite tank is assumed to be $40 (if 

steel, assumption would be $20), plus the cost of one hour of labor to remove the tank, 

transport it to and from the testing facility, and replace it on the vehicle. 27 

YehType.Prcnt.NG.miles - percentage of miles driven per vehicle on natural gas. 

Assumed to be 100 percent for dual-fuel vehicles. Must be 100 percent for dedicated 

OEM vehicles. 

YehType.Maint.Cost.Diff - difference in costs for one vehicle's maintenance in one year. 

YehType.On.board.~asoline.capacity - assumed to be: automobiles - 16 gallons; light 

trucks - 18 gallons; heavy-duty gasoline vehicles - 25 gallons; and heavy-duty diesel 

vehicles - 45 gallons of diesel. 28 

Since the heavy-duty diesel vehicle data section accommodates both dual-fuel and dedicated 

conversions, it is slightly different conceptually from automobiles, light trucks, and heavy-duty 

gasoline vehicles. In year 11 when OEM CNG vehicles become available, it is assumed that only 

dedicated OEM vehicles will be produced (not dual-fuel), because of emissions reguiations.29 The 

input data for heavy-duty diesel vehicles are as follows: 

HPP.Ded.CNG.MPG.AdLFactor - dedicated CNG vehicles will have reduced fuel 

efficiencies mainly because compression ratios used must be less than those for diesel. It 

is assumed that these reductions will be 26 percent for converted diesels and 20 percent for 

OEMs replacing diesels. 30 

HPD.DuaLMPG.AcJjust.Factor - it is assumed that converted dual-fuel CNG vehicles will 

achieve fuel efficiencies that are 10 percent less than that of the original diesel vehicle on an 

energy-equivalent basis.31 

27Personal communication with Paul Funk, Western Sales and Testing of Deer Park, Inc., Deer Park, Texas. 
28Personal communication with Terry Eulenfeld, TxDOT, Austin, Texas. 
2~nvironmental Protection Agency, Analysis of the Economic and Environmental Effects of Compressed 
Natura] Gas as a Vehicle Fuel, Vol. II, Heavy Duty Vehicles, April 1990. 
3O:rbid. 
31Information from Compannia Ipiranga de Petroleo, from data collected in its experimental fleet of 2 dual-fuel 
Mercedes buses from June-October 1990, operating with biogas made from sugar cane in Brazil. 



HDD.Ded.Cony.Kit,Cost - this cost is assumed to be $2,000,32 

HDD,Ded,Cony,Kit.Salyat:e.Value - this value is assumed to be $500. As defined, this 

value includes both tank, kit, and labor salvage value. 

HDD.Ded.Cony.lab.cost - this cost is assumed to be $2,350,33 

HDD.Dual.Conv,Kit.Cost - this cost is assumed to be $2,500.34 

HDD.Dual.Conv.Kit,Salvat:e.Value - this value is assumed to be $500. As defined, this 

value includes both tank, kit, and labor salvage value. 

HDD.Dual.Conv.lab.cost - this cost is assumed to be $2,000.35 

HDD.Tank.cost - this cost is assumed to be $500.36,37 This cost is directly related to the 

HDD.Fuel.Capacity.scf input. It is assumed that TxDOT will implement volume buying 

in order to achieve price reductions, 

HDD.Tank.Salvat:e.Value - this value is currently not used (it is set to $0). The salvage 

value of tanks is included in the conversion kit salvage value. 

HDD.OEM.Cost.Diff - it is assumed that this difference is $2,800.38,39 

HDD.OEM.Salvat:e.Value - this value is assumed to be $500. 

32Environmental Protection Agency, Analysis of the Economic and Environmental Effects of Compressed 
Natural Gas as a Vehicle Fuel. Vol. IT, Heavy Duty Vehicles, April 1990. 
33Ibid. 

34American Gas Association, "Natural Gas Vehicles: The International Experience," Issue Brief 1988-9, May 
13, 1988. 
35Ibid 

36Environmental Protection Agency, Analysis of the Economic and Environmental Effects of Compressed 
Natural Gas as a Vehicle Fuel, Vol. I, Passenger Cars and Light Trucks, April 1990. 
37Environmental Protection Agency, Analysis of the Economic and Environmental Effects of Compressed 
NatUral Gas as a Vehicle Fuel. Vol. IT, Heavy Duty Vehicles, April 1990. 
38Ibid. 

39 American Gas Association, "Natural Gas Vehicles: The International Experience," Issue Brief 1988-9, May 
13, 1988. 

7 



HDD.Puel.Capacity.scf - the amount of natural gas that can be stored in the tank at 3,000 

psig at standard temperature. It is assumed to be 750 scf.40 

HDD.tanks,per.Ded.yeh - assumed to be 4 tanks. 

HDD.tanks,per.Dual.yeh - assumed to be 2 tanks. 

HDD.Tank.Recert.Cost - same as for automobiles, light trucks, and heavy-duty gasoline 

vehicles. 

HDD.Prcnt.NG.consumed.dual- this factor applies to dual-fuel conversions only. It is the 

percentage of energy used by the vehicle over its normal driving schedule which is 

obtained from natural gas. The rest of the energy is obtained from the diesel fuel. This 

factor is assumed to be 58 percent. 41 

HDD.Maint.Cost.Diff.Ded - difference in costs for one dedicated eNG vehicle's 

maintenance in one year. 

HDD.Maint.Cost.Diff.Dual- difference in costs for one dual-fuel vehicle's maintenance in 

one year. 

HDD.Qn,board.~asoline.capacity - assumed to be 45 gallons.42 

Fuel Prices 

Natural Gas Price/mcf - price per thousand standard cubic feet (md). The break-even case 

will be the price at which break-even for the fleet occurs, or a cost of $O.OQ/mcf (free) if 

break-even is not achieved. 

Gasoline Price/~allon - assumed to be $0.89. 

Diesel Price/calIon - assumed to be $0.85. 

40Based on TxDOT specification on Conversion of State Vehicles to Operate on Compressed Natural Gas 
(CNG) and Gasoline, Specification No. SDHPT-070-99-20, June 1990. 
41See footnote on HDD.Dual.MPG.AdjusLFactor. 
42Personal communication with Terry Eulenfeld, TxDOT, Austin, Texas. 
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Annual Fuel Price Adjustment - allows all fuel prices to be increased at a certain percentage 

per year. It is assumed that fuel prices remain constant over time (except for inflation), so 

this adjustment is set to 0.0 percent. 

Station Design 

Usable. Storage - the percentage of natural gas that can be drawn from a fully-charged 

cascade before it is considered depleted. This value is assume to be 40 percent 43 

Switch. Time.min - time to pull vehicle up to station, get out of vehicle, connect fuel probe, 

disconnect fill probe, get back into vehicle, and drive away. Includes all time except time 

that natural gas is actually being transferred to the vehicle. This time is assumed to be 3 

minutes. 

Flow.Rate.hose.scfm - the average flow rate per hose achievable by the station while 

continuously fueling vehicles until the storage is depleted. It is assumed to be 500 standard 

cubic feet per minute (scfm), but values up to 1,000 scfm have been reported.44,45 This 

value does not change the cost of the station significantly (station cost will increase slightly 

for 1,000 scfm), but labor fueling time losses will decrease significantly as this value 

increases. 

Cycle.Time - a cycle is the time for one continuous fueling session and the time to recharge 

storage before the next session. It is assumed that one continuous fueling session occurs 

daily and that the rest of the day's time is used to recharge storage. Thus, the cycle time is 

the number of minutes per day (1,440). 

Number.of.Hoses - 2 eNG hoses are assumed. This variable is directly related to the 

dispenser cost, so they must be changed in tandem. 

43Dean Taylor, Hani Mahmassani, and Mark Euritt, "Working Memorandum #3: Fast-Fill CNG Fueling 
Stations," prepared by the Center for Transportation Research, The University of Texas at Austin, for the Texas 
Department of Transportation, April 16, 1991. 
44Personal communications with Stan Pearson and Terry Pearson, Tri-Fuels, Inc. 
45Personal communication with Chris Blazek, Institute of Gas Technology. 
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Station.Setup.Cost.Factor - the cost of miscellaneous items such as piping, labor, and 

construction overhead is approximated by assuming that it is equal to 25 percent of the total 

cost of the compressor, storage vessels, and dispenser.46 

Compressor.Salvace.Value - is assumed to be 15 percent of the original cost (after 15 

years). 

Storage.Vessel.Salv.Val- is assumed to be 50 percent of the original cost (after 30 years). 

Dispenser.Salvace.Value - is assumed to be 10 percent of the original cost (after 30 years). 

Dryer. Salvage. Value - is assumed to be 10 percent of the original cost (after 30 years). 

Labor Time Loss Calculation 

GasoIine.ftll.rate.cal.min - assumed to be 7 gallons/minute (without topping off tank). 47 

Diesel.fill.rate.gal.min - assumed to be 7 gallons/minute (without topping off tank). 48 

Gasoline.diesel.switch.time - same definition as for natural gas switch time. This time is 

assumed to be 3 minutes. 

Labor.Cost.hour - cost per man-hour for fueling vehicles and recertifying tanks (includes 

salary, benefits, etc). Assumed to be $15.00. 

Number.Gasoline.hoses - assumed to be 2. 

Number.Diesel.hoses - assumed to be 1. 

46Department of Energy, Assessment of Costs and Benefits of Flexible and Alternative Fuel Use in the U.S. 
Transportation Sector, Technical Report Four: Vehicle and Fuel Distribution Requirements, August 1990. 
47Based on only one gasoline data point. 
48Based on gasoline data only (not diesel). 
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Costs 

Dispenser costs are assumed to be $25,000 for two metered hoses or $20,000 for I metered 

hose. 

Dryer costs are approximately $25,000 for a regenerative unit, similar to those required for 

public stations by new standards. This can be considered a maximum cost for TxDOT 

applications. Some cost savings are obtainable by using non-regenerative units, where chemicals 

must be changed periodically.49 A cost of $10,000 is used. 

INPUT DATA (Variable) 

This section of input data is data that will be different for all TxDOT locations analyzed. This 

is where fleet-specific variables are input. 

Vehicle Data 

These sections contain input data for each vehicle type. It is assumed that the number of 

vehicles in each TxDOT location will remain constant over time (though the model can 

accommodate changes over time). The sections for automobiles, light trucks, and heavy-duty 

gasoline vehicles are conceptually identical; only the variable names differ. The variable names are 

identical except for the vehicle type identifier prefix of Auto, LT, or HDG. These three sections 

will be discussed in general with the variable name prefix of VehType used instead. Since the 

diesel section accommodates both dual-fuel and dedicated conversions, it is slightly different 

conceptually and will be discussed separately. The input data for the automobiles, light trucks, and 

heavy-duty gasoline vehicles are as follows: 

VehType.Num.CNG.Converted - this is the number of vehicles converted to dual-fuel 

CNG operation in a certain year. It is assumed that conversions must be performed for the 

first 10 years, since OEM vehicles are not available. 

YehType.Num.CNG.Trans - when converted vehicles reach the end of their TxOOT life at 

the beginning of a specific year, their kits and tanks are assumed to be transferred to the 

49 Personal communication with Robert Petsinger of eNG Services of PittSburgh, Inc., PittSburgh, 
Pennsylvania. 
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new replacement vehicles, unless OEM vehicles are available. In that case, the kit is 

salvaged. 

YehType.Num.CNG.Retired - number of converted vehicles reaching the end of their 

TxDOT life at the beginning of this year. 

YehTYDe.Num.OEM - number of OEM CNG vehicles purchased at the beginning of this 

year. 

YehType.Num.OEM.Retired - number of OEM eNG vehicles reaching the end of their 

TxDOT life at the beginning of this year. 

VehType.Num.Need.Recert - number of converted eNG vehicles needing tank 

recertification in this year (composite tanks must be recertified every 3 years and steel tanks 

every 5 years; there are new tanks available that last 15 years).50 

YehIype.Gasoline.MPG - average fuel efficiency for this vehicle type at this location while 

operating on gasoline. Fiscal year 1991 averages will be used for all TxDOT locations 

analyzed. 

YehTYDe.miles - annual miles traveled for this vehicle type at this location. Fiscal year 

1991 averages will be used for all TxDOT locations analyzed. 

Since the diesel vehicle data section accommodates both dual-fuel and dedicated conversions, it 

is slightly different conceptually from automobiles, light trucks, and heavy-duty gasoline vehicles. 

It is assumed that only dedicated OEM vehicles will be produced (Le., no dual-fuel vehicles).51 

The input data for heavy-duty diesel vehicles are as follows: 

HDD.Num.New.Ded.Converted - this is the number of vehicles converted to dedicated 

eNG operation in a certain year. It is assumed that conversions must be performed in 

years 6 through 10, since OEM vehicles are not available. It is also assumed that dedicated 

eNG conversions are not available until year 6. 

50 Personal communication with Robert Petsinger of CNG Services of Pittsburgh, Inc., Pittsburgh, 
Penns y lvania. 
51Environmental Protection Agency, Analysis of the Economic and Enyironmental Effects of Compressed 
Natural Gas as a Vehicle Fuel, Vol. II, Heavy Duty Vehicles, April 1990. 

12 



HDD.Num.Ded.Kits.Trans - when dedicated converted vehicles reach the end of their 

TxDOT life at the beginning of a specific year, their kits and tanks are assumed to be 

transferred to the new replacement vehicles, unless OEM vehicles are available. In that 

case, the kit is salvaged. 

HDD.Num.Ded.Cony.Retired - number of dedicated converted vehicles reaching the end 

of their TxDOT life at the beginning of this year. 

HDD.Num.New.Dual.Conyerted - this is the number of vehicles converted to dual-fuel 

operation in a certain year. It is assumed conversions must be performed in years 6 

through 10, since OEM vehicles are not available. It is also assumed that dual-fuel 

conversions are not available until year 6. 

HDD.Num.Dual.Kits.Trans - when dual-fuel converted vehicles reach the end of their 

TxDOT life at the beginning of a specific year, their kits and tanks are assumed to be 

transferred to the new replacement vehicles, unless OEM vehicles are available. In that 

case, the kit is salvaged. 

HDD.Num.Dual.Conv.Retired - number of dual-fuel converted vehicles reaching the end 

of their TxDUf life at the beginning of this year. 

HDD.Num.Ded.OEM - number of dedicated OEM CNG vehicles purchased at the 

beginning of this year. 

HDD.Num.Ded.OEM.Retired - number of dedicated OEM CNG vehicles reaching the 

end of their TxDOT life at the beginning of this year. 

HDD.Num.Ded.Need.Recert - number of dedicated CNG vehicles needing tank 

recertification in this year (composite tanks must be recertified every 3 years and steel tanks 

every 5 years; there are new tanks available that last 15 years).52 

HDD.Num.DuaLNeed.Recert - number of dual-fuel vehicles needing tank recertification in 

this year (composite tanks must be recertified every 3 years and steel tanks every 5 years; 

52Personal communication with Robert Petsinger of eNG Services of Pittsburgh, Inc., Pittsburgh, 
Pennsylvania. 
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there are new tanks available that last 15 years).53 

HDD.Diesel.MPG - average fuel efficiency for this vehicle type at this location while 

operating on diesel. Fiscal year 1991 averages will be used for all TxDOT locations 

analyzed. 

HDD.miles - annual miles traveled for this vehicle type at this location. Fiscal year 1991 

averages will be used for all TxDaf locations analyzed. 

Note that the yearly data entered for the number of new conversions, conversions retired, kits 

transferred, OEMs purchased, and OEMs retired are based on the TxDOT life of that vehicle type. 

The criteria used for determining the TxDOT life of a vehicle type are based strictly on mileage. 

An automobile, light truck, or heavy-duty gasoline vehicle's life is considered over when it exceeds 

90,000 miles; for a heavy-duty diesel vehicle, the figure is 150,000 miles. 

CALCULATIONS 

A list of all the variable names (and their spreadsheet cell references) used in these calculations 

is shown in the Appendix. This section gives the equations used in all calculations, with an 

explanation of the assumptions inherent in them where required. 

Vehicle Data 

Conceptually, the formulas are the same for automobile, light truck, and heavy-duty gasoline 

vehicle types. As before, the actual reference to Auto, LT, or HDG in each formula is replaced by 

VehType, and the diesel formulas are presented separately. 

VehType.Num.Vehicles = 
(VehType.Num.CNG.Converted + VehType.Num.OEM + VehType.Num.CNG.Trans)­
(VehType.Num.CNG.Retired + VehType.Num.OEM.Retired) 

VehType.CNG.mpg = 
VehType.Gasoline.MPG * VehType.CNG.MPG.Adj.Factor 

VehType.Dual.Fuel.Gasoline.MPG = 
VehType.Gasoline.MPG * VehType.Dual.fuel.MPG.Adjust.Factor 

53Ibid. 

14 



VehType.Annual.NG .consump.scf = 
«(VehType.Num.Vehicles - VehType.Num.Need.Recert) * VehType.miles * 
VehType.Prcnt.NG.miles) I (VehType.CNG.mpg) * NG.Gasoline.Factor) + 
«VehType.Num.Need.Recert * «Work.days.year - Days. off. tank. recert) I 
Work.days.year) * Auto.miles * Auto.Prcnt.NG.miles) I (Auto.CNG.mpg) * 
NG.Gasoline.Factor) 

VehType.Annual.gasoline.consumption.gal = 
«VehType.Num.Vehicles - VehType.Num.Need.Recert) * 
VehType.miles * (1 - VehType.Prcnt.NG.miles) I VehType.Dual.Fuel.Gasoline.MPG) + 

«VehType.Num.Need.Recert * 
«Work.days.year - Days.off.tank.recert) I Work.days.year) * 
VehType.miles * (1 - VehType.Prcnt.NG.miles) I VehType.Oual.Fuel.Gasoline.MPG» + 

«VehType.Num.Need.Recert * (Days.off.tank.recert I Work.days.year) * VehType.miles) 
I VehType.Dual.Fuel.Gasoline.MPG) 

An annual fuel tax is required by Texas law. The amount charged is based on weight and 

annual mileage of the vehicle. Vehicle weights are assumed to be: automobiles - less than 4,000 

lbs; light trucks - less than 4,000 lbs; and heavy-duty gasoline vehicles - between 10,001 and 

15,000 Ibs.54 

Auto (or LT).Annual.NG.FueLTax = 
IF(0<HDD.miles<5000,$30) 
IF(5001 <HDD.miles< 10000,$60) 
IF(I000I<HDD.miles<15000,$90) 
ELSE($120) 

HDG.Annual.NG.Fuel.Tax = 
IF(O < HDG.miles < 5000, $48) 
IF(5001 < HDG.miles 10000, $96) 
IF(10001 < HDG.miles < 15000, $144) 
ELSE($192) 

The diesel equations are as follows: 

HDD.Num.Ded.Vehicles = 
(HDD.Num.New.Ded.Converted + HDD.Num.Ded.OEM + 
HDD.Num.Ded.K.its.Trans) - (HDD.Num.Ded.Conv.Retired + 
HDD.Num.Ded.OEM.Retired) 

54Personal communication with Terry Eulenfeld, TxDOT, Austin, Texas. 
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HDD.Num.Dual.Vehicles = 
(HDD.Num.New.Dual.Converted + HDD.Num.Dual.Kits.Trans) -
HDD.Num.Dual.Conv.Retired 

HDD.Ded.CNG.mpg = 
HDD.Diesel.MPG * HDD.Ded.CNG.MPG.Adj.Factor 

HDD.Dual.MPG = 
HDD.Diesel.MPG * HDD.Dual.MPG.Adjust.Factor 

HDD.Annual.NG.consump.scf = 
«(HDD.Num.Ded.Vehicles - HDD.Num.Ded.Need.Recert) * HDD.miles) I 
(HDD.Ded.CNG.mpg) * NG.Diesel.Factor) + 

«HDD.Num.Ded.Need.Recert * «Work.days.year - Days.off.tank.recert) I 
Work.days.year) * HDD.miles) I (HDD.Ded.CNG.mpg) * NG.Diesel.Factor) + 

«HDD.Num.Dual.Vehicles - HDD.Num.Dual.Need.Recert) * HDD.miles I 
HDD.Dual.MPG) * HDD.Prcnt.NG.consumed.dual * NG.Diesel.Factor + 

«HDD.Num.Dual.Need.Recert * «Work.days.year - Days.off.tank.recert) I 
Work.days.year) * HDD.miles I HDD.Dual.MPG)) * HDD.Prcnt.NG.consumed.dual * 
NG.Diesel.Factor 

HDD.Annual.diesel.consumption.gal = 
«HDD.Num.Dua1.Vehicles - HDD.Num.Dual.Need.Recert) * HDD.miles I 
HDD.Dual.MPG) * (1 - HDD.Prcnt.NG.consumed.dual) + 

«HDD.Num.Dual.Need.Recert * 
«Work.days.year - Days.off.tank.recert) I Work.days.year) * 
HDD.miles I HDD.Dua1.MPG)) * (1 - HDD.Prcnt.NG.consumed.dual) + 

«HDD.Num.Dual.Need.Recert * (Days.off.tank.recertlWork.days.year) * HDD.miles) I 
HDD.Dual.MPG) 

The annual fuel tax for diesel-converted CNG vehicles is identical to gasoline-converted 

vehicles. Heavy-duty diesel vehicle weights are assumed to be between 10,001 and 15,000 Ibs.55 

55 Personal communication with Terry Eulenfeld, TxDOT, Austin, Texas. 
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HDD .Annual.NG.Fuel. Tax = 
IF(O<HDD.miles<SOOO,$48) 
IF(SOOI <HDD.miles< 10000,$96) 
IF(1000l<HDD.miles<lSOOO,$144) 
ELSE($192) 

Fuel Prices 

NG.price.gallon.gasoline.equivalent = 
(Natural.Gas.Price.mcf/l,OOO) * NG.Gasoline.Factor 

NG.price.gallon.diesel.equivalent = 
(Natural.Gas.Price.mcfll,OOO) * NG.Diesel.Factor 

Total.NG.consumption.scf = 
Auto.Annual.NG.consump.scf + LT.Annual.NG.consump.scf + 
HDG.Annual.NG.consump.scf + HDD.Annual.NG.consump.scf 

Station Design 

NG.Session. Time.min = 
«Autos.per.day / Number.of.Hoses) * (Switch.Time.min + 
(Auto.NG.per.fill.scf / Flow.Rate.hose.scfm») + 
«Light.Trucks.per.day / Number.of.Hoses) * (Switch.Time.min + 
(LT.NG.per.fill.scf / Flow.Rate.hose.scfm») + 
«(Heavy.Gasoline.per.day / Number. of. Hoses) * (Switch. Time. min + 
(HDG.NG.per.fill.scf / Flow.Rate.hose.scfm») + 
«Heavy.Ded.Diesel.per.day / Number.of.Hoses) * (Switch. Time. min + 
(HDD.Ded.NG.per.fill.scf / Flow.Rate.hose.scfm») + 
«(Heavy.Dual.Diesel.per.day / Number.of.Hoses) * (Switch.Time.min + 
(HDD.Dual.NG.perJill.scf / Flow.Rate.hose.scfm») 

Design.Daily.NG.demand.scf = 
«Auto.Num.Vehicles * Auto.miles * Auto.Prcnt.NG.miles / Auto.CNG.mpg * 
NG.Gasoline.Factor) + 
(LT.Num.Vehicles * LT. miles * LT.Prcnt.NG.miles / LT.CNG.mpg * 
NG.Gasoline.Factor) + 
(HDG.Num.Vehicles * HDG.miles * HDG.Prcnt.NG.miles / HDG.CNG.mpg * 
NG.Gasoline.Factor) + 
(HDD.Num.Ded.Vehicles * HDD.miles / HDD.Ded.CNG.mpg * 
NG.Diesel.Factor) + 
(HDD.Num.Dual.Vehicles * HDD.miles / HDD.Dual.MPG * 

.HDD.Prcnt.NG.consumed.dual * NG.Diesel.Factor» / Work.days.year 

17 



The inherent assumption in the following equation is that the cheapest station design is to 

minimize compressor size by allowing it to run 24 hours/day and maximize storage. This may not 

always be the case; but even if not, the assumption yields costs that are reasonable for the purpose 

of this analysis, given the uncertainty in all costs and savings. 

Min.Comp.Size.scfm = 
Design.Daily.NG.demand.scf I Cycle.Time 

An assumption inherent in the following equation is that the station is designed to fill all the 

required vehicles continuously in one session per cycle (per day in TxDOT's case). Less storage is 

required if more sessions are allowed per cycle (such as morning and evening sessions or vehicles 

fueling uniformly throughout the day), which can result in somewhat significant costs savings.56 

Max.Storage.scf = 
Design.Daily.NG.demand.scf I (Useable. Storage * (1 + (NG.Session.Time.min I 
(Cycle. Time - NG.Session.Time.min»» 

The following equation was derived by a curve-fit to actual sizeJHP data. 

Min.Comp.HP = 
2.6588 + (0.54898 * Min.Comp.Size.scfm) 

The assumption inherent in the following three equations is that vehicles fuel when they are 

almost empty. 

Autos.(or Light.Trucks. or Heavy.Gasoline.)per.day = 
(VehType.Num.Vehicles * VehType.miles * VehType.Prcnt.NG.miles I 
VehType.CNG.mpg * NG.Gasoline.Factor) I «VehType.NG.per.fill.sct) * 
Work.days.year) 

Heavy.Ded.Diesel.per.day = 
(HDD.Num.Ded.Vehicles * HDD.miles I 
HDD.Ded.CNG.mpg * NG.Diesel.Factor) I «HDD.Ded.NG.per.fill.sct) * 
Work.days.year) 

56Dean B. Taylor, Mark A. Euritt, and Rani S. Mahrnassani, "Economic Evaluation of CNG Fleet Conversion 
and Operation," a paper prepared for presentation at the 7lst Annual Meeting of the Transportation Research 
Board, January 1992. 
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Heavy.Dual.Diesel.per.day = 
(HDD.Num.Dual.Vehicles * HDD.miles * HDD.Prcnt.NG.consumed.dual/ 
HDD.Dual.MPG*NG.Diesel.Factor) / «HDD.Dual.NG.per.fill.scO * 
Work.days.year) 

VehType.NG.per.fill.scf = 
(VehType.Fuel.Capacity.scf * VehType.tanks.per.veh. * Fast.fill.onboard.storage) -
« (VehType.Fuel.Capacity .scf * VehType.tanks.per. veh.) / Tank.fill.factor.3,OOOpsi) * 
Tank.ftll.factor.lOOpsi) 

Labor Time Loss Calculations 

The assumption inherent in the following two equations is that vehicles fuel when they are 

almost empty. These are the number of dedicated gasoline/diesel vehicles requiring fueling daily 

to offset the natural gas usage of their replacement CNG vehicles. These values can then be used 

to calculate dedicated gasoline and diesel fueling session times which are directly comparable with 

the natural gas fueling session time, in order to compute labor losses due to fueling. Thus, the 

computation of labor losses assumes that the fueling of converted dual-fuel vehicles with gasoline 

or diesel would take the same amount of time as fueling the original gasoline or diesel vehicle, for 

the miles a dual-fuel vehicle utilizes gasoline or diesel. In actuality this is not the case, since 

gasoline/diesel fuel efficiency drops when the vehicle is converted. However, this error is small 

and is therefore ignored in order to make computations simpler. In fact, there is no error for 

gasoline vehicles if 100 percent of the mileage driven is on CNG. 

Number.(Autos or LT. Trucks or Heavy.Gas).day = 
«VehType.Num.Vehicles * (VehType.miles * VehType.Prcnt.NG.miles / 
VehType.Gasoline.MPG» / Work.days.year) / 
(VehType. On.board.gasoline.capacity - Fuel.in.em pty. tank. gal) 

Number.Diesel.day = 
«HDD.Num.Ded.Vehicles * (HDD.miles / 
HDD.Diesel.MPG» / Work.days.year) / 
(HDD.On.board.diesel.capacity - Fuel.in.empty.tank.gal) + 

«(HDD.Num.Dual.Vehicles * (HDD.miles * HDD.Prcnt.NG.consumed.dual/ 
HDD.Diesel.MPG» / Work. days. year) / 
(HDD.On.board.diesel.capacity - FueLin.empty.tank.gal) 

The following two equations give the continuous fueling session times necessary if dedicated 

gasoline and diesel vehicles are retained. 
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Ded. Gasoline.Session. Time = 
«Number.Autos.day I Number.Gasoline.hoses) '" 
(Gasoline.diesel.switch.time + «Auto.On.board.gasoline.capacity­
Fuel.in.empty.tank.gal) I Gasoline.fill.rate.ga1.min))) + 
«Number.LT.Trucks.day I Number.Gasoline.hoses) '" 
(Gasoline.diesel.switch.tirne + «L T.On.board.gasoline.capacity - Fuel.in.empty.tank.gal) I 
Gasoline.filI.rate.gal.min))) + 
«Number.Heavy.Gas.day I Number.Gasoline.hoses) '" 
(Gasoline.diesel.switch.tirne + «HDG.On.board.gasoline.capacity -
Fuel.in.empty.tank.gal) I Gasoline.fIll.rate.gal.min))) 

Ded.Diesel.Session.Time = 
«Number.Diesel.day I Number.Diesel.hoses) '" 
(Gasoline.diesel.switch.time + «HDD.On.board.diesel.capacity - Fuel.in.empty.tank.gal) I 
Diesel.ftll.rate.ga1.min))) 

Savings 

Gasoline Savings (Auto or LT or HDG) = 
««VehType.miles '" VehType.Num.Vehicles) I 
VehType.Gasoline.MPG) '" Gasoline.Price.gallon) -
(VehType.Annual.NG.consump.scf'" (Natural.Gas.Price.mcflI ,(00)) -
(VehType.Annual.gasoline.consump.gal '" Gasoline.Price.gallon)) 

Diesel Savings = 
««HDD.miles '" (HDD.Num.Ded.Vehicles + HDD.Num.Dual.Vehicles)) I 
HDD.Diesel.MPG) '" Diesel.Price.galIon) -
(HDD.Annual.NG.consump.scf'" (Natural.Gas.Price.mcf/I,OOO)) -
(HDD.Annual.diesel.consump.gal '" Diesel.Price.gallon)) 

Maintenance savings = 

Costs 

(Auto.Num.Vehicles'" Auto.Maint.Cost.Diff) + 
(LT.Num.Vehicles '" LT.Maint.Cost.Diff) + 
(HDG.Num. Vehicles'" HDG.Maint.Cost.Diff) + 
(HDD.Num.Ded.Vehicles '" HDD.Maint.Cost.Diff.Ded) + 
(HDD.Num.Dual.Vehicles '" HDD.Maint.Cost.Diff.Dual) 

Infrastructure 

Land costs are assumed to be negligible for TxDOT. 
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Station Setup = 
Station.Setup.Cost.Factor * (Compressor.costs + Storage.Vessels.costs + Dispenser.costs) 

The following two equations were derived by curve-fitting to actual size/cost data. For the 

compressor, 5 psig inlet pressure was assumed. 

Compressor = 
(15,791 + (482.38 * Min.Comp.Size.scfm) + (0.16734 * (Min.Comp.Size.scfm "2» -
(0.001037 * (Min.Comp.Size.scfm " 3») 

Storage Vessels = 
(-487.55 + (1.0889 * Max.Storage.scO) 

Vehicle 

Conversion Kit = 
«Auto.Num.CNG.Converted * Auto.Conv.Kit.Cost) + 
(LT.Num.CNG.Converted * LT.Conv.Kit.Cost) + 
(HDG.Num.CNG.Converted * HDG.Conv.Kit.Cost) + 
(HDD.Num.New.Ded.Converted * HDD.Ded.Conv.Kit.Cost) + 
(HDD.Num.New.Dual.Converted * HDD.Dual.Conv.Kit.Cost» -

«(Auto.Num.CNG.Retired - Auto.Num.CNG.Trans) * Auto.Conv.Kit.Salvage.Value) + 
«LT.Num.CNG.Retired - LT.Num.CNG.Trans) * LT.Conv.Kit.Salvage.Value) + 
«(HDG.Num.CNG.Retired - HDG.Num.CNG.Trans) * HDG.Conv.Kit.Salvage.Value) + 
«HDD.Num.Ded.Conv.Retired - HDD.Num.Ded.Kits.Trans) * 
HDD.Ded.Conv.Kit.Salvage.Value) + «(HDD.Num.Dual.Conv.Retired -
HDD.Num.Dual.Kits.Trans) * HDD.Dual.Conv.Kit.Salvage.Value» 

Tanks = 
(Auto.Num.CNG.Converted * Auto.Tank.cost * Auto.tanks.per.veh.) + 
(LT.Num.CNG.Converted * LT.Tank.cost * LT.tanks.per.veh.) + 
(HDG.Num.CNG.Converted * HDG.Tank.cost * HDG.tanks.per.veh.) + 
(HDD.Num.New.Ded.Converted * HDD.Tank.cost * HDD.tanks.per.Ded.veh.) + 
(HDD.Num.New.Dual.Converted * HDD.Tank.cost * HDD.tanks.per.Dual.veh.)-

«Auto.Num.CNG.Retired * Auto.Tank.Salvage.Value * Auto.tanks.per.veh.) + 
(LT.Num.CNG.Retired * LT.Tank.Salvage.Value * LT.tanks.per.veh.) + 
(HDG.Num.CNG.Retired * HDG.Tank.Salvage.Value * HDG.tanks.per.veh.) + 
(HDD.Num.Ded.Conv.Retired * HDD.Tank.Salvage.Value * HDD.tanks.per.Ded.veh.) + 
(HDD.Num.Dual.Conv.Retired * HDD.Tank.Salvage.Value * HDD.tanks.per.Dual.veh.» 
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Labor = 
«Auto.Num.CNG.Converted + Auto.Num.CNG.Trans) '" Auto.Conv.lab.cost) + 
«LT.Num.CNG.Converted + Lt.Num.CNG.Trans) '" LT.Conv.lab.cost) + 
«HDG.Num.CNG.Converted + HDG.Num.CNG.Trans) '" HDG.Conv.lab.cost) + 
«HDD.Num.New.Ded.Converted + HDD.Num.Ded.Kits.Trans) '" 
HDD.Ded.Conv.lab.cost) + 
«HDD.Num.New.Dual.Converted + HDD.Num.Dual.Kits.Trans) '" 
HDD.Dual.Conv.lab.cost) 

OEM = 
«Auto.Num.OEM '" Auto.OEM.Cost.Dift) + 
(LT.Num.OEM '" L T.OEM.Cost.Dift) + 
(HDG.Num.OEM"'HDG.OEM.Cost.Dift) + 
(HDD.Num.Ded.OEM"'HDD.OEM.Cost.Dift) -

«Auto.Num.OEM.Retired * Auto.OEM.Salvage.Value) + 
(LT.Num.OEM.Retired'" LT.OEM.Salvage.Value) + 
(HDG.Num.OEM.Retired'" HDG.OEM.Salvage.Value) + 
(HDD.Num.Ded.OEM.Retired"'HDD.OEM.Salvage.Value» 

Qperatinl: 

Station Maintenance = 
(Total.NG.consump.scf / NG.Gasoline.Factor) '" Station.Maint.cost.gale 

Cylinder Recertification = 
(Auto.Num.Need.Recert '" Auto.tanks.per.veh. '" Auto.Tank.Recert.Cost) + 
(LT.Num.Need.Recert '" LT.tanks.per.veh. '" LT.Tank.Recert.Cost) + 
(HDG.Num.Need.Recert '" HDG.tanks.per.veh. '" HDG.Tank.Recert.Cost) + 
(HDD.Num.Ded.Need.Recert'" HDD.tanks.per.Ded.veh. '" HDD.Tank.Recert.Cost) + 
(HDD.Num.Dual.Need.Recert '" HDD.tanks.per.Dual.veh. '" HDD.Tank.Recert.Cost) 

This power cost estimate is a maximum cost; the actual cost will be somewhat less. This 

estimate assumes that the compressor motor draws full current at all times. This is the case only if 

the back-pressure on the compressor is at its maximum (Le., when compressing into a full storage 

vessel). 

Power = 
Min.Comp.HP '" 
(Auto.Annual.NG.consump.scf + LT.Annual.NG.consump.scf + 
HDG.Annual.NG.consump.scf + HDD.Annual.NG.consump.sct) / 
Min.Comp.Size.scfm * 0.745712/60'" Electric.cost.kwh 
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Labor Fueling Time Loss = 
«Number.of.Hoses '" NG.Session.Time.min -
Number.Gasoline.hoses '" Ded.Gasoline.Session.Time -
Number.Diesel.hoses'" Ded.Diesel.Session.Time) /60) '" 
Work.days.year '" Labor.Cost.hour 

NG Fuel Tax = 
Auto.Num.Vehicles '" Auto.Annual.NG.Fuel.Tax + 
LT.Num.Vehicles '" LT.Annual.NG.Fuel.Tax + 
HDG.Num.Vehicles'" HDG.Annual.NG.Fuel.Tax + 
HDD.Num.Ded.Vehicles '" HDD.Annual.NG.Fuel.Tax + 
HDD.Num.Dual. Vehicles"'HDD.Annual.NG.Fuel. Tax 

Additional training can include costs to train mechanics to work on CNG vehicles, costs to 

train drivers to operate CNG vehicles, costs to train maintenance workers to perform fueling 

station maintenance, etc. There is no cost added for this item. 

Cost Per Vehicle Per Year 

This cost allows one to compare conversion of different size fleets or to compute items such as 

gasoline taxes required to make conversion cost-effective. It is calculated by computing an annuity 

equivalent to the Cumulative NPV and then dividing this annuity by the number of vehicles in the 

fleet in Year 30. This value is not valid if the number of vehicles does not remain constant over 

the whole analysis time period. Also, each vehicle type is given the same weight. 

EMBEDDED MODEL ASSUMPTIONS 

This section presents the embedded model assumptions that have not been discussed 

previously. 

It is assumed that ASME vessels are used for fueling station storage. Therefore, no 

recertification is required for these vessels. 

No savings are accrued for power cost savings or maintenance savings because of reduced 

usage of gasoline/diesel fuel dispensers. Nor are any savings given for possible elimination of 

gasoline/diesel fueling stations. 
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On-board composite eNG cylinders requiring recertification every 3 years are assumed, 

although composites are available that do not require recertification for 15 years and there are steel 

cylinders that require recertification only every 5 years.57,58 

57lbid 
58Personal communication with Paul Funk, Western Sales and Testing of Deer Park, Inc., Deer Park, Texas. 
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APPENDIX 
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Variable Name Cell Rderence 
AnnuaI.Fue1.Price.Adjustment =$B$231 
Auto.Annual.gasoline.consump.gal =$B$72:$AH$72 
Auto.Annual.NG .consump.scf =$B$71 :$AH$71 
Auto.Annual.NG.Fue1.Tax =$B$85:AF$85 
Auto.CNG.mpg =$B$66:$AH$66 
Auto.CNG.MPG.Adj.Factor =$B$65:$AH$65 
Auto.Conv.Kit.Cost =$B$73:$AH$73 
Auto.Conv .Kit.Salvage. Value =$B$7 4:$AH$7 4 
Auto.Conv.1ab.cost =$B$75:$AH$75 
Auto.Dual.Fue1.Gasoline.MPG =$B$68:$AH$68 
Auto.Dual.fue1.MPG.Adjust.Factor =$B$67 :$AH$67 
Auto.Fue1. Capacity. scf =$B$80:$AH$80 
Auto.Gasoline.MPG =$B$63:$AH$63 
Auto.Maint.Cost.Diff =$B$84:$AH$84 
Auto.miles =$B$70:$AH$70 
Auto.NG.per.fill.scf =$B$250:$AH$250 
Auto.Num.CNG.Converted =$B$51:$AH$51 
Auto.Num.CNG.Retired =$B$55:$AH$55 
Auto.Num.CNG.Trans =$B$53:$AH$53 
Auto.Num.Need.Recert =$B$61:$AH$61 
Auto.Num.OEM =$B$57:$AH$57 
Auto.Num.OEM.Retired =$B$59:$AH$59 
Auto.Num. Vehicles =$B$49:$AH$49 
Auto.OEM.Cost.Diff =$B$78:$AH$78 
Auto.OEM.Salvage. Value =$B$79:$AH$79 
Auto.On.board.gasoline.capacity =$A$86:$AH$86 
Auto.Prcnt.NG.miles =$B$83:$AH$83 
Auto.Tank.cost =$B$76:$AH$76 
Auto.Tank.Recert.Cost =$B$82:$AH$82 
Auto.Tank.Salvage. Value =$B$77:$AH$77 
Auto.tanks.per.veh. =$B$81:$AH$81 
Autos. per. day =$B$245:$AH$245 
Compressor.costs =$B$16:$AH$16 
Compressor.Salvage. Value =$B$256:$AH$256 
Conversion.Kit.costs =$B$23:$AH$23 \ 
Cost.per. veh.per.year =$B$45 
Cumulative.NPV =$AI$40 
Cycle.Time =$B$243:$AH$243 
Days.off.tank.recert =$B$285 
Ded.Diese1.Session.Time =$B$273:$AH$273 
Ded.Gasoline.Session. Time =$B$272:$AH$272 
Design.Daily.NG.demand.scf =$B$241 :$AH$241 
Diese1.fill.rate.gal.min =$B$263 :$AH$263 
Diese1.Price.gallon =$B$228:$AH$228 
Discount.Rate =$B$286 
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Variable Name Cell Reference 
Dispenser.costs =$B$18:$AH$18 
Dispenser.Salvage.Value =$B$258:$AH$258 
Dryer.Salvage.Value =$B$259:$AH$259 
Electric.cost.kwh =$B$284 
Fast.fill.onboard.storage =$B$277 
Flow.Rate.hose.scfm =$B$238:$AH$238 
Fuel.in.empty.tank.gal =$B$280 
Fuel.Price.Diff. =$B$3 
Gasoline.diesel.switch.time =$B$264:$AH$264 
Gasoline.fill.rate.gal.min =$B$262:$AH$262 
Gasoline.Price.gallon =$B$227 :$AH$227 
HDD.Annual.diesel.consump.gal =$B$204:$AH$204 
HDD.Annual.NG.consump.scf =$B$203:$AH$203 
HDD.Annual.NG.Fuel. Tax =$B$222:$AH$222 
HDD.Ded.CNG.mpg =$B$198:$AH$198 
HDD.Ded.CNG.MPG.Adj.Factor =$B$197:$AH$197 
HDD.Ded.Conv.Kit.Cost =$B$205:$AH$205 
HDD.Ded.Conv.Kit.Salvage.Value =$B$206:$AH$206 
HDD.Ded.Conv.lab.cost =$B$207:$AH$207 
HDD.Ded.NG.per.fill.scf =$B$253:$AH$253 
HDD.Diesel.MPG =$B$195:$AH$195 
HDD.Dual.Conv.Kit.Cost =$B$208:$AH$208 
HDD.Dual.Conv.Kit.Salvage.Value =$B$209:$AH$209 
HDD.Dual.Conv.1ab.cost =$B$210:$AH$210 
HDD.Dual.MPG =$B$200:$AH$200 
HDD.Dual.MPG.Adjust.Factor =$B$199:$AH$199 
HDD.Dual.NG.per.fill.scf =$B$254:$AH$254 
HDD.Fuel.Capacity.scf =$B$215:$AH$215 
HDD. Maint. Cost.Diff.Ded =$B$220:$AH$220 
HDD.Maint.CostDiff.Dual =$B$221 :$AH$221 
HDD.miles =$B$202:$AH$202 
HDD.Num.Ded.Conv.Retired =$B$ 179:$AH$ 179 
HDD.Num.Ded.Kits. Trans =$B$177 :$AH$177 
HDJ:).Num.Ded.Need.Recert =$B$191:$AH$191 
HDD.Num.Ded.OEM =$B$187:$AH$187 
HDD.Num.Ded.OEM.Retired =$B$189:$AH$189 
HDD.Num.Ded.Vehic1es =$B$ 172:$AH$ 172 
HDD.Num.Dual.Conv.Retired =$B$185:$AH$185 
HDD.Num.Dua1.Kits.Trans =$B$183:$AH$183 
HDD.Num.Dual.Need.Recert =$B$193:$AH$193 
HDD.Num.Dual.Vehic1es =$B$173:$AH$173 
HDD.Num.New.Ded.Converted =$B$175:$AH$175 
HDD.Num.New.Dual.Converted =$B$181 :$AH$181 
HDD.OEM.Cost.Diff =$B$213:$AH$213 
HDD.OEM.Salvage.Value =$B$214:$AH$214 
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Variable Name Cell Reference 
HDD. on.boara.diesel. capacity =$B$223:$AH$223 
HDD.Prcnt.NG.consumed.dual =$B$219:$AH$219 
HDD.Tank.cost =$B$211:$AH$211 
HDD.Tank.Recert.Cost =$B$218:$AH$218 
HDD. Tank.Salvage. Value =$B$212:$AH$212 
HDD.tanks.per.Ded.veh. =$B$216:$AH$216 
HDD. tanks.per.Dual. veh. =$B$217 :$AH$217 
HDG.Annual.gasoline.consump.gal =$B$154:$AH$154 
HDG.Annual.NG.consump.scf =$B$153:$AH$153 
HDG.Annual.NG.Fuel.Tax =$B$167:$AH$167 
HDG.CNG.mpg =$B$148:$AH$148 
HDG.CNG.MPG.Adj.Factor =$B$147:$AH$147 
HDG.Conv.Kit.Cost =$B$155:$AH$155 
HDG.Conv.Kit.Salvage.Value =$B$156:$AH$156 
HDG.Conv.lab.cost =$B$157:$AH$157 
HDG.Dual.Fuel.Gasoline.MPG =$B$150:$AH$150 
HDG.Dual.fuel.MPG.Adjust.Factor =$B$149:$AH$149 
HDG.Fuel.Capacity.scf =$B$162:$AH$162 
HDG.Gasoline.MPG =$B$145:$AH$145 
HDG.Maint.Cost.Diff =$B$166:$AH$166 
HDG.miles =$B$152:$AH$152 
HDG.NG.per.fill.scf =$B$252:$AH$252 
HDG.Num.CNG.Converted =$B$133:$AH$133 
HDG.Num.CNG.Retired =$B$137:$AH$137 
HDG.Num.CNG.Trans =$B$135:$AH$135 
HDG.Num.Need.Recert =$B$143:$AH$143 
HDG.Num.OEM =$B$139:$AH$139 
HDG.Num.OEM.Retired =$B$141 :$AH$141 
HDG.Num.Vehicles =$B$131:$AH$131 
HDG.OEM.Cost.Diff =$B$l60:$AH$l60 
HDG.OEM.Salvage. Value =$B$161 :$AH$161 
HDG.On.board.gasoline.capacity =$B$168:$AH$168 
HDG.Prcnt.NG.miles =$B$165:$AH$165 
HDG.Tank.cost =$B$158:$AH$158 
HDG.Tank.Recert.Cost =$B$l64:$AH$l64 
HDG.Tank.Salvage.Value =$B$ 159:$AH$ 159 
HDG.tanks.per.veh. =$B$163:$AH$163 
Heavy.Ded.Diesel.per.day =$B$248:$AH$248 
Heavy.Dual.Diesel.per.day =$B$249:$AH$249 
Heavy.Gasoline.per.day =$B$247:$AH$247 
Labor.Cost.hour =$B$265:$AH$265 
Labor. costs =$B$25:$AH$25 
Land.costs =$B$14:$AH$14 
Light. Trucks.per.day =$B$246:$AH$246 
LT.Annual.gasoline.consump.gal =$B$l13:$AH$l13 
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Variable Name Cell Reference 
LT.AnnualNG.consump.scf =$B$1 12:$AH$112 
L T.Annual.NG.Fuel.Tax =$B$ 126:$AH$ 126 
LT.CNG.mpg =$B$107:$AH$107 
LT.CNG.MPG.Adj.Factor =$B$l06:$AH$l06 
LT.Conv.Kit.Cost =$B$114:$AH$114 
LT.Conv.Kit.Salvage.Value =$B$115:$AH$115 
LT.Conv.lab.cost =$B$116:$AH$116 
LT.Dual.Fuel.Gasoline.MPG =$B$ l09:$AH$ 109 
LT.Dual.fueI.MPGAdjust.Factor =$B$108:$AH$108 
LT.FueI.Capacity.scf =$B$121:$AH$121 
LT.Gasoline.MPG =$B$l04:$AH$l04 
LT.Maint.Cost.Diff =$B$125:$AH$125 
LT .miles =$B$111 :$AH$111 
LT.NG.per.fill.scf =$B$251:$AH$251 
LT.Num.CNG.Converted =$B$92:$AH$92 
LT.Num.CNG.Retired =$B$96:$AH$96 
LtNum.CNG.Trans =$B$94:$AH$94 
L T.Num.Need.Recert =$B$102:$AH$102 
LT.Num.OEM =$B$98:$AH$98 
LT. Num.OEM.Retired =$B$ l00:$AH$ 100 
LT.Num. Vehicles =$B$90:$AH$90 
LT.OEM.CostDiff =$B$119:$AH$119 
LT. OEM. S alvage. Value =$B$120:$AH$120 
LT.On.board.gasoline.capacity =$B$127:$AH$127 
LT.Prcnt.NG.miles =$B$ 124:$AH$ 124 
LT. Tank.cost =$B$117:$AH$117 
LT. Tank.Recert.Cost =$B$ 123:$AH$ 123 
LT.Tank.Salvage.Value =$B$118:$AH$118 
LT.tanks.per.veh. =$B$122:$AH$122 
Max.Storage.scf =$B$240:$AH$240 
Min.Comp.HP =$B$242:$AH$242 
Min.Comp.Size.scfm =$B$239:$AH$239 
Natural.Gas.Price.mcf =$B$226:$AH$226 
NG.Diesel.Factor =$B$282 
NG.Gasoline.Factor =$B$281 
NG.price.gallon.diesel.equivalent =$B$230:$AH$230 
NG.price.gallon.gasoline.equivalent =$B$229:$AH$229 
NG.Session. Time.min =$B$237 :$AH$237 
Number.Autos.day =$B$268:$AH$268 
Number.Diesel.day =$B$271 :$AH$271 
Number.Diesel.hoses =$B$267:$AH$267 
Number.Gasoline.hoses =$B$266:$AH$266 
Number.Heavy.Gas.day =$B$270:$AH$270 
Number.LT. Trucks.day =$B$269:$AH$269 
Number.of.Hoses =$B$244:$AH$244 
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Variable Name 
OEM. costs 
Station.Maint.cost.gale 
Station.Setup.CostFactor 
Station.setup.costs 
Storage. Vessel.Salv. V al 
Storage. Vessels.costs 
Switch.Time.min 
Tank.fill.factor .100psi 
Tank.fill.factor .3000psi 
Tanks.costs 
Total.NG.consump.scf 
U seable.Storage 
Work.days.year 

30 

Cell Referenee 
:=$B$26:$AH$26 
=$B$283 
=$B$255:$AH$255 
=$B$15:$AH$15 
=$B$257 :$AH$257 
=$B$17:$AH$17 
=$B$236:$AH$236 
=$B$279 
=$B$278 
=$B$24:$AH$24 
=$B$232:$AH$232 
=$B$235:$AH$235 
=$B$276 
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w 
I\) 

46 
47 
48 
49 
51 
53 
55 
57 
59 
61 
63 
65 
66 
67 
68 

~ 71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

A 
Period 

VEmCLEDATA 
Automobiles: 
Number of Vehicl .. 
Number New Ccn..asions 
Number KiIa TllNlfcmcd 
Number ConvCillliOlll RcIin:d 
Number OEM 
NumberOEM RCIimt 

Number Vehicle Needina Recen. 
Gasoline MI'G 
CNGMPGMjusLFacIOr 
CNGMPG 
Dual·t..d MI'G AdjusL F",,1Or 
Dual·fuel Guoline MPG 

_ArulUIl mil .. traveled per vehicle 
ArulUIl NG consump (scf) 
ArulUIl a_line cansump (gal) 

Ccnvasion Kit Cost 
COIlV. Kit Salvau Vallie 
Ccnv. bbor cost 
Tank COlt 
Tank Salv ..... Value 
OEM Cost Diff.....,.,.. 
OEM Salvag .. V ....... Diff""",ee 
fuel CapacityJ\anl< (scf) 

Number tanblvth. 
Tank Recen. C<IIt/IMt 
"NO mil .. 
MainL Cost DiffcrenccIYear 
ArulUIl NO fuel TullCr vehicl .. 
On·board auoline capacity 

B C 0 
.... 1 1 1 

4 4 .4 
4 

20.8 20.8 20.8 
0.95 0.95 0.95 
19.8 19.8 19.8 
0.95 0.95 0.95 
19.8 19.8 19.8 

8.176 8.176 8.176 
203.113 203.113 

0 0 
$700 $700 $700 
$200 $200 $200 
$800 $800 $800 
$450 $450 $450 

SO $0 $0 
$900 $900 $900 
$200 $200 $200 

600 600 600 
1 1 1 

555 ISS $55 
100.. 100.. 100'f> 

$0 $0 $0 
$60 $60 $60 

16 16 16 

E F G H I 
3 4 5 (I 7 

----

4 4 4 4 4 

4 4 
ZO.8 20.8 20.8 20.8 20.8 
0.95 0.95 0.95 0.95 0.95 
lU 19.8 19 .• 19.8 19.8 
0.95 0.95 0.95 0.95 0.95 
19.8 IU 19.8 19.8 19.8 

8.176 8,176 8.176 8,116 8176 
203.113 199,201 203.113 203.113 199,207 

0 32 0 0 32 
$700 $700 $700 S700 $700 
$200 $200 $200 $200 $200 
$800 $800 $800 $800 $800 
$450 $450 $450 $450 $450 

$0 $0 $0 $0 $0 
$900 $900 $900 $900 $900 
$200 $200_ S200 $200 $200 

600 600 600 600 600 
I 1 1 1 1 

55S 5SS $SS 55S 555 
100.. 100.. \00'f> lOOf., 100.. 

$0 $0 $0 $0 $0 
$60 $60 $60 $60 $60 

16 16 16 16 16 

3124192 - NPV-CNG Version 4 (lor user's) 

J K L M N 0 P Q 
8 9 1. 11 12 13 14 15 

4 4 4 4 4 4 4 4 

--
4 

4 

4 
2O.S 20.1 20.8 2O.S 20.8 20.8 2M 20.8 
0.95 0.95 0.95 0.95 0.95 1.15 1.15 1.15 
19.8 19.8 1U 19.8 19.8 23.9 23.9 23.9 
0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 
19.8 19.8 19.8 19.8 19.8 19.8 IU IU 

8.176 8.176 8,116 8.176 8.176 1.176 8176 8,116 
203,113 203,113 199,207 203.113 203.113 167.189 167.789 167189 

0 0 32 0 0 0 0 0 
$700 $700 $700 $700 $700 $700 $700 $700 
$200 $200 $200 $200 $200 $200 $200 $200 
$800 $800 $800 $800 5800 $800 $800 $800 
$450 $450 $450 $450 $450 $450 $450 $4SO 

$0 $0 $0 $0 $0 $0 SO $0 
$900 $900 $900 $900 $900 $900 $900 $900 
$200 $200 $200 $200 S200 $200 $200 $200 

600 600 600 600 600 600 600 600 
1 1 1 1 I 1 1 1 

$55 55S 555 55S 555 SSS $S5 $55 
l00'f> 100" loa.. 100f., 100.. 100.. loa.. lOOt.. 

$0 $0 $0 $0 $0 $0 $0 $0 
$60 $60 $60 $60 $60 $60 $60 $60 

16 16 16 16 16 16 16 16 



U) 
U) 

87 
88 
89 
90 
92 
94 
96 
98 

100 
102 
104 
106 
107 
108 
109 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

A 
Period 

VEWCLEDATA 
Licht TrIKk8: 

Numbc:r aIVchic1 .. 
Numbc:r New Cmycmonl 
Numbc:r Kill Tran.ro:rRd 
Numbc:r Conversion. RcIircd 
Numbc:rOEM 
Numbc:r OEM RcIircd 

Numbc:r Vehicle Needing Rec:cn. 
GasolincMPG 
CNG MPG AdjUiL FacIOr 
CNGMPG 
DuaI·fud MPG AdjusL Foe1m' 
DuaI·Fud Gasoline MPG 
Annllll mil .. trayded~ychicle 
Annllll NG consumll (ad) 

Annllll aasoline conlUftlll (Ral) 
CooYCllion Ki1 Cost 
Cmy. Kit Salvaae Value 
Cmy.1obor cost 

Tank COlt 
Tank Salvoge Value 
OEM Cost Difference 
OEM Salvaae Value DiffClalce 
Fud c.p..,;ty/lank (ad) 

Numbc:r tanks/Veh. 
Tank Rec:cn. CosrAank 
'l>NGmiI .. 
MainL Cost DiffClalcc/yeor 
Annllll NG Fud Tax per yehicle 
On·boud lIosoline capacity 

B C 0 
Healn 1 1 1 

78 78 78 
78 

lS.1 lS.1 IS.I 
0.95 0.95 0.95 
14.3 14.3 14.3 
0.9S 0.95 0.9S 
14.3 14.3 14.3 

9115 9,lIS 9,lIS 
6,082,403 6,082,403 

0 0 
$700 $700 $700 
$200 $200 $200 
$600 $600 $600 
$4S0 $4S0 $4S0 

$0 $0 $0 
$900 $900 $900 
$200 $200 $200 

600 600 600 
2 2 2 

$SS $55 $SS 
100'1> 100'1> 100'1> 

$0 $0 $0 
$60 $60 $60 

18 18 18 

E F G H I 
3 4 5 6 7 

78 78 78 78 78 

78 78 
IS.I IS.I IS.I IS.I IS.I 
0.9S 0.95 0.9S 0.95 0.9S 
14.3 14.3 14.3 14.3 14.3 
0.9S 0.95 0.9S 0.9S 0.9S 
14.3 14.3 14.3 14.3 14.3 

9,l1S 9 lIS 9,lIS 9,l1S 9,lIS 
6,082,403 S,96S,434 6,082,403 6,082,403 S,96S,434 

0 953 0 0 953 
$700 $700 $700 $700 $700 
$200 $200 $200 $200 $200 
$600 $600 $600 $600 $600 
$4S0 $4S0 $4S0 $450 $4S0 

$0 $0 $0 $0 $0 
$900 $900 $900 $900 $900 
$200 $200 $200 $200 $200 

600 600 600 600 600 
2 2 2 2 2 

SSS $SS $SS SSS $SS 
100'1> 100'1> 100'1> 100'1> 100'1> 

$0 $0 $0 $0 $0 
$60 $60 $60 $60 $60 

18 ~ 18 18 18 
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J K L M N 0 P a 
8 9 10 11 11 13 14 15 

78 78 78 78 78 78 78 781 

78 
78 I 

78 
lS.1 lS.1 IS.l IS.I IS. I lS.1 is.1 IS.I 
0.9S 0.9S 0.9S 1.1S 1.1S 1.1S 1.1S I.1S 
14.3 14.3 14.3 17.4 17.4 17.4 17.4 17.4 
0.95 0.9S 0.9S 0.95 0.9S 0.9S 0.95 0.9S 
14.3 14.3 14.3 14.3 14.3 14.3 14.3 14.3: 

9,l1S 9,115 9,l1S 9,l1S 9,l1S 911S 9,lIS 911S' 
6,082,403 6,082,403 .5,965,434 S,024,S94 S,024,.594 5,024,.594 5,024,.594 5,024,.594 

0 0 953 0 0 0 0 0 
$700 $700 $700 $700 $700 $700 $700 $700 
$200 $200 $200 $200 $200 $200 $200 $200 
$600 $600 $600 $600 $600 $600 $600 $600 
$4S0 $450 $450 $4S0 $4S0 $450 $450 $450' 

$0 $0 $0 $0 $0 $0 $0 $0 
$900 $900 $900 $900 $900 $900 $900 $900 
$200 $200 $200 $200 $200 $200 $200 $200 

600 600 600 600 600 600 600 600 
2 2 2 2 2 2 2 2 

$SS SSS SS5 $SS $SS SSS $SS $SS, 
100'1> 100'1> 100'1> 100'1> 100'1> 100'1> 100'1> 100'1>; 

$0 $0 $0 $0 $0 $0 $0 $0 
$60 $60 $60 $60 $60 $60 $60 $60 

18 18 18 18 18 18 II 18 



C/o) 
~ 

128 

129 
130 
131 
133 
135 
137 
139 
141 
143 
145 
147 
148 
149 
150 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 

A 
Period 

VEmCLEDATA 
Heayy Duly Gasoline: 
Number afVchicles 

Number New C""yenionl 
Number Kits TDRSfcm:d 
Number Conyenionl Retimd 
Number OEM 
Number OEM RotiJed 

Number Vehicle Needing Reccrt. 
GasoJine MPG 
CNG MPG AdjusL PlCIOr 
CNGMPG 
Dual-Iud MPG AdiuoL PICIar 
Dual-Fuel Guoline MPG 
Annllli miles trayeled per ychicle 
Annllli NG cmlWDP (acf) 
Annllli gasoline COIIIUIIIp ~al) 
C""Yersion Kit Cost 
Cony. Kit Salyaae Value 
Cony. labor cost 

Tank call 
Tank Salvage Value 
OEM Cost Difference 
OEM Salyaae Value Diffc:Rllce 
Fuel (ApacilyJ\W: (acf) 

Number tankslv"". 
Tank Recc:n. C061/1ank 
., NG miles 
MainL C06t Diffc:RIIcc/year 
Annllli NG Fuel Tax per vehicle 
On-board gasoline capacity 

B C D 
Bealn 1 1 l 

10 10 10 
10 

5.1 5.1 5.1 
0.95 0.95 0.9S 
4.8 4.8 4.8 

0.95 0.95 0.95 
4.8 4.8 4.8 

13,250 13,250 13,250 
3,356,190 3,356,190 

0 0 
$700 $700 $700 
$200 $200 $200 
$600 $600 $600 
$SOO $500 $500 

$0 $0 $0 
S900 $900 S900 
$200 $200 $200 

750 750 750 
4 4 4 

$55 $S5 S55 
100., 100.. 100.. 

$0 SO $0 
SI44 $144 SI44 

25 25 25 

E F G H I 
3 4 5 6 7 

10 10 10 10 10 

10 10 
5.1 5.1 5.1 5.1 5.1 

0.95 0.95 0.95 0.95 0.95 
4.8 4.8 4.8 4.8 4.8 

0.95 0.95 0.95 0.95 0.95 
4.8 4.8 4.8 4.8 4.8 

13,250 13,250 13,250 13,250 13,250 
3,356,190 3.291,648 3,356,190 3,356,190 3.291,648 

0 526 0 0 526 
$700 $700 S700 $700 $700 
$200 $200 $200 $200 $200 
$600 $600 $600 $600 $600 
$500 $SOO $500 $SOO $SIlO 

$0 SO $0 $0 $0 
$900 $900 $900 $900 $900 
$200 $200 $200 $200 $200 

750 750 750 750 750 
4 4 4 4 4 

$55 $S5 $55 SS5 $55 
100., 100., 1~ 100., 100., 

$0 SO $0 $0 $0 
$144 SI44 $144 $144 $144 

25 25 2S 25 2S 

3124192 - NPV-CNG Version 4 (for usel'sl 

J K L M N 0 P a 
8 9 10 11 1Z 13 14 15 

10 10 10 10 10 10 10 10 

10 
10 10 

10 

10 10 
5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 

0.95 0.95 0.95 0.95 0.95 0.95 0.95 1.15 
4.8 4.8 4.8 4.8 4.8 4.8 4.8 5.9 

0.95 0.95 0.95 0.95 0.9S 0.95 0.95 0.95 
4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 

13,250 13,250 13,250 13,250 13,250 13,250 13,250 13,250 
3356190 3,356190 3.291,648 3,356,190 3,356190 3,291,648 3.356190 2,7720505 

0 0 526 0 0 526 0 0 
$700 $700 $700 $700 $700 $700 $700 S700 
$200 $200 $200 $200 $200 S200 $200 S200 
$600 S600 $600 $600 $600 $600 $600 $600 
$500 $SOO $SOO $SOO $500 $SIlO $SOO $500 

$0 SO $0 $0 $0 $0 SO $0 
$900 $900 $900 $900 $900 S900 $900 $900 
$200 $200 $200 $200 $200 $200 $200 $200 

750 750 750 750 750 750 750 750 
4 4 4 4 4 4 4 4 

S55 $SS $SS $55 $55 SS5 $55 SSS 
1~ 100., 100., 100., I~ 1~ 100., I~ 

$0 SO SO $0 $0 $0 $0 $0 
$144 $144 $144 $144 $144 $144 $144 $144 

2S 25 25 2S 25 25 25 2S 



VJ 
01 

169 

170 
171 

172 
173 
175 
1n 
179 
181 
183 
185 
187 
189 
191 
193 
195 
197 
198 
199 
200 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 

A 
Period 

VEmCLEDATA 
Heavy Duty Diesel: 

Number ofDcd. CNG Vehicles 
Number ofDual-Fud VoI!icIa 
Number New Oed. Convcrsions 
Number Ded. Kill Tnnlf~ 
Number Oed Convasiona Rc:Iired 
Number New Dual Conversions 
Number Dual Kill Tnnlfc:ncd 
Number Dual Convcmions Rc:Iired 
Number OEM (Oed.) 
Number OEM Rc:Iired (Oed.) 

Number Dcd. Vch. Needing RCCCIL 
Number Dual Veil. Needing Rcc:crt. 
DicselMPG 
Dcd. CNG MPG Adjust. F_ 
Dcd.CNGMPG 
Dual-Fuel MPG Ad'USL F_ 
Dual-Fuel MPG 
Annual miles traveled per vehicle 
Annual NG c:msump (scf) 
Annual diesel consump (aal) 
Dcd. Convcrsion Kit Cost 
Dcd. Conv. Kit Salvage Value 
Dcd. Conv.10b0rC08l 
Dual Convc:mon Kit Cost 
Dual Conv. Kit Salvage Value 
Dual Conv. 1abar cost 
Tank cost 
Tank Salvage Value 
OEM Cost Diffcn:ncc (Oed.) 
OEM Salvage Value Diffcn:ncc 
Fuel (Apocity.o\ank (Id) 

NumberT.nb/Ded. vehicle 
Number Tenb/Dual vddclc 
Tank RCCCIL COIthanlr: 
'I> NG of fuel consumed (dual-fuel) 
MainL Cost Diffcn:nc:e/Ycu (Dcd.) 

MainL Cost Diffcn:nc:e/Ycu (Duel) 
Annual NG Fuel Tax per vehicle 
On-board diesel capacity 

B C 0 
Bealn 1 1 :2 

0 0 0 
0 0 0 

8.4 8.4 8.4 
0.74 0.74 0.74 
6.2 6.2 6.2 
0.9 0.9 0.9 
7.6 7.6 7.6 

120500 120500 12,500 
0 0 
0 0 

$2,000 $2.000 $2.000 
$SOO $500 $500 

$2,350 $2,350 $2,350 
$2,500 $20500 S2,sOO 

$SOO $500 SSoo 
$2,000 $2,000 S2,000 

$SOO SSOO SSoo 
$0 SO $0 

$2,800 $2,800 S2,8oo 
$SOO S500 S500 

750 750 750 
4 4 4 
2 2 2 

$55 S55 $55 
58'1> 58'1> 58'1> 

SO SO $0 
$0 $0 $0 

$144 $144 $144 
45 45 45 

E F G H I 
3 4 5 6 7 

0 0 0 12 12 
0 0 0 0 0 

12 

0 

8.4 8.4 8.4 8.4 8.4 
0.74 0.74 0.74 0.74 0.74 

6.2 6.2 6.2 6.2 6.2 
0.9 0.9 0.9 0.9 0.9 
7.6 7.6 7.6 7.6 7.6 

120500 12.500 12,500 120500 120500 
0 0 o 3,357,620 3,357,620 
0 0 0 0 0 

$2000 $2,000 $2.000 $2.000 $2,000 
$500 $SOO $500 $500 $SOO 

$2,350 S2,350 $2,350 S2,350 $2,350 
$20500 $2,500 $20500 $2,500 S2,SOO 

SSOO $500 S500 S500 $SOO 
$2,000 $2,000 $2,000 $2,000 $2,000 

SSOO $SOO $500 $500 $SOO 
$0 $0 $0 $0 $0 

S2,800 S2,800 $2,800 S2,800 S2,800 
$500 $SOO $500 S500 $SOO 

750 750 750 750 750 
4 4 4 4 4 
2 2 2 2 2 

$S5 S55 $55 $S5 $55 
58'1> 58'1> 58'1> 58'1> 58'1> 

$0 $0 $0 $0 $0 
$0 $0 $0 SO $0 

$144 $144 $144 $144 $144 
45 45 45 45 45 
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J K L M N 0 P Q 
B II 10 11 12 13 14 15 

12 12 12 12 12 12 12 12 
0 0 0 0 0 0 0 0 

12 12 12 
0 0 0 

8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 
0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 

6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 
0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 

12,500 12,500 120500 120500 12,500 120500 120500 12,500 
3,357.620 3.293.051 3.357.620 3.357.620 3.293.051 3.357.620 3.357.620 3,293.051 

0 0 0 0 0 0 0 0 
$2.000 $2.000 $2,000 $2,000 S2,000 $2,000 S2,ooo $2,000 

$500 $500 $SOO $SOO $500 $500 $SOO $500 
$2,350 $2,350 $2,350 $2,350 $2.350 $2.350 $2,350 $2,350 
$20500 S2,sOO S2,500 $20500 $20500 S2,sOO S2,5OO $20500 

$500 $500 $SOO $SOO $500 $500 $500 SSOO 
$2.000 $2,000 $2,000 $2,000 $2,000 S2,000 S2,OOO $2000 

SSOO $500 $SOO $SOO SSOO SSOO $500 $500 
$0 $0 $0 $0 $0 $0 $0 $0 

$2,800 $2,800 $2,800 $2,800 $2,800 $2.800 $2,800 $2,800 
$500 SSOO $SOO $SOO S500 $500 $SOO $500 

750 750 750 750 750 750 750 750 
4 4 4 4 4 4 4 4 
2 2 2 2 2 2 2 2 

$55 $S5 $S5 $55 $55 $55 $55 $55 
58'1> 58'1> 58'1> 58'1> 58'1> 58'1> 58'1> 58'1> 

$0 SO SO $0 $0 SO SO $0 
$0 $0 $0 $0 $0 $0 $0 $0 

$144 $144 $144 $144 $144 $144 $144 $144 
45 45 45 45 45 45 45 45 



(..) 
0> 

224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 

A 
Period 

FUEL PRICES 
Naluni Gas Pricc/mcf 
Gasoline Pricc/gallon 
Diesel Pria/gallon 
NG prLccl&aIlOll gasa\inr; equivalent 
NG PflcedallOll diesel equivalent 
Annual Fuel Price Adjustment 
Total NG consump (sct) 

STATION DESIGN 
U ...... le Storage 
SwilCh Time (min.) 
NG Session Time (min.) 
Flow RIlcJhole (scfm) 
Min. Comp. Size (scfm) 
Max Stenae (Ief) 
Dcsillll daily NG demand (scl) 
Min. Compo HP 
Cycle Time (min) 
Number rIi HOles 
AulOl pel" day 
Ught Truckl pel" day 
Heavy Gasoline pel" day 
Heavy Diesel pel" day (Oed.) 

Hea~ Diesel pel" day (Dual) 
Auto NG per fill (Ief) 
Ll TNcIc NG per fill (sef) 
Heavy Gu. NG per fill (scl) 
Heavy Oed. Dies. NG per fill (Ief) 
Heavy Dual Dies. NG per fill (sef) 
Stalion Setup Coot FII:Ior 
Compressor Salvage Value 
Storage Vessel Salvlle Val. 
Dispenser Salvlle Value 
Dryer Salvlle Value 

Labor Time Loao CaJcul.dlllll: 
Gasoline fill tale (aaJJmin) 
Diesel fill tale (aal/min) 
GuolW/diesel .witch time (min) 

Labor COlI ($"'our) 
Number rIi Gasoline boses 
Number rIi Dicsel boo .. 
Number rIi AUIOI/day 
Number rIi Ll TJUcIca/day 
Number of Heavy Gulday 
Number of Heavy Diesel/day 
Oedicaled Gasoline S ... iOll Tune 
Oedicated Dicsel Session Time 

B C 0 
Dealnl 1 1 

$2.500 $2.500 $2.500 
$0.890 $0.890 $0.890 
$0.850 $0.850 $0.850 
$0.307 $0.307 $0.307 
$0.348 $0.348 $0.348 

0.0'1> 
o 9,641,707 9,641,707 

4O'J, 4O'J, 40'1. 
3 3 3 

79 79 79 
500 500 500 

26 26 26 
87,611 87,611 87,611 
37,083 37,083 37,083 

17 17 17 
1,440 1,440 1,440 

2 2 2 
1.5 1.5 1.5 

21.8 21.8 21.8 
4.8 4.8 4.8 
0.0 0.0 0.0 
0.0 0.0 0.0 

537 537 537 
1,073 1,073 1,073 
2,683 2,683 2,683 
2,683 2,683 2,683 
1,342 1,342 1,342 
2S'J, 2S'J, 2S'J, 

7 7 7 
7 7 7 
3 3 3 

SI5 SI5 $IS 
2 2 2 
1 I I 

0.43 0.43 0.43 
11.32 11.32 11.32 
4.34 4.34 4.34 
0.00 0.00 0.00 

45 45 45 
0 0 0 

E F G H I 
3 4 5 6 7 

$2.500 $2.500 $2.500 $2.500 $2.500 
$0.890 $0.890 $0.890 SO.890 $0.890 
$0.850 $0.850 $0.850 $0.856 $0.850 
$0.307 $0.307 $0.307 $0.307 $0.307 
$0.348 $0.348 $0.348 $0.348 $0.348 

9,641,707 9,456,289 9,641,707 12,999,327 12,813,910 

4O'J, 40'1. 40'1. 4O'J, 40'J, 
3 3 3 3 3 

79 79 79 99 99 
SIlO 500 500 500 SIlO 

26 26 26 35 35 
87,611 87,611 87,611 116,374 116,374 
37,083 37,083 37,083 49,997 49,997 

17 17 17 22 22 
1,440 1,440 1,440 1,440 1,440 

2 2 2 2 2 
1.5 1.5 1.5 1.5 1.5 

21.8 21.8 21.8 21.8 21.8 
4.8 4.8 4.8 4.8 4.8 
0.0 0.0 0.0 4.8 4.8 
0.0 0.0 0.0 0.0 0.0 

537 537 537 537 537 
1,073 1,073 1,073 1,073 1,073 
2,683 2,683 2,683 2,683 2,683 
2,683 2,683 2,683 2,683 2,683 
1,342 1,342 1,342 1,342 1,342 
2S'J, 2S'J, 2S'J, 2S'J, 2S'J, 

7 7 7 7 7 
7 7 7 7 7 
3 3 3 3 3 

$15 $15 $15 $15 $15 
2 2 2 2 2 
I I I 1 I 

0.43 0.43 0.43 0.43 0.43 
11.32 11.32 11.32 11.32 11.32 
4.34 4.34 4.34 4.34 4.34 
0.00 0.00 0.00 1.60 1.60 

45 45 45 45 45 
0 0 0 IS IS 

-
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J K L M N 0 P a 
8 , 18 11 12 13 14 15 

I 

$2.500 $2.500 $2.500 $2.500 $2.500 $2.500 $2.500 $2.500 
$0.890 $0.890 SO.890 $0.890 $0.890 $0.890 $0.890 $0.890 
$0.850 $0.850 $O.8S0 $0.850 $0.850 $0.856 $0.850 $0.850 
$0.307 $0.307 SO.307 $0.307 $0.307 $0.307 $0.307 $0.307 
$0.348 $0.348 SO.348 $0.348 $0.348 $0.348 So.348 $0.348 

12,999,327 12,934,757 12,813,910 11,941,518 11,876,948 11,841,652 11,906,194 11,257,939 

40'1. 4O'J, 4O'J, 40'J, 40'1> 4O'J, 4O'J, 40'1. 
3 3 3 3 3 3 3 3 

99 99 99 90 90 89 89 86 
500 SOO 500 500 500 500 500 500 

35 35 3S 35 35 3S 35 35 
116,374 116,374 116,374 116,374 116,374 116,374 116,374 116,374 
49,997 49,997 49,997 45,929 45,929 45,793 45,793 43,548 

22 22 22 22 22 22 22 22 
1,440 1,440 1,440 1,440 1,440 1,440 1,440 1,440 

2 2 2 2 2 2 2 2 
1.5 1.5 1.5 1.5 1.5 1.2 1.2 1.2 

21.8 21.8 21.8 18.0 18.0 18.0 18.0 18.0 
4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.0 
4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
537 537 537 537 537 537 537 537 

1,073 1,073 1,073 1,073 1,073 1,073 1,073 1,073 
2,683 2,683 2,683 2,683 2,683 2,683 2,683 2,683 
2,683 2,683 2,683 2,683 2,683 2,683 2,683 2,683 
1,342 1,342 1,342 1,342 1,342 1,342 1,342 1,342 
2S'J, 2S'J, 2S'J, 2S'J, 2S'J, 2S'J, 2S'J, 2S'J, 

I 

: 

7 7 7 7 7 7 7 7 
7 7 7 7 7 7 7 7 
3 3 3 3 3 3 3 3 

$15 $15 SIS $15 SIS $15 $15 $15 
2 2 2 2 2 2 2 2 
1 1 1 1 1 1 1 1 

0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 
11.32 11.32 11.32 11.32 11.32 11.32 11.32 11.32 
4.34 4.34 4.34 4.34 4.34 4.34 4.34 4.34 
1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 

45 45 45 4S 45 4S 45 45 
15 IS 15 IS IS 15 15 15 

-



Ul 
....... 

275 
276 
2n 
278 
279 
280 
281 
282 
283 
284 
285 
286 

A 
OTHER FACfORS 
Wmkdaya/y_ 
FUI-fiIl ... boatd lIarqc 
3000 psi c:<mp fll:Ulr 
100 poi camp factor 
Fuel in an "<mIllY" LIllI< (aal) 

NO 10 OuoIinc FII:Ulr 
NO 10 Diesel Factor 
Station Mainl Cl>Sl/gu. gal. cquiv. 
E1CC1ric cool ($/kWh) 
No. day. off for LIllI< =. 
DiscounIR .... 

B 

260 
92.5'" 
259.67 

7.92 
2 

123 
139 

$0.045 
$0.063 

5 
10.Ot. 

C 0 E F G H I J K L M N 0 P a 
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(.0) 
(Xl 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 

R 
Period 

SAVINGS 

Gasoline Price Diff. 
Au\Omobiles 
lighl Truck. 
Heavy Duty Trucks 

Diesel Price Diff. 

MainlClllftCC 

Toea! Savlnll 

COSTS 
Inrrastructure 

Land 
SIaIi"" letup 

Comprcuor 
SIDlIgeVau 
Dispenser 
er-
Subtotal 

Vehicle 
Conversion KiI 
TIIIIk. 
Labor 
OEM 
Subtotal 

Operatlna 
SIaIi"" Maint. 
Cylinder RecerL 
Power 

Labor - fueling lime loss 
NCiFue1Tu 
Additional Trainina 
Subtotal 

Total COIla 

Savin .. - Cool 
NPV 
NPV -cumulative 
Discount Factor 

S T 
16 17 

46,515 46.515 
980 980 

29.343 29.343 
16.191 16.191 
6.785 6.785 

0 0 

53,299 53.299 

7.626 0 
25,599 0 

0 0 
0 0 
0 0 

33,225 0 

0 0 
0 0 
0 0 
0 0 
0 0 

4.152 4.152 
0 0 

5,646 5.646 
4.366 4,366 
8.08S 8,088 

22,253 22,253 

55,477 22,253 

-2,178 31,046 
-474 6,142 

-336 866 -330724 
4.595 5.0S4 

U V W x v Z 
18 19 20 11 21 23 

46.515 46,515 46,515 46.515 46,515 46,515 
980 980 980 980 980 980 

29.343 29,343 29.343 29.343 29.343 29.343 
16.191 16.191 16.191 16,191 16.191 16,191 
7.414 7.414 7.414 7.414 7.414 7.414 

0 0 0 0 0 0 

53.929 53,929 53,929 53.929 53.929 53.929 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 
0 0 0 0 0 0 

-6,000 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

33,600 0 0 54.600 7.000 0 
27.600 0 0 54.600 7.000 0 

4.059 4.059 4.059 4.059 4.059 4.059 
0 0 0 0 0 0 

5.521 5.521 5.521 5.521 5.521 5.521 
4.170 4.170 4,170 4,170 4.170 4.170 
8.088 S.08S 8.088 8,OS8 8.088 8,088 

21,838 21.838 21.838 21,838 21.838 21.838 

49,438 21,838 21,838 76,438 28.838 21.838 

4,490 32,090 32.090 -22,510 25.090 32,090 
808 5,247 4.770 -3,042 3,082 3.584 

-329,916 -324,669 -319,899 -322,941 -319859 -316.275 
5.560 6.116 6.727 7.400 8.140 8.954 
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AA AB AC AD AE AF AG AH AI 
24 15 16 rI 18 19 JO End 3. NPY 

46.515 46,515 46,515 46,515 46.515 46,515 46,515 o 409,405 
980 980 980 980 980 980 980 0 8,606 

29.343 29.343 29.343 29.343 29.343 29.343 29,343 o 259,489 

16.191 16.191 16.191 16.191 16.191 16.191 16.191 0 141,310 
7.414 7.414 7.414 7,414 7,414 7.414 7,414 0 39,282 

0 0 0 0 0 0 0 0 0 

53.929 53.929 53.929 53,929 53.929 53.929 53.929 o 448.687 

0 
0 0 0 0 0 0 0 0 -43.754 
0 0 0 0 0 0 0 -4.576 -36~ 
0 0 0 0 0 0 0 -63.116 -IOS.97~ 

0 0 0 0 0 0 0 -2.500 -~.857 

0 0 0 0 0 0 0 -1.000 -9,943 
0 0 0 0 0 0 0 -71.191 -223.622 

0 0 0 0 0 0 0 0 -70.69(J 

0 0 0 0 0 0 0 o -105,547 
0 0 0 0 0 0 0 0 -74,717 

0 2.800 0 0 0 7.000 rI.6OO -24.400 -42.~ 

0 2.800 0 0 0 7.000 27.600 -24.400 -293.921 

4.059 4.059 4.059 4.059 4,059 4,059 4.059 0 -38.25 
0 0 0 0 0 0 0 0 -20,629 

5.521 5.521 5.521 5.521 5.521 5.521 5.521 0 -52.037 
4.170 4,170 4.170 4.170 4,170 4,170 4,170 0 -46,163 
8,088 8.088 8,08S 8.088 8.088 8.088 8,088 0 -69.694 

21,838 21.838 21.838 21.838 21,838 21.838 21,838 o -2')1,,775 

21,838 24.638 21,838 21.838 21,838 28.838 49,438 -95,591 -744,318 

32,090 29,290 32,090 32,090 32.090 25.090 4490 95.591 -295,631 
3.258 2,703 2.693 2,448 2,225 1.582 257 5.478 

-313,017 -310314 -307 621 -305.174 -302948 -301367 -301109 -295,631 
U50 10.835 11.918 13.110 14.421 15.863 17.449 17.449 

-



(J.) 
<0 

46 
47 
48 

'49 
51 
53 
55 
57 
69 
61 
63 
65 
66 
67 
68 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

R 
Period 

VEmCLEDATA 
Altlmlloblles: 
Nw;.betof Vcbid. 

Number New CCiftycnit.lM 
Number ICiIa Tnnsfer.rccl 
Number CClftvcnit.lM R.eWed 
Number OEM 
NumbetOEM Rctimd 

Number VcbicIe Needina Ream. 
G.oUneMPG 
CNG MPG Adjust. FacIO< 
CNGMPG 
Dull·fbcl MPG AdiusL FllClor 
DuIl·Fue\ Gasoline MPG 
AnmIIl miles !.D.Vcled per vehicle 
AnmIIl NG eoasump (ref) 
AnmIalllUQlin. consump (all) 
Conyersion Kil ColI 
Cony. Kit SIlv.a:e Vlllte 
Cony. labor cast 

TlllkcOIIt 
TIIIk SIlv. Vlllt. 
OEM COlI Difference 
OEM Slly_e VIlIte DiffGa1C:c 
Fuel Copacil7J1ank (ref) 

Number tIIIkI/Yeb. 
TIIIk Ream. COIIAank 
'I. Hamil .. 
Mainl. ColI Diff, 
AnmIIl NG Fuel Tu "",""yehicle 
On-bocd IlUQlinc ~y 

S T U 
16 17 U 

4 4 4 

20.8 20.8 20.8 
I.1S 1.1S 1.IS 
23.9 23.9 23.9 
0.95 0.95 0.95 
19.8 19.8 19.8 

8176 8176 8,116 
167.789 161.789 167.789 

0 0 0 
$700 $700 $700 
$200 $200 $200 
$800 $800 $800 
$450 $450 $450 

$0 $0 $0 
$900 $900 $900 
$200 $200 $100 

600 600 600 
1 1 1 

ISS SSS SS5 
100'1. 100'1> 100'1. 

$0 $0 $0 
$60 $60 $60 

16 16 16 

V W x y Z 
19 20 2.1 2.2. 23 

4 4 4 4 4 

20.8 20.8 2O.S 20.8 20.8 
1.15 1.15 US U.s 1.I.s 
23.9 23.9 23.9 23.9 23.9 
0.95 0.95 0.95 0.95 0.95 
lU 19.1 19.8 19.8 19.8 

8176 8,176 8.176 8.176 8.176 
167.789 167.789 167.789 167.789 167.789 

0 0 0 0 0 
$700 $700 $700 $700 $700 
$200 $200 $200 $200 $200 
$800 $800 $800 $800 $800 
$450 $4S0 $4S0 $450 $450 

$0 $0 $0 $0 $0 
$900 $900 $900 $900 $900 

..... ~ $200 $200 $200 $200 
600 600 600 600 600 

1 1 1 1 1 
ISS ISS ISS ISS ISS 

100'1. 100'1. 100'1> 100'1> 100'1. 
SO $0 $0 $0 $0 

$60 $60 $60 $60 $60 
16 16 16 16 16 

3124192 - NPV-CNG VSISIon 4 (for usel'S) 

AA AB AC AD AE AF AG AH AI 
24 'U 26 rt 2.8 2.9 ,. Endle 

4 4 4 4 4 4 4 0 

4 
4 4 

20.8 20.8 20.8 :11>.8 20.8 20.8 :11>.8 20.8 
1.1S 1.15 1. IS 1.15 US 1.15 1.1S U.s 
23.9 23.9 23.9 23.9 23.9 23.9 23.9 23.9 
0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 
19.8 19.5 19.8 19.8 lU 19.8 19.5 19.8 

8.176 8.176 8.176 8.176 8,176 8.176 8.176 8.176 
167.789 161.789 167.789 167789 167.789 167.789 167.789 0 

0 0 0 0 0 0 0 0 
$700 $700 $700 $700 $700 $700 $700 $700 
$200 $200 $200 $200 $200 $200 $200 $200 
$800 $800 $800 $800 $800 $800 $800 $800 
$4SO $450 $450 $450 $450 $450 $4S0 $450 

$0 $0 $0 $0 $0 $0 $0 $0 
$900 $900 $900 $900 $900 $900 $900 $900 
$200 $200 $200 $200 $200 $200 $200 $200 

600 600 600 600 600 600 600 600 
1 1 1 1 1 1 1 1 

ISS ISS ISS ISS ISS SSS ISS ISS 
100'1> 100'1. 100'1. 100'1> 100'1. 100'1> 100'1. 100'1. 

$0 $0 $0 $0 $0 $0 $0 $0 
$60 $60 $60 $60 $60 $60 $60 $60 

16 16 16 16 16 16 16 16 



01=>­
o 

87 
88 
89 
90 
92 
94 
96 
98 
100 
102 
104 
106 
107 
108 
109 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

R 
Period 

VEIDCLEDATA 
Llpt Trucks: 
NwnberofVehicI .. 
NlDnber New Caayc:miona 

NlDnber Kill Tnonsfcued 
NlDnber Caavcniona ReWed 
NumbcrOEM 
Number OEM Rlilind 

Number Vehicle NccdinR Rcccrt. 
GuolineMPG 
CNG MPG Adiult. F..:IOr 
CNGMPG 
Dual-Cud MPG AdiusL Factor 
Dual-Fud Guolinc MPG 
Annual miles travc\cd "'" vehicle 
Annual NO COI1IWDP (ref) 
Annual Kuoline consump Clal) 
Conycnrion Kil COIl 
Cony. Kil Salvage Value 
Cony. labor COlt 

Tanke .. t 
Tank SalvlIlle Value 
OEM COIl Difference 
OEM Salv_ Value Diffcralcc 
Fud Copaclty/lank (ref) 

Number tanks/vch. 
Tank Rcccrt. C .. I/iank 
" NO miles 
MainL Coat Diffc:n:nc;cIYcar 
Annual NO Fuel TIIlt "'" vehicle 
On-board Kaoline capacily 

S T U 
16 17 18 

78 78 78 

15.1 15.1 15.1 
1.15 1.15 1.15 
17.4 17.4 17.4 
0.95 0.95 0.95 
14.3 14.3 14.3 

9.115 9.115 9.l1S 
5.014,594 5.014.594 5.014.594 

0 0 0 
S700 $700 $700 
$200 $200 S200 
$600 $600 $600 
S4S0 $450 $4S0 

$0 $0 $0 
$900 $900 $900 
$200 $200 $200 

600 600 600 
2 2 2 

$55 $55 $SS 
100'1> 100'1> 100'1> 

SO $0 $0 
$60 $60 $60 

18 18 18 

V W X Y Z AA 
19 20 11 11 23 24 

78 78 78 78 78 78 

78 
78 

15.1 15.1 15.1 15.1 15.1 15.1 
1.15 1.15 1.15 1.15 1.15 1.15 
17.4 17.4 17.4 17.4 17.4 17.4 
0.95 0.95 0.95 0.95 0.95 0.95 
14.3 14.3 14.3 14.3 14.3 14.3 

9.115 9115 9.115 9 liS 9115 9. liS 
5.014.594 5.014.594 5014.594 5.014.594 5.014.594 5.024.594 

0 0 0 0 0 0 
S700 $700 $700 $700 S700 $700 
$100 $200 $200 $200 $200 $200 
$600 $600 $600 $600 $600 $600 
$450 $450 $450 $450 $450 $450 

$0 $0 $0 $0 $0 $0 
$900 $900 $900 $900 $900 $900 
$200 $200 $200 $200 $200 $200 

600 600 600 600 600 600 
2 2 2 2 2 2 

SSS $SS $55 $SS $55 $Ss 
100CJl, 100'1> 100'1> 100'1> l00CJl, 100'1> 

$0 $0 $0 $0 $0 $0 
$60 $60 $60 $60 $60 $60 

18 18 18 18 18 18 

3124192 - NPV-CNG Version 4 (lor usef's) 

AB AC AD AE AF AG AH AI 
15 16 17 18 19 30 End 30 

78 78 78 78 78 78 0 

78 

15.1 15.1 15.1 15.1 15.1 15.1 15.1 
1.15 1.15 1.15 1.15 1.15 I.lS 1.15 
17.4 17.4 17.4 17.4 17.4 17.4 17.4 
0.95 0.95 0.95 0.95 0.95 0.95 0.95 
14.3 14.3 14.3 14.3 14.3 14.3 14.3 

911S 9.I1S 9.11S 9115 911S 911S 911S 
5.014.594 5.014,594 5.014,594 5.024,594 S.Ol4,594 5.024,594 0 

0 0 0 0 0 0 0 
$700 S700 $700 $700 S700 $700 $700 
$200 $200 $200 $200 $200 $200 $200 
$600 $600 $600 $600 $600 $600 $600 
$450 $450 $450 $450 $450 $450 $450 

$0 SO $0 $0 $0 SO $0 
$900 $900 $900 $900 $900 $900 $900 
$200 $200 $200 $200 $200 $200 $200 

600 600 600 600 600 600 600 
2 2 2 2 2 2 2 

$SS $55 SSS $S5 $S5 $55 $S5 
100'1> 100'1> 100'1> 100'1> 100'1> 100'1> 100'1> 

$0 $0 $0 $0 $0 $0 $0 
$60 $60 $60 $60 $60 $60 $60 

18 18 18 18 18 18 18 



R S T U V W x y Z AA AS AC AD AE AF AG AH AI 
128 Period 16 17 IS 1!1 20 21 22 23 24 25 26 27 28 29 30 End 30 
129 VEWCLEDATA 
130 Hea\')' Out)' Gasoline: 
131 Nwnbcrof Vehicl .. 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 
133 Number New COIIyc:rsions 

135 Number Kits Trudcrrcd 
137 Number COIIyc:rsions Relited 
139 Number OEM 10 10 
141 Number OEM ReWed 10 10 10 
143 Number V cbielc Necdina Recen. 
145 GuolineMPG 5.1 5.1 S.l 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 
147 CNG MPG Adiust. Fo<:IOr l.IS 1.15 1.15 I.IS 1.15 US US 1.15 1.15 1.15 uS 1.15 1.15 1.15 1.15 1.15 
148 CNOMPG 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 

J=o. 149 Dual-CIlel MPG Adiust. FIICl ... 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 .... 150 Dull-Fuel Gualine MPG 4.11 4.8 4.8 4.8 4.8 4.11 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.11 4.8 4.8 
152 Annual mil .. traveled per vcbicle 13,250 13,250 13,250 13,250 13,250 13,250 13,250 13,250 13,250 13,250 13,250 13,250 13,250 13,250 13,250 13,250 
153 Annuli NO consump (set) 2772.505 27720505 2.7720505 2.7720505 2.772.505 2,7720505 2,772,505 2,772,505 27720505 2.TlZ,s05 2,772,505 Z,172,sOS 2.712;505 27720505 2772.505 0 
154 Annuol gasoline consump (sol) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
155 Conversion Kit Cost $700 $100 $100 $700 $100 $700 $700 $100 $700 $100 $100 $700 $700 $100 $100 $100 
156 Conv. Kit Sllvaac Vlluc $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 
157 Cony. Jabor cost $600 $600 $600 $600 $600 $600 $600 $600 $600 $600 $600 $600 $600 $600 $600 $600 
158 Tonk coot $SOO $SOO $500 $SOO $500 $500 $500 $SOO $500 $500 $SOO $500 $500 $500 $SOO $500 
159 Tonk Solyage Vlluc $0 $0 $0 $0 $0 SO $0 $0 $0 $0 SO $0 $0 SO $0 SO 
160 OEM Cost DiffetenCe $900 $900 $900 $900 $900 $900 $900 $900 $900 $900 $900 $900 $900 $900 $900 $900 
161 OEM Solvage Volue Diffc:ralce $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 $200 
162 Fuel ~ocitl'flank (seQ 150 750 750 750 750 750 750 750 750 750 750 750 750 750 150 750 
163 Number tonks/veh. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 --164 Tonk R=. Cost.\ank $55 $5S $SS $55 $SS $S5 $S5 $SS S5S $SS $SS $5S $SS $S5 $SS $SS 
165 .. NOmil .. 100 .. l00'.f> 100 .. 100 .. 100 .. l00'.f> 100.., 100.., 100'.f> lOOt. 100.., 100'.f> 100 .. 100.., 100'1> 100.., 
166 MainL Cost Diffc:n:ncclycar $0 $0 $0 SO $0 $0 $0 $0 $0 SO $0 $0 $0 $0 $0 $0 
167 Annuol NO Fuel Tax ~ vcbic1e $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 
168 On·board aasoline C8IIacity 25 25 25 25 25 25 25 25 25 25 25 ~ 25 25 25 25 

3124192 - NPV-CNG Vel1llon 4 Ilor use(s) 



R AH I AI 
Period Rnd30 

~LEOATA 

vyDulyDl_1: 
NIlI1Ibc of Oed. CNG Vcbiclea 
NIlI1Ibc of DuaI·Puol VdUeIes 
Number Now Ded. Convenions 
Number Ded. Kiw T....r...."o 

Number Ded Comtmions hM:>d I I I 
12 

Number Now Dual Comtwms 
Number Dual Kill Tnnafcm:;d 

(I 

12 12 
12 I~ 

8.41 8A 8.4 8.4 8.4 8.4 •. 4 U &.4 8.4 8.4 8.4 8.4 8.4 8.4 8.41' 
0.74 0.8 0.8 0.8 D •• D.' O.S 0.8 0.8 0.8 0.8 0.8 0.8 o.a O.S 

.,!io. 
.-- ._ ............ _- v.~ 6.2 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 1- 6.7 6.7 6.7 6.7 6.7 6.~ 

I\) 1199 I DuaI·Puc! MPG A4iua1. p_ I 0.91 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
7.6 7.6 7.6 7.6 7.6 7.6 7.6 

12,500 120500 12.soo 12,500 12.500 
3.105.799 3.105,799 3.105,799 3.105.799 3,105,799 

0 0 0 0 0 
$2,000 $2000 $2,000 $2000 $2.000 

$500 $SOD $SOO $500 $SOD 
$2,350 $2,350 $2.350 
$2,500 $2,500 $2,500 

$SOO $500 $500 
$2,000 $2,000 $2.000 

$SOO $SOO $500 
$0 $0 $0 

$2,800 $2,800 $2,800 
$SOO $500 $SOD 

750 7S0 750 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
2 2 2 2 2 :1 2 2 2. 2 2 2 2 2 :1 2 

$5S $SS $SS $SS US $S5 $5S $55 $55 $55 $55 $SS $55 $S5 $S5 $55 
SS'I> 5S'I> SS'I> SS'I> SS'I> 58'1> 5S'I> 5a'l> 5S'I> SS'I> 58'1> 5a'l> 58'1> 58'1> sa'l> 58'1> 
$0 $0 $0 $0 $0 $0 SO $0 $0 $0 $0 $0 $0 $0 $0 $0 
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 SO $0 $0 $0 

144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 $144 
45 45 45 4S 4S 45 45 45 45 4S 

...... '45 
45 45 4S 45 45 

3J24J92 - NPV-CNG Version 4 (for user's) 



~ 
U) 

224 
225 

226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 

R 
Period 

IFIIEr. PRICFJI 

NllUral Gu Pric:clmef 
Gasoline Price/gallon 
Diesd Price/Rallon 
NG price/gall"" gasoline equivalent 
NG price/gall"" diesd equivalent 

Total NG consump (sef) 

STATION DESIGN 
Useable Storage 
Switch Time (min.) 
NG Session Time (min.) 
Flow RIIe/hosc (scfm) 
Min. Compo Size (scfm) 
MIl Storage (set) 
DcsilPl daily NG demand (scf) 
Min. Compo lIP 
Cl'c1e lune (min) 
Nurnbc< of Hoses 
Autoo per day 
ligln Trucks per day 
Hcavy Gasolinc per ~ 

Hca!)' Dicad~ daJ{Ded.) 
Hcavy Diesd per day (Dual) 
Auto NG per fiD (Ief) 
Lt Truck NG per fill (sef) 
Hcavy Gas. NG per fill (Ief) 
Hcavy Dcd. Dies. NG per fill (sef) 
Hcavy Dual Dies. NG per fill (sef) 
Statim SetUp Cost Factor 
Comp",sor Salvage Value 
Storage Vcasd Salvage Val. 
Dis~scr Salvage Value 
Dryer Salvage Value 

Labor llme I.-Calculations: 
Gasoline fill ...... <RalImin) 
Diesd fill ...... <RaI/min) 
Gasolincldiesd .witch time (min) 
Labor Cost <SJhour) 
Number of Gasoline hoses 
Number of Dicsd hoses 
Number of Autoafdal' 
Number of Lt Trucblday 
Number of HeavY Gas/day 
Number of Heavy Dicad{day 

Dcdicalcd Gasoline SClIi"" lune 
Dcdicalcd Dicsd Session Time 

S 
16 

$2.S00 
$0.890 
$0.850 
$0.307 
$0.348 

11,322,508 

40" 
3 

86 
SOO 

30 
116,374 
43,548 

19 
1,440 

2 
1.2 

18.0 
4.0 
4.8 
0.0 

537 
1,073 
2,683 
2,683 
1,342 

25" 
$4,905 

7 
7 
3 

$15 
2 
1 

0.43 
11.32 
4.34 
1.60 

45 
15 

T U 
17 18 

$2.500 $2.500 
$0.890 $0.890 
$0.850 $0.850 
$0.307 $0.307 
$0.348 $0.348 

11,322,508 11,070,687 

4Ot. 40" 
3 3 

86 84 
500 500 

30 30 
116,374 116,374 
43,548 42,580 

19 19 
1,440 1,440 

2 2 
1.2 1.2 

18.0 18.0 
4.0 4.0 
4.8 4.5 
0.0 0.0 

537 537 
1,073 1,073 
2,683 2,683 
2,683 2,683 
1,342 1,342 

25" 25" 

7 7 

7 7 
3 3 

$15 $15 
2 2 
1 1 

0.43 0.43 
11.32 11.32 
4.34 4.34 
1.60 1.60 

45 45 

IS 15 

V W x y Z AA 
19 2AI 21 22 23 1A 

$2500 $2.500 $2.500 $2.500 $2500 $2.500 

$0.890 $0.890 $0.890 $0.890 $0.890 $0.890 
$0.850 $0.850 $0.850 $0.850 $0.850 $0.850 
$0.307 $0.307 $0.307 SO.307 $0.307 $0.307 
$0.348 $0.348 $0.348 $0.348 $0.348 $0.348 

11,070,687 11,070,687 11,070,687 11,070,687 11,070,687 11,070,687 

40" 40" 4Ot. 40" 40" 4~ 

3 3 3 3 3 3 
84 84 84 84 84 84 

500 500 SOO 500 500 500 

30 30 30 30 30 30 
116,374 116,374 116,374 116,374 116,374 116,374 
42,580 42,580 42,580 42,580 42,580 42,580 

19 19 19 19 19 19 
1,440 1,440 1,440 1,440 1,440 1,440 

2 2 2 2 2 2 
1.2 1.2 1.2 1.2 1.2 1.2 

18.0 18.0 18.0 18.0 18.0 18.0 
4.0 4.0 4.0 4.0 4.0 4.0 
4.5 4.5 4.5 4.5 4.5 4.5 
0.0 0.0 0.0 0.0 0.0 0.0 

537 537 537 537 537 537 
1,073 1,073 1,073 1,073 1,073 1,073 
2,683 2,683 2,683 2,683 2,683 2,683 
2,683 2.683 2,683 2,683 2,683 2,683 
1,342 1,342 1,342 1,342 1,342 1,342 

25" 25" 25" 25" 25" 25" 

7 7 7 7 7 7 
7 7 7 7 7 7 
3 3 3 3 3 3 

$15 $15 $15 $15 $15 $15 
2 2 2 2 2 2 
1 1 1 1 1 1 

0.43 0.43 0.43 0.43 0.43 0.43 
11.32 11.32 11.32 11.32 11.32 11.32 
4.34 4.34 4.34 4.34 4.34 4.34 
1.60 1.60 1.60 1.60 1.60 1.60 

45 45 45 45 45 45 
15 15 15 15 15 15 

'-----

3124192 - NPV-CNG Version 4 (lor user's) 

AB AC AD AE AF AG AH AI 
2S 26 27 28 29 30 End 30 

! . 
$2..500 $2500 $2.500 $2.500 $2.500 $2.500 $2.500 
$0.890 $0.890 $0.890 $0.890 $0.890 $0.890 $0.890 
$0.850 $0.850 $0.850 SO.850 $0.850 $0.850 $0.850 

$0.307 $0.307 $0.307 $0.307 SO.307 $0.307 $0.307 
$0.348 $0.348 $0.348 $0.348 $0.348 $0.348 $0.348 

11,070,687 11,070,687 11,070,687 11,070,687 11,070,687 11,070,687 0 

40" 40" 4~ 40" 40" 40" 40" 
3 3 3 3 3 3 3 

84 84 84 84 84 84 0 
500 500 500 500 500 500 500 

30 30 30 30 30 30 30 
116,374 116,374 116,374 116,374 116,374 116,374 116,374 
42,580 42,580 42,580 42,580 42,580 42,580 0 

19 19 19 19 19 19 19 
1,440 1.440 1,440 1,440 1,440 1,440 1,440 

2 2 2 2 2 2 2 
1.2 1.2 1.2 1.2 1.2 1.2 0.0 

18.0 18.0 18.0 18.0 18.0 18.0 0.0 
4.0 4.0 4.0 4.0 4.0 4.0 0.0 
4.5 4.5 4.5 4.5 4.5 4..5 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 

537 537 537 537 537 537 537 
1,073 1,073 1,073 1,073 1,073 1,073 1,073 
2,683 2,683 2,683 2,683 2,683 2,683 2,683 
2,683 2,683 2,683 2,683 2,683 2,683 2,683 
1,342 1,342 1,342 1,342 1,342 1.342 1,342 

25" 25" 25" 25" 25" 25" 25" 
$4,576 

$63,116 
$2,500 
$1,000 

7 7 7 7 7 7 7 
7 7 7 7 7 7 7 
3 3 3 3 3 3 3 

$15 $15 $15 $15 $15 $15 $15 
2 2 2 2 2 2 2 
1 1 ·1 1 1 1 1 

0.43 0.43 0.43 0.43 0.43 0.43 0.00 
11.32 11.32 11.32 11.32 11.32 11.32 0.00 
4.34 4.34 4.34 4.34 4.34 4.34 0.00 
1.60 1.60 1.60 1.60 1.60 1.60 0.00 

45 45 45 45 45 45 0 
15 IS 15 IS 15 15 0 

- '----


	Front Matter

	Technical Report Documentation Page

	Title Page

	Summary

	Abstract

	Implementation Statement

	Disclaimer

	Table of Contents 
	Introduction

	Input Data (Constant)

	Input Data (Variable)

	Calculations

	Embedded Model Assumptions

	Appendix




