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• ABSTRACT

• Thisreportsummarizestheresultsof a comparativesystemsanalysisof variousalternativefuelsfor
usein thebuses,mid-sizevehicles,andautomobilesthatmakeupthevehiclefleetat theIdahoNational
EngineeringLaboratory(INEL). Thestudywasperformedaspartof theLaboratoryDirectedResearch
andDevelopment(LDRD)ProgramforEG&G Idaho,Inc. Regulationswill requiretheINEL to reduce
totalgasolineanddieselfueluse10%by 1995comparedwith 1991levels,andwill requirethat50% of
ali newvehiclesbe fueledbysometypeof alternativefuel by 1998. A modelwasdevelopedto analyze
howthesegoalscouldbeachieved,andwhatthe costwouldbeto implementthe goals.
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A Comparative Analysis of Alternative Fuels
for the INEL Vehicle Fleet

EXECUTIVE SUMMARY

Beginning in March 1992, a LaboratoryDirectedResearchandDevelopment (LDRD) Programwas
undertakento develop andprove the potentialof simulationsoftware to analyze operatingenergyissues
at the INEL. As a test problemfor the LDRD, a study was undertakenof alternativefuels to replace
gasolineand diesel currentlyused in the INELvehicle fleet. On April 17, 1991, Executive Order12759
was signed orderingali federalagenciesto developand implementa plan to meet the energymanagement
goals of the NationalEnergyConservationPolicy Act and the AlternativeMotor Fuels Act. Includedin
those goals are:

1. Section 10: By 1995 reduce total Federal fleet (includingINEL) usage of gasoline anddiesel
fuels by 10% compared with 1991levels.

2. Section 11: Providesa schedulefor purchaseof new alternativelyfueled vehicles (AFVs)during
the period 1993 to 1998.

Thisstudy is intendedto helpthe INELfleet managementstaff who mustdevelopa plan to meetthose
goals to reduce overall gasoline and diesel use, and to substitutealternatively fueled vehicles into the
fleet.

A relativelyrecent software packagecalledI-thinkTM fromHighPerformanceSystems, Inc. was used
to model the fuel use and the impactof alternative fuels on the cost associated with operatingthe INEL
vehicle fleet. The modelwas appliedto ali vehicletypes currentlyin use at INEL: cars, midsizevehicles
(including trucks), and buses. A numberof aspects relating to the substitutionof alternative fuels were
considered:

* Fuel use

• Costs - Capital:newvehicles, conversionof existingvehicles, andimplementingthe infrastructure
necessaryto supportalternativefuels. Operating:fuel, maintenance,insurance,training, etc.

• Emissions - NOx,CO, and nonmethanehydrocarbons(NMHC)

• Reliability/customeracceptance

The potentialalternativefuels initially consideredwere:

• Compressednaturalgas (CNG)

• Liquefiednaturalgas (LNG)

, • Methanol/gasolineblend(M85)



• Ethanol/gasoline blend (E85)

• Liquefied petroleum gas (LPG)

• Hydrogen

• Electric vehicle

The electric vehicle is not strictly an alternative fuel, but does represent an alternative to gasoline
and/or diesel fuel use. Of the fuels studied, hydrogen and electric vehicle were eliminated, because the
technology is not developed sufficiently to meet the goals. The model was developed with input from
numerous sources including INEL fleet management, tests of AFVs performed in other areas, and studios
of emissions and safety performed by various government and private entities.

The analysis was performed to cover a period of 20 years, which would allow full implementation of
any alternative vehicle plan. The scenario chosen for study was one that would meet the two primary
goals summarized above, lt was assumed that the vehicle usage would not change, but that there would
be a 10% improvement in gasoline vehicle efficiency by 1995. This implies that the remainder of the
fuel reduction goal would have to be met through the use of alternative fuels.

Results show that, by itself, the AFV introduction schedule in the guidelines of Section 11 of
Executive Order 12759 will not be sufficient to meet the 10% fuel use reduction goal by 1995. Either
the introduction of AFVs will ne_! to be accelerated, or the average number of miles per gasoline/diesel
vehicle will have to be reduced.

A primary result desired from the analysis was a determination of the incremental capital and
operating costs to implement the fuel substitution plan to meet the mandates. Incremental cost is the cost
above and beyond the cost for the gasoline and diesel fueled fleet. There are two parts of the cost: a
one-time cost of the infrastructure, and the ongoing cost for purchase of new vehicles and operation of
the INEL fleet as a whole. The infrastructure cost, assumed to occur in 1993, ranges from about
$600,000 for LNG to $2,600,000 for E85. In 1994, the first year of implementation, the annual costs
are very similar at about $100,000 for ali the alternative fuels, because the number of AFVs is small.
However, by 1998, when 50% of ali newly purchased vehicles are to be alternatively fueled, the
incremental annual cost ranges from about $250,000 for LPG to $600,000 for E85. At the end of the
20 year analysis period, the range has widened from near zero for LNG to $1,500,000 for E85.

With the considerable uncertainty in available data for ali AFVs, it is really not possible to specify
a single alternative fuel as the best. However, results of this study showed that LNG, CNG, and LPG
appear to be the most cost effective alternative fuels for the INEL fleet. Because the INEL has had poor
experience with LPG in past tests, and LPG will likely have limited availability over the long term, LPG
is not recommended as a long-term solution. Therefore a natural gas fuel will likely be the alternative
fuel of choice. Because the technology for CNG is more advanced than for LNG, the first AFVs should
probably be CNG with conversion to LNG as the technology becomes developed. As more data become
available, the model can be used to refine and update the study.
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INTRODUCTION

• Selected Problem for Analysis

As part of the LaboratoryDirected Research and Development (LDRD) Program, a study was
" undertakento evaluatethe potentialforusing recentcommercially-availablecomputersoftwareto analyze

variousenergyconservationprojectsat the INEL. The objectiveof the projectwas to select one or more
site specific energy issues of concernto the Power ManagementGroupand comparealter._ativesfor
energyuse andcost using the availablesoftware. The anticipatedbenefitsof the projectwere to include:

• Acquiringexperienceand tools for integratedanalysis.

• Acquire experienceusing state-of-the-artmodelingtools.

• Develop useful studiesof INEL energymanagementproblems.

lt was determinedearly in the projectthat with the time and fundingavailable,it wouldbe impractical
to addressmore than one energy managementproblemduringthe project. Thereforea single analysis
was selected. The problemselected was a comparativeanalysis of convertingthe currentINELfleet from
gasoline anddiesel vehicles to one of several alternativefuels. The studywill analyze alternative fuels
with respect to four general areas:

• Fuel use,

• Cost - capitaland operating,

• Emissions.

• Acceptancebased on reliability,safety, and quality.

The result of the analysis is to develop a recommendationas to which alternative fuel or fuels appear
show the most promisefor the INEL fleet, and to estimatewhatthe cost for implementingthe plan will
be. This information will then be used by the fleet management group to choose a fuel for
implementation.

Background

The United States and Canadaare estimatedto containonly 4 percentof the world'sprovencrudeoil
reserves. Conversely, the Middle East oil reserves comprise 70 percentof the world supply; the six
OPEC countries (Iraq, Iran, Kuwait, Saudi Arabia, UAE, and Venezuela) control approximately68
percentof the world's oil reserves, exceeding600 billionbarrels1. As a result, the United States must
import a significant amountof crudeoil. Approximately28 percent, or 21.3 quadrillionBtu(quads),of
the nation's fuel supply must support transportationactivities. Therefore, a reductionin the use of

' transportationfuels derived from petroleumcouldsignificantly reduce the U.S. dependanceon foreign
crude oil, and reducethe balance of trade deficit. Policy issuesand recentevents inthe MiddleEast have
reinforcedthis need.



The developmentof alternativefuel vehicles (AFVs) in the UnitedStates was instigatedin the early
1970s by the high cost of gasoline. With escalating gasoline prices and increasingdemand, a national
effort to researchalternative fuels was begun. The emphasiswas to develop alternatives which would
reducegasoline fuel consumptionand, therefore,dependanceon foreign oil. As oil prices fell in the late
1980s, this effort was largely abandoned.

To better understandthe future of AFVs and what driving forces might encourage their further
development and introduction,a conferencewas held by three separate panels of automotive industry
executives, directors, managers,and engineers who are experts in the area of automotive technology,
materials, andmarketing. These selected individualshave establishedrecordsin the transportationsector
and strategic insighton importantindustrytrends_.

There_is, of course, an industrybias in the resultsof the conference,but the trendscan be considered
an indicationof the future for AFVs. Therefore,the following statementsdescribe the directionwhich
industrybelieves the alternative fuel marketis headed.

• Alternative fuel use is expected to increase,drivenby environmentalconcernsand the Clean Air
Act of 1990 Amendments. There is no incentivefor alternative fuels if gasoline is inexpensive.

• No alternative fuel can compete with gasoline economically. Alternative fuel use will be
increased by legislative activities and will not be able to make a significant marketpenetration
unless the governmentartificially lowers the cost of alternativefuels relative to gasoline.

• Productionof AFVs will depend on legislated corporateaverage fuel economy (CAFE) credit
.. incentives to manufacturers,energypolicy, andclean air legislation.

• Early emphasis is on naturalgas, which couldbecome the majoralternative.

• Propanewill not be a new vehicle option; it will remainonly as aftermarketconversions.

• Electric batterytechnologywill be practicalby 2000.

• Due to economic factors, the only method to force the development and consumption of
alternative fuels involve AFV incentives andgasoline disincentives

• Hydrogenstorage, efficiency, and safety problemsare expected to be solved in the 1990s.

• Alternativefuels activitywill be defined by Californiaand Texas.

• The infrastructurerequiredfor flexible fuels is the simplestto develop.

• While trucks, especially those in fleets, will increasetheiruse of naturalgas and propane,private
passengercars will not make significantuse of these fuels.

The conclusions of the conference are important in understandingthe future of alternative fuels.
Legislative incentivesare critical to the developmentof AFV, especially with the expected decline in oil
prices. Researchbreakthroughswill be essentialto achieving an active alternativelyfueled fleet, with
naturalgas expected to be the fuel of choice. Ultimately, though,electric vehicles and biomass systems



coulddominatethe market. This technologyis developingand many operatingparametershave not been
determined. Assuming that the emphasis on research continues, many of the technical problems
associated with alternativefuels will be resolvedby the end of the decade, definingthe path of AFV2.

.t

The challenge of this study is to evaluate the requirementsof the INEL and determine the correct
alternativefuel to be developed.

Regulatory Issues

The requirementfor reducedvehicle emissions has motivateda renewedinterestin alternativefuels,
shifting the emphasis to clean burning fuels. The Alternative Motor Fuels Act of 1988 (Public Law
100-494, AMFA), the NationalEnergyConservationPolicy Act of 1988, and the Clean Air Act of 1990
Amendments (CAAA) have established aggressive national goals for both mobile (automotive) and
stationarysources of pollutants3. The six majorpollutantseffecting urban areas are carbon monoxide
(CO), nonmethane hydrocarbons(NMHC), nitrogenoxides (NO_),sulfuroxides, lead, and particulate
matter. Under the CAAA, standardshavebeen establishedfor vehicles affecting emissions of NMHC,
CO, NOx, and particulatematter. These standardswill applyto ali AFVs, regardless of fuel type. The
CAAA also identifies acceptable"cleanfuels", which includenaturalgas, ethanol, methanol, propane,
electricity, reformulatedgasoline, andany additionalfuel that reduces tailpipe emissions.

As an example of how these regulations are being implementedat the state level, the State of
Californiahas established a clean-fuelsprogram,which is ,'xpectedto be adoptedby the natio#. These
regulationsrequirethe use of reformulatedgasoline, heatedcatalysts,andheatedfuel-preparationsystems.
Most importantly,vehicle manufacturerswill be requiredto develop and market AFVs. Beginning in
1998, 2% of the vehicles sold must be zero-emissionvehicles (ZEVs), increasingto 10percentby 2001_.
In additionto reducing emissions, the potential impact on nationaloil importswill be great, displacing
nearly50,000 barrels per day by 20104.

In 1991, Executive Order12759 was signed, directingthat a plan be developedand implementedfor
ali Federalagenciesto meetthe standardsestablishedin these laws. Section 10of Executive Order12759
states that by 1995, total gasoline and diesel use in vehicles must be reduced by 10% from the 1991
levels. Section 11 of Executive Order 12759 sets out a timetable for convertingnew vehicle purchases
to AFVs. That timetable is as follows:

% of New Vehicles
Year to be AlternativeFuel

1993 10
1994 15
1995 20
1996 25
1997 33
1998 50

. INEL Vehicle Fleet

The EG&GFleet Managementunitof EG&GIdaho,lnc. is charteredto administerthe poolof vehicles
• owned by the U.S. Departmentof Energy, IdahoField Office. The fleet manager monitors contractor
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compliancewith propertymanagementand federalpropertymanagementregulations. The INEL has two
primaryvehicle pools, separatedby approximately50 miles, andsevensatellite pools located throughout
the site. Administrationof contractorrequirementsand regular maintenanceof the vehicles are also
responsibilitiesof fleet management. Each contractoris responsiblefor managingand distributingfleet
vehicles within its company and ensuringcompliancewith federal propertyma_aagementregulations.

Table 1 shows the composition of the vehicle fleet at the INEL. lt contains a total of 879 vehicles
consisting of 136 diesel-fueledbuses, 601 gasoline-fueled mid-sizevehicles includinglight-duty trucks,
and 158 gasoline-fueledcars, andconsumes 966,000 gallons of diesel and 544,000 gallons of gasoline.
Buses are used primarilyfor travel to and from the site, while other vehicles are used primarily for
shorter trips either at the site or in town. Other vehicles, such as medium and heavy duty trucks, are
exempt from the guidelines, lt is expected that these numberswill remainrelatively constant for the
foreseeable future.

Table 1. Compositionof INEL Vehicle Fleet

Vehicle Numberof Miles Fuel Miles per
Type Vehicles" Driven" Coasumed Gallon

Buses 136 5,700,000 966,000 5.9

Cars 158 2,734,000 106,000 25.8

Mid-size & trucl_ 601 5,725,000 ,[38,000 13.1

a. Base year - 1991
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Alternative FuelTypes

AFVs can beoperated,and thereforeseparated,intothree categories:vehicles thatoperateexclusively
• on a single fuel, vehicles thatoperateon specific fuel blends, andvehicles that operateon flexible fuel

mixtures. Vehiclesthat operateon a single fuel are considereddedicatedvehicles, with enginesdesigned
specificallyfor one fuel. These vehiclescan be optimized to ensurepeak engine performance. Engines

" operatingon blends are designedfor given combinationsof an alternativefuel and gasoline. These blends
generallyhave higheremissionsthan the purefuel, becauseof the combustionof gasoline. Flexible fuel
vehicles (FFVs)operateusing two separatefuels, generallygasolineandan alternative fuel, allowing for
easy transitionfrom the gasolineto the alternativefuel tank. These systems are especially advantageous
for extended range vehicles, becauseof the additionaltank. Each categoryhas specific advantagesthat
must be considered in determining an alternative fuel program.

This study addressesthose alternativefuels that canbest beappliedto the INELwithout compromising
facility operations. Alternative fuels analyzed in this study were methanol/gasoline blend (M-85),
ethanol/gasoline blend (E-85), compressed naturalgas (CNG), liquefied naturalgas (LNG), liquefied
petroleumgas (LPG), electricity, and hydrogen. These fuels were evaluatedusing a selectioncriteriato
determine the most suitable transportationfuel. Considerations include miles traveled per day,
maintenancerequirements,tailpipeemissions, local fuel supply,and financial demands. The alternative
fuel selected must propelthe INELinto the next decade, achievingaggressivegoals. A brief description
of each is given below. Table 1 shows a comparison of the energy density and cost for each of the
alternative fuels, and the expect range of a vehicle, lt should be noted that the range of any of the
alternative fuels can be increasedby increasing the fuel capacity. However, this will likely cause a
reductionin the storage capacityof the vehicle.

Table 1. Alternativefuel comparison.

EnergyDensity Vehicle Range Cost
Fuel type Form (Btu/gal) (Miles/tank) ($/equiv gal)

Gaso!_ne Liquid 114,000 300 1.18
Diesel Liquid 83,800 1.35
CNG Gaseous 21,800- 32,70(P 100 0.60
LNG Liquid 83,700 300 0.62
LPG Liquid 91,600 240 0.98
M85 Liquid 57,000 200 1.04
E85 Liquid 76,000 200 1.58
Hydrogen a 13,00(F < 100 2.90
ElectricVehicle N/A N/A 100 1.21

a. Hydrogenmay be gaseous, cryogenic liquid, or combinedin a metalhydridemat:fix.
b. Dependsupon pressureof CNG in tank - 2400 to 3600 psi
c. Energydensity for metalhydride. For compressedgas, energydensity is about50,000 Btu/gal.

Compressed natural gas (CNG). Naturalgasisgenerallyfoundin naturalgasreserves,but it
• couldbe producedfrom coal. The compositionof naturalgas varies throughoutthe country, depending
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on original gas composition and processing. Pipeline quality natural gas is composedof :,everal different
gases with methane typically accounting for 85% to 99%. Other constituents include ethane, propane,
some butanes, trace amounts of other hydrocarbons, nitrogen, helium, carbon dioxide, and trace amounts
of hydrogen sulfide, water, and odorants. Large amounts of non-methane hydrocarbons are typically
added to methane to enrich the fuel mixture leading to a reduced octane number, increased hydrocarbon
emissions, deterioration of the engine, and engine knocics.

Current natural gas vehicles are primarily light duty, gasoline fueled vehicles converted to dual fuel
capability. Cost of converting a light duty gasoline vehicle to dual-fuel capabilities with CNG is
approximately $2,500 to $3,500 per vehicle. Some limited conversions of diesel engines to CNG have
been done, but they are not generally available. New vehicle warranties remain valid after vehicle
conversion provided the cause of part failure is not due to the conversion. Compressed natural gas
(CNG) is stored in cylinders at 2400 to 3600 psi, and then released to the engine through a pressure
valve. CNG cylinder corrosion can occur from the formation of sulfuric acid from hydrogen sulfide and
water vapor in the natural gas supply s.

Basically, refueling stations may be located at gasoline stations though modifications are required
for natural gas tanks. Refueling time for CNG may be arranged as either slow-fill or fast-fill. The
slow-fill system use over-night refueling and costs are significantly less than fast-fill system. Refueling
time for fast-fill system is only slightly longer than for a gasoline system, and so are likely to be the
system of choice 7.

Natural gas is lighter than air with a specific."g_'avityof 0.56 to 0.62 relative to air, depending on
gas composition. Being a gas, CNG disperses readily, and cannot accumulate in pools on the ground or
beneath a leak. Odorants are added to allow for detection before dangerous concentrations are achieved.
Natural gas is a non-toxic gas, but can cause suffocation 8.

The autoignition temperature for natural gas at atmospheric pressure is 1004°F compared to 442°F
to 880°F for gasoline and 500°F for diesel. The concentration range where CNG is flammable in air
is 5.3% to 15% for natural gas, compared with 1.4% to 7.6% for gasoline. Ignition within the storage
cylinder is not possible due to the lack of oxygen in CNG cylinders. Natural gas has a research octane
rating of about 130 compared with 91 for gasoline. At 1000 Btu/fP, 1 f-t3 of CNG has the energy
equivalent of 1.4 to 2.1 gallons of gasoline or 1.9 to 2.9 gallons of dieseP.

Performance and driveabilty of methane vehicles are different from GFVs. Theoretically,
conversion of a gasoline engine to natural gas reduces power output by 10%. In practice, power loss is
usually greater than 10%, but does not exceed 17%. The average driver is insensitive to power losses
of 10% to 15% under normal conditions. Tuning ignition timing and air/fuel mixture can optimize
performance, fuel economy, and emissions. The CNG fuel cylinder range is typically 80 to 100 miles.
With duel fuel capability, this distance is in addition to the gasoline tank range. At low ambient
temperatures, natural gas cold start ability is better than gasoline t°'n.

Because CNG is a vapor, CNG vehicles have no evaporative emissions as such, but they do have
fugitive emissions as residual natural gas leaks from the fuel system when not operating. Emissions of
concern are carbon monoxide (significantly lower than gasoline), nitrogen oxides (may be slightly higher
than gasoline), and total hydrocarbons (typically 40% to 60% lower than gasoline). EPA emission
standards for methane vehicles are expected to be published in late 1992. Also, compliance with the 1990



ClearAir Act Amendments,the CaliforniaAir ResourceBoard(CARB),and the State of Coloradoclean
air standardswill be requiredby 199312'13.

" Liquefied natural gas (LNG). LNG is _sentially pure methane that has been liquified at a
temperatureof -260°F and 10 to 20 psig. As with CNG, LNG should be widely available, if the
liquefactionfacilities are built. The fuel transportsystemcouldbe handled two ways: (a) naturalgas
pipelinesto localliquefactionfacilities/distributors,or Co)centralizedliquefactionfacilitieswith transport
of LNG to local stations. The choice between these two will dependuponthe volume and economicsof
LNG handledby local stations, and the developmentof small-scale liquefactionsystemsTM.

CNG andLNG are very similarin performanceand emissions. The only significantdifference is
in the fuel tankandfdling system. The performanceof LNG vehicles is identical to CNG, because the
fuel is vaporizedbeforereachingthe engine. As with CNG, LNG has beenused primarilyin lightduty,
GFVs c_nvertedto dual fuel capability. Cost for convertinga light duty gasoline vehicle to dual-fuel
capabilitieswith LNG is comparablewith CNG at approximately$2,500 to $3,500 per vehicle. The
engine conversion is the same as for CNG, but the fuel delivery system will be different, with two
options currentlybeingconsidered: (a)highpressure(3000 psi) and (b) low pressure. The highpressure
system does not requirecryogenic storage and is furtherdeveloped than the low pressuresystem that
requires -2:O°F fuel storage. To bridgethe gap untilLNG developmentreaches a satisfactory point,
vehicles could be first converted to CNG. Then, when the fuel system is fully developed, the final
conversionto LNG couldbe completed, BecauseLNGhas a greaterfuel density, vehicles have a range
of about300 miles. As with CNG, little work has been done to convertdiesel engines to LNG. One
gallon of LNG has the energyequivalentof about0.75 gallons of gasoline or 1.0 gallon of diesel The
fuel tank filling system, which must be able to handle the cryogenic liquid also requires some
development_.*.

LNG is stored in tanksat 10to 30 psig and-260°F. Severe frostbitemay occurfrom contact with
LNG or associated cold components. LNG vapors cannot be detected by smell. The severe low
temperatureswith LNG may alterthe strength characteristicsof many commonmaterials located in the
fuel chamberI'.

Liquefied petroleum _ses (LPO). LPG consists of one or more iiquifiedhydrocarbongases
including propane, butane, and pentane, but propane is the primary constituent of interest as a
transportationfuel. LPG is producedin conjunctionwithboth naturalgas (55%) andcrudeoil (45%).
lt is currentlyused on a limitedbasis as fuel for domesticheatingandcooking, and to some extentas a
motorfuel. The distributionnetworkis extensive, but in somewhatlimitedquantities. Withits primary
sourcebeing as a minorconstituentof naturalgas production,the fuel supplycouldbe limited. Propane
could be produced from other sources, but the cost would increase significantly. Because LPG is
odorless, an odorant is addedto fuel grade LPG to aid in the detectionof leaks. Fuel gradepropane is
currently available in manytruckstops. Refinery producedLPG generally containsgreateramounts of
propyleneandother low octane components, however specificationsused for standardpropane(HD5)
ensuresconsistencyts.

LPGvehicles are primarilyretrofittedGFVs withpick-uptrucksand mediumduty truckscomprising
, the greatestnumberof vehicles. Severalstateandlocalvehicle fleets havebeenconverted to LPG at least

on a trial basis. However, the INELhas experiencedrelativelylow reliabilitywithLPG vehicles. Little
developmenthas beendone toward conversionof diesel fueled vehicles to LPG. LPG is storedas liquid

• form underpressurein cylinderslocated in the truckbed or trunkof an automobile. Gasoline or diesel
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vehicle conversion to LPG costs approximately$1,500 and involves the installationof a fuel storage
cylindermountedon the frame andseveral engine compartmentmodifications. Propane has a research
octane ratingof about 110 to 120, butane105 to 110, comparedwith 91 for gasoline6'16.

Refueling stations may be locatedon the same sites as gasoline stations thoughmodificationsare
requiredfor propane. Refueling time for LPG vehicles is slightly longer than for gasoline systems.
Propane has a boiling point of -44°F and therefore rapidly boils and vaporizes when exposed to
atmospherictemperaturesand pressures6.

LPG vapors are heavierthan airwith a specificgravityof 1.5 relativeto air (air- I) at65°F. Initial
releasesof LPG expandfrom a liquidstate to a gas state with a volume increaseof 270 time,q..:_orants
are addedto allow for detectionbeforedangerousconcentrationsare achieved. Explosionsof LPGtanks
may occur when vaporizationis higher than can be relieved through the pressure relief system. The
autoignitiontemperaturefor propanegas at atmosphericpressureis 855°F compared to 442°F to 880°F
for gasoline and 500°F for diesel. The range of flammabilityin air is 2.4% to 9.6% for propanegas,
compared with 1.4% to 7.6% for gasolineTM.

Propane is a non-toxic gas; no harmfullong-termeffects from repeatedexposureto propanevapors
has beenreported, althoughhigh concentrationsof LPG causesasphyxiation. Also, sevez_frostbitemay
occur from contact with LPG or associated cold componentsn.

Performance and driveabiltyof propanevehicles are essentially the same as with GFVs. Tuning
ignitiontiming andair/fuel mixture can optimizeperformance,fuel economy, or emissions. Using the
same volume LPGtanksas conventionaltanks,LPG vehicle range is 10to 20% less than gasolinevehicle
range. Increasingthe tank size can compensatefor any distance loss. At low ambienttemperatures,
propane cold start ability is betterthan gasoline. However, underextremely cold temperatures,when
vapor pressure in the storage tank is low, cold start difficulties have been reported as a result of an
insufficientvapor pressuredifferencebetween the fuel tankand the pressureregulator. ConvertedLPG
vehicles have slightreductions in accelerationand maximum power speed of about 5% compared with
gasoline engines17.

LPG vehicles have no evaporative emissions under normal operatingconditions. Emissions of
concernare carbonmonoxide(significantlylower than gasoline), nitrogenoxides (lower than gasoline),
total reactive organics (lower than gasoline), and hydrocarbons (slightly higher than gasoline). EPA
emissionstandardsfor propanevehicles are expectedto be publishedin late 1992by the Officeof Control
Technology. Also, compliance with the 1990 ClearAir Act Amendments,the California Air Resource
Board (CAP,B), and the State of Colorado clean air standardswill be required by 199316.

Methanol/gas_'n_ blend (M85). Mostmethanolisproducedfromamixtureofcarbonmonoxide
andhydrogen,whichin turnisproducedfromcoal,air, andsteam.Methanolcanalsobeproducedfrom
naturalgas or biomass,but this is an unlikelysourcefor transportationpurposes. Methanolis a
significantcommoditychemicalin thepetrochemicalindustry,butsignificantuseasa fuel wouldrequire
a dramatic increasein production. Current productioncannotadequatelysupply the national
transportationfuel demands.Pricesrangefrom$0.90 to $1.10perequivalentgallonn.

Technically,methanol-fueledvehiclesoperateidenticallyto gasolineenginesandareseparatedinto
threeclasses;thosethat operateon 100percent(neat)methanol;thosethat requirea particularfuel mix,
such as M85 (85% methanol and 15% gasoline); and flexible fuel vehicles (FFVs) that run on fuel
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mixturerangingfrom M85 to 100%gasoline. The most likely blend selected for vehicle use will likely
be M85, althoughonly 85% of the credit for the gasoline/diesel offset requiredby 1995 can be taken.
With the reduced fuel density, ignitionis difficult. Methanolis most commonly blended with gasoline
(M85) to improvecold weatherstarts, driveability, and engine wear. Methanol corrodes, magnesium,
copper,lead, zinc, and aluminumparts, in additionto somesynthetic gaskets. The corrosivenessof M85
will requirematerials changes within the engine and fuel system. The effect of the corrosivitywill be

• to increase either the conversioncost or the maintenancecost. There has been limited conversionof
diesel vehicles to methanol. Difficulties with cold startshave essentiallybeensolved with the installation
of block heaters, fuel heaters, and volatility e_ancers.16'19

Methanol fuelingstationsc_ belocated at gasolinestations, thoughsomemodificationsarerequired
for M85 tanks. The time to re_el FFVs may be slightly longer than for GFVs. Methanol vaporsare
slightly heavier than air and therefore vaporswill tend to accumulatein the areaof a spill. Methanol is
miscible with water, increasing_e environmentalrisk in the event of leakage, such as from a storage
tank. _

Thoughnot a carcinogen, methanol is toxic and ali contact should be avoided includinginhalation,
ingestion, and skin penetration. Methanoldoes notaccumulateinthe body. However, with repeatedlow
exposures, methanol is metabolizedto produceformate. Ingestionof 3 to 4 teaspoons of methanol is
toxic, 20 to 40 teaspoons is fatal. Pure methanol is both tasteless and odorless, however, fuel grade
methanol has additives that allow for taste and odor detection's.

Range of flammability in air is 7.3% to 36% methanol comparedwith 1.4% to 7.6% for gasoline.
M85 can form flammablemixtures in fuel tanks below 0°F, at higher temperatures,the air to fuel
mixture is too rich for ignition (compared with gasoline, closed fuel tanks form flammablemixtures
below -15°F). Ignitionh_zardcan be virtuallyeliminatedwith the installationof flamearresterson the
fill pipe and tank vents, lt is best to treat M-85 as gasoline in open air situations and as neat or pure
alcohol in closed fuel tanks_.

Performance and driveabiltyof alcohol vehicles is essentially the same as GFVs. Tuning the
ignitiontiming and air/fuel mixturecan optimizeeitherperformance,fuel economy, or emission. There
may be a small increase in vel_icleweight from largerfuel tanks used on some FFV's, thus decreasing
efficiency2°.

The mileage for M85 is approximatelyhalf that for gasoline (11.4 mpg versus 21.7 mpg), which
translates into a range of about200 miles for M85. Largerfuel tankswould increasethe vehicle range,
butwouldreducefuel efficiencyas comparedwith GFVs, andwouldreducethe vehicle storagespace_9'2_.

Emissionsof concernfor methanol includealdehydes (primarilyformaldehyde), carbon monoxide
(lower than gasoline), nitrogenoxides (lower than gasoline), and total hydrocarbons(may be slightly
higher than gasoline). EPA emission standardsfor methanol vehicles were published in the April 11,
1989 Federal Register. Also, compliance with the 1990 Clear Air Act Amendmentsis requiredand
California'slow emissions vehicle (LEV) standardis suggested17.

. Ethanol/gasoline blond {E85). Most ethanolis producedby the hydrationof ethylene. Ethanol
can also be producedby fermentation of grainor otherbiomass, but despite political pressureto use the
U.S. grainsurplusto produceethanol, the economicswill continueto favor the classical route, which is
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less costly andgives a purerethanol. Based uponsugar producedethanol prices in Brazil, the cost of
ethanol is expected to be $0.65 to $0.85 pergasoline equivalentgallon:8.

Ethanol is chemically similar to methanol, thereforemany of the characteristicsfound in methanol
applyto ethanol. As with methanol, ethanol vehiclesare separated into three classes; those that operate
on 100 percent (neat)ethanol, fuel mixes, such as M85, andFFV. lt is most likely that E85 wouldbe
the compositionof choice. E85 is a blendof 85%ethanol and 15%gasoline. As with M85, the gasoline
improvesthe octane and makesthe flamevisible. Again, becauseof the gasoline content, only 85% of
the credit for the gasoline/diesel offset requiredby 1995 can be taken. As with M85, conversionof
GFVsto E85 is relativelyeasy and, becauseE85 is less corrosivethan M85, there will be fewer materials
problems, so either the purchase cost or the maintenance cost will be lower. Currently, ethanol is
blendedwith gasoline (E85) to improvecold weatherstarts, driveability,andengine wear. Fueleconomy
for E85 vehicles is about 30% lower than for GFVs. Little developmenthas been undertakentoward
conversion of diesel vehicles to ethanol. Ethanol has been used as a gasoline additive and octane
enhancer since the early 1980's, because of the significant tax incentives offered for ethanol from
fermentation.Ethanol does notattackthe engine nearlyas muchas methanol. Recently,ethanol has been
seen as a good way to increasethe oxygen of fuel, which is being requiredby various regulations::'2°.

Ethanol is much less toxic than methanol, but fuel gradeethanol contains toxic additives whichare
harmfuland/or carcinogenic. Range of flammabilityin air is 3.3% to 19% for ethanol, comparedwith
1.4% to 7.6% for gasoline. Emissions for ethanol are similar to those for methanolTM.

ttydrogon. Hydrogen is a gas, and is used in large quantities in the petrochemicalindustry,bu_
the large-scale distributionnetworkrequiredfor fuel use is not available. Reformingnaturalgas or coal
gasification canbe used to synthesizehydrogen. Researchindicatesthat reformingnaturalgas in existing
undergroundpipelinescan be used to rechargehydrogenstorage tanks. Hydrogencan also be produced
by the electrolysis of water. Hydrogen can be stored as a compressedgas, a cryogenic liquid, or
chemically combinedin a metalmatrix called a metal hydride, lt is also possible to use hydrogenin a
fuel cell to produceelectricity, thereby creating a hydrogenpowered electric vehicle2:.

Hydrogenis nominallya zero emissionsft__1,providingadditionalbenefitsto traditionalcombustion
engines. However, if one considersthe emissions necessaryto producethe hydrogen,then the claimfor
zero emissions loses some credibility. It doeshowever, converta mobilesourceto a point source, which
couldmake controleasier. Hydrogenfueled vehicles fall intothreecategories. The firstclass of vehicles
are those similar to a gasoline engine, with the ability to operate on both gasoline and hydrogen.
Vehicles using metal hydride comprisethe second group, operatingon a hydrogen cycle that releases
interstitialhydrogenfrom the metal hydride. The final category is hydrogenfuel cells, which generate
electricity througha proton exchange membrane. Hydrogenis far from a commercial application,but
manytest vehicleshave beendeveloped. Most hydrogenvehicles operateby a combinationof the above,
for instance, incorporatingmetal hydridestorage with a fuel cell. Majortechnological difficulties are
expected to be overcome by 2000, but this is not sufficient to meet the mandatedgoals for the INEL
fleet=,z3.

The design of hydrogenvehicles has been limitedby the difficultlyof storing the energy. Various
innovativeoperatingcycles havebeen successfullydeveloped, butnonehavebeencommerciallyproduced
and marketed. With the adventof the CAAA, interest in hydrogenvehicles hasbeen renewed6,12.
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Hydrogen fuel cells have been used since the early 1960's by NASA in the Gemini and Apollo
missions. These cells were used to provide both electricity and drinkingwater for the astronauts_.
Though applicationin the transportationsector has been very limited, recent advancementsfavorably
demonstratethe advantages of hydrogen. Hydrogen fuel cells operate through a proton exchange
membranethat combineshydrogenandoxygen to form water, and produceselectricity. The prototype
vehicle was two to three times more efficient than conventional internal combustion engines, with

" significantlyextendedranges. The range is approximately1,000miles. Battery-poweredelectricvehicles
have a range of about 120 miles, a differenceof about8.6 times or 900 miles. Thishighly efficient fuel
cell can also be operated in reverse to produce hydrogen, similarly to electrolysis. The hydrogen
produced is stored in a tank filled with a finely groundedmetalalloy that absorbsgaseous hydrogenand
releases oxygen. During periodsof non-drivingand braking,when power is not requiredto drive the
vehicle, the cycle is reversedto producehydrogenfuel that is, in turn, used to produceelectricity in the
fuel cell. Additionalexperimentationsuggests thatheat generatedby the hydrogenfuel cell couldbe used
to heat the passengercompartmentand the heat absorbedhydridecouldbe used to providecooling. This
technology is availableand several prototypevehicles have been constructed_.

Economically, the operating cost for the hydrogenfueled vehicles covers a wide range. Direct
hydrogen fueled vehicles have an operating cost of about $2.90/equiv gallon. Vehicles using the
hydrogenfuel cell couldhave a cost of about4e/mile21.

Becauseof the significantlyhigher costs associatedwith hydrogenand the relatively earlystage of
development,hydrogenwas removedfrom furtherconsideration, lt is unlikelythat a supplyof hydrogen
will be availableby 1995, e';en if vehicles couldbe found.

£1octd¢ vohi¢lo. While not specifically an alternative fuel, the electric vehicle must still be
considered an alternative to a gasol_,e or diesel fueled vehicle. The electric vehicle is driven by a
rechargeablebattery, which is veL_ __:i-=,_t. Poweris readilyavailablethroughelectric utility service.
Nearterm electricvehicles are power_ by electricitythat is storedin rechargeablebatterypacks,though
as discussed above, developmentis underwayfor a hydrogenfuel cell electric vehicle. Currentvehicles
use lead-acid batteries, but nickel-ironand sodium-sulfurbatteriesare expected to be developedwithin
the decade. These new batterieswill take longer to discharge, effectively increasingthe vehicle rat.ge.
Currenttechnology using very heavy lead acid batterieshave a range limited to about50 to 100 miles
beforerecharging. Becauseof the long distancesinvolvedin drivingto andfrom, as well as awund, the
INEL, it is unlikely that the electric vehicle will be a viable alternative to meet the goals. The electric
vehicle requiresan entirely new vehicle; it is not possibleto converta gasolineor diesel fueled vehicle_.

Severalelectric vehiclesare underdevelopment. The G-Van, a one-tonvan producedby Conceptor
Industries, currently is the only EV certified to meet ali U.S. Federal Motor Vehicle Safety Standards
(FMVSS). ChryslerCorporation,inconjunctionwith ElectricPowerResearchInstitute(EPRI)and DOE,
plansto introducethe TEVan,usinga nickel-ironbattery, in the mid 1990's. FordMotorCompanyplans
to introduce the EcoStarvan, using a sodium-sulfurbatterypack, in the mid to late 1990's. General
Motors Corporationis designing a completely new concept vehicle, a two passengerelectric vehicle,
called the Impact. The Impact will use the better tested lead-acid batteries and is expected to be
introduced in the mid-1990's. GM and Ford are also developinghybridvans, capableof operatingon

• electricity and rechargingon gasolineIs.

The voltage requiredfor rechargingEV batteriesis 200/250-volt, single phase, 60 amperes(amp),
power source. This voltage range is compatiblewith theU.S. standardvoltage of 208/240-volt, single
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phase 60 amp. A disadvantage with electric vehicles is that a fully discharged battery takes 8 to 10 hours
to recharge. This is relatively impractical for vehicles that have such a limited driving range. Charging
stations should be located indoors in a properly vented heated space to ensure full charge is.

b

Like the hydrogen vehicle, the electric vehicle is nominally a zero-emission vehicle. However,
electric power, generated from fossil fuel, will not reduce net environmental emissions, but will change
the emission from a mobile source to a point source. This is an important factor when evaluating
emissions 1_.

Sevor_ hazards are associated with EVs. Electric shock is a common problem. Shock can be
avoided by knowledgeable maintenance personnel and maintenance schedules. Sulfuric acid contained
in the lead-acid batteries can cause damage to the vehicle. Periodically checking batteries for acid leakage
can prevent this damage. Hydrogen, an explosive gas, can be released during battery recharging, and
explosions have occured with improper recharging. With a lower specific gravity than air, the vapor
dissipates rapidly in ventilated garages_.

The cost of electric vehicles tends to be high. The G-Van is estimated to cost $50,000 per vehicle.
The mileage is about I mile/Kwh, which is equivalent to about 15 miles/gallon gasoline. This compares
with about 22 miles/gallon for a similar gasoline fueled vehicle. The range is about 60 miles between
recharges under optimal conditions. Range is reduced by factors such as vehicle load, long distances at
high speed, steep hills, cold temperatures, and the use of auxiliary equipment (e.g., heaters, air
conditioning, windshield wipers, headlights, etc.). With lead-acid batteries, there is a one-mile reduction
in range for each 5°F drop in temperature from 75°F 15.

The factors which define whether EVs should be used in the vehicle fleet include distance, payload
requirements, types of terrain, operating speeds, outside temperatures, and locations along the route for
charging opportunities. Potential applications might include security patrols, plant maintenance activities,
deliveries, and customer service calls. However, because of the limited range, and the limited
availability, electric vehicles are unlikely to be suitable to meet the goals for either fuel reduction or near
term alternative-fueled vehicles introduction. For these reasons, electric vehicles were eliminated from
further consideration.

Considerations for Converting to Alternative Fuels

In order to make a final decision on which alternative fuel would best serve the INEL, several

considerations must be taken into account. Some of these considerations can be quantified, while others
can only be qualitatively addressed.

Cost. Both capital and operating costs must be considered when selecting an alternative fuel. Capital
costs include new vehicle costs, ¢_sts of conversion of existing vehicles, and the cost to establish the
infrastructure. Operating costs include the costs for fuel, maintenance, training, insurance, etc. The
resale value of retired vehicles must be considered.

AeMlability. The availability of the vehicle types used at INEL, as well as .the alternative fuel will
be an important part of the decision.

Suitability to IN££. Suitability includes such things as the travel range of a vehicle, where vehicles
must be able to travel to and from the site. Because INEL has a mixed diesel/gasoline fleet, it would be

14



desirable to have a single alternative fuel to replace both, which might limit the choice. The alternative
fuel must work over the temperature range of -40°F to 100°F expected in Idaho.

" Emissions. Emissions will vary with different fuels and would seem to be an important
consideration. However, federal andstateregulationsfor emissionsfrom AFVs arebeinl; developed.
Thesewill dictate maximumlevelsfor ali emissionsfrom alternative-fueled vehicles. Therefore,while

" some alternative fuels will require more emissionabatementadd-ons to the vehicle than others, the
differenceswill be reflected in the vehiclepurchasecost.

Reliability. Reliability of the vehiclesis an importantconsideration,but will bedifficult to evaluate
at this time, becausenoneof the alternative-fueledvehicleshasbeen testedextensivelyenough.

Safety. Safety, which encompasses both the vehicle itself and the filling station, is also _mimportant
consideration that is difficult to evaluate. However, it is expected that ali alternative-fueled vehicles and
facilities will be required to meet ali relevant federal and state safety standards before they will be made
available. As with emissions, inherent advantages in safety of one alt¢,-'nativefuel over another will be
reflected in the vehicle or infrastructure costs.

Acceptance. Until alternative-fueledvehicleshavebeenin usefor sometime, it will be difficult to
make more than a general evaluationconcerningacceptance.

Summary. For the situationat the INEL, it will be difficult to convert the diesel busesto an
alternative fuel in time to meet the 1995 goals, so the 10% reduction in fuel use will need to be
accomplishedthrougha reductionin gasolineuseand/or a reductionin thenumberof milesdriven. One
scenariobeingconsideredwouldhave the 10% reductioncome entirely from gasoline,which impliesa
reductionin gasolineuseof 30%, or 153,000 gallons, lt hasbeenestimatedthat as newervehicleswith
improvedgasolinemileage are purchased,and improved fuel conservationmethodsare used, a 10%
reductionin gasolineu_e could be achieved. However, the remaining20% reductionwill require
substitutionof alternative-fueledv_icles. To meetthe new vehiclesubstitutionschedulewill require
lmrchaseof alternative-fueledbusesas well as cars. lt maybe that a singlefuel will not be suitablefor
both the neartermand for the future. At sometime in the future, there will be driving forceswithin the
alternative fuels industrythat iead to the adoptionof a particular fuel for use by the general public.
Thesemay or may not be the sameas for theINEL fleet, wheregoalsare beingmandatedbeforeali the
researchconce;°_ir_galternativefuelshasbeencompleted, lt may benecessaryfor theINEL to selectone
fue! to meet the 10% conventionalfuel reduction,evenknowingthat anotherfuel will be more suitable
in the future. To meet these goals, in the most cost-effectivemanner, requires an analysisof which
alternativefuel bestmeetsthe overall needsof theINEL fleet.
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SYSTEMS ANALYSIS MODEL

Systems Analysis Approach

This study used the systems thinking approachespoused by the book The Fifth Discipline_ and
pioneered by Jay W. Forrestor. A "system"is definedto be "a collection of partswhich interactwith
each other to function as a whole". The traditionalapproachto problem analysis involves breakinga
large problemdown intosmall parts,each of whichis analyzedby itself. The implicitassumptionof the
traditional approachis that a system is the "sum of its parts". In contrastto the traditionalapproach,
"Systemsthinking" recognizesthat the interactionsamong those parts are usually extremely important
andcannotbe neglected. "Systemsthinking"also recognizesthat, in the realworld, causeand effect are
often widely separated in time and space. "Systems thinking" also allows for the inclusion of "soft
variables"such as "customerperception"or "employee morale" which may not be precisely quantified
butwhich can have a big impacton the dynamicbehaviorof a system.

The studyof many differentkindsof systemshas shown that ali systems, as defined above, contain
certainbasic organizationalstructures;such as, positive feedbackloops and negativefeedbackloops.

The conceptsassociated with "systemsthinking"may not be new butthey are very profoundand are
often overlooked duringa decision makingprocess. The recentdevelopmentof computer-basedsystem
analysis tools has made it easierto applythese importantconcepts.

Figure A1 (AppendixA) is a high level representationof the process addressed by this study, lt
consists of a set of variables which interactwith each other to form a set of closed loops. An arrow
between two variables indicates a cause and effect relationshipbetween the variables. The diagram is
described in moredetailin AppendixA. lt representsthe fundamentalthinkingbehindthe detail_l model.
The developmentof this high level modelhelped to identifypotential leveragepoints, which are actions
that can be taken to move the system toward the desired results. In this case, the desired result is
assumedto be a fleet of alternativefuel vehicles (AFVs). The developmentof the model also helped to
clarify the following aboutthe process of introducingAFVs.

• Without external intervention, the AFV customer acceptance level must meet or exceed the
currentacceptancestandardbefore there is a significantnumberof AFVs in service.

s There is currently a customeracceptancegap betweenAFVs andcurrentvehicles, whichmay be
temporarily overriddenby Federal directive. The customer acceptancegap is the difference
between the AFV acceptance level and the current acceptance level of gaso]ine and diesel
vehicles. The currentacceptancelevel forgasoline and diesel vehicles is basedon attributes,such
as cost per mile, reliability, safety, performance,emissions, andfuel availability.

s As the numberof AFVs in service rises, the AFV customeracceptancelevel will tend to increase
after a time delay. Ali the main componentsof custonieracceptance, as outlined above, are
expected to improve as a result of increased numbers of vehicles in service. However, this
improvementmay not happen until after a significant time delay. Also, the most significant
causes for improvementsin customeracceptancemay be external to the INEL. Improvements
in AFV qualityare more dependenton the globalnumberof AFVs in service than on the number
of vehicles in the INEL fleet.
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• If the Federal initiative can continue long enoughto close the acceptancegap, the desiredeffect
will becomeself sustaining. After the AFV customeracceptancelevel rises to meet the standard,
then the system will sustain an increasingnumberof AFVs (without external intervention)until

• the entirefleet is AFVs. If the AFV customer-acceptancelevel remainsbelow the standard,then
the numberof AFVs will decrease toward zero unless there is continued interventionfrom a
Federal directive.

• The leverage points are actions that will help to close the AFV customer acceptancegap faster,
and thereforemake the system self-sustainingsooner.

The I-thinkTM Tool

The teel chosenfor this study is namedl-thinkTM and is a commercialproductfromHighPerformance
Systems, Inc. of Hanover, NH_. It is designed for Macintoshdesk top computersand is intended
primarilyas a decisionmaking aid. The teel wasdesignedfor the "systemsthinking"approachdescribed
above, lt is paxticularlywell suited for quicklycreatinga workingmodel of a system. For moredetail
on I-thinkTM, see the l-thinkTM Users Guide.

The user of I-thinkTM beginsby drawinga diagramof the system understudyon the computerscreen.
The diagram is made from a small set of basic buildingblocks. The buildingblocks are: (a) stocks,
(b) flows, (c) converters,and (d) connectors. The stocks, flows, andconveners are ali system variables
which must be given names by the l-thinkTM user. A flow depicts an activity that feeds into andout of
a stock. A stock is a storage place and generallyacts like an integrator. A converteris a generalized
variable. A connectoris used to link stocks, flows, and convertersto other converters. A _nnector
implies an input or an output. The teel allows for some variety in types of stocks and has built in
functions that providefor the programmingof complexformulaswithin conveners and flows.

Eachstock, flow and convertercan be defined morecompletelyby double-clickingto open a win0ow
associated with it. The window associated with each buildingblock provides for documentationof
assumptions, the defining of formulas, and the selectionof other options.

The teel will run a simulationof the model when the diagram is complete and when ali the inputs
impliedby the connectorsare resolved with valid formulas. The teel provides a method for plotting the
value of any variable over simulated time. The teel also provides the capability to run a series of
simulations where the values of input variables are varied over a range of values or a probability
distribution(that is, sensitivity analyses).

I-thinkTM version 2.0.1 was used for this analysis. It is especially good for small models, but for
larger, more complexmodels, it has a sectoring featurethat allows the model to be divided into sectors,
which can each be runindependently.While I-thinkTM can also be used to create very largemodelswith
hundredsof variables, such a model can become very difficult to manage, and the computer runtime
increasessignificantly. The model created for this studyhas 190 variables and is large enough to cause
noticeablecomputingdelays on a MacintoshIlci, butfor the most part,I-thinkTM was very usefulfor the
purposesof this study. I-thinkTM also provides output that can be exported to graphics packagesand
spreadsheets.
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Model Description Overview

A detailed description of the system_analysis model that was developed for this study is found in
Appendix1. Appendix2 containsthe diagramsand equationsthat are the actual implementation. The
modelwas implementedon a MacintoshIIci computer.

The model representsthe process of changingthe INEL gasoline and diesel fueled fleet into a fleet
of AFVs. The process is modeledon a yearby yearbasis for20 years into the futureto cover the range
of 1993 to 2013. The model is designedto be generic enoughto be used for any alternativefuel so there
can be direct comparisonsbetweenalternatives. Ali the numbersassociated with the alternative fuels are
in units of equivalentgallons, wherean equivalentgallon is defined to be the amountof alternativefuel
that produces the same amountof energy as a gallon of gasoline, or about 890,000 Btu.

The majorcomponentsof the model are:

1. Vehicle flow.
2. Cost flow.
3. Introductionprocess.
4. Customer acceptance.
5. Emissions (atmosphericpollution).
6. Controlpanels.

Vehicle flow is modeledby dividingthe fleet into three maintypes: cars, buses, and mid-sizevehicles.
The flow of each of the three types is modeled separately. The vehicle flow model is a representation
of how vehicles flow from "new vehicles" to "vehicles-in-service"and then to "retiredvehicles". It
includesa conversionprocessto convertgasoline/dieseltypevehicles into alternative fuel type vehicles.
The vehicle flow is controlledby (a) demand for vehicles, Co)the average time in service, and(c) the
alternativefuel introductionprocess.

Cost flow modeling is the year by year additionof ali the costs associatedwith the process. These
costs include (a) the cost of constructingan alternativefuel infrastructure,(b) the price of new and retired
vehicles, (c) conversion costs, (d) fuel costs, and (e) annualmaintenancecosts. The costs are also
calculatedas a cumulativepresentvaluewherethe effectsof inflationand the cost of capitalare included.

The introductionprocess model includes (a) a delay associated with constructing an infrastructure,
(b) a yearby yearplan for the fractionof new vehicles that are to be alternatively fueled, (c) a yearby
year planfor the fractionof gasoline/diesel vehicles that areto be convertedto alternative fuel, and (d) a
feedback mechanismthatlimits the actualpurchasesandconversionsaccordingto the level of customer
acceptance. The purchase and conversion schedules drive the introduction process, and should be
consistentwith the Federal directives.

The emissions model calculatesthe amountof atmosphericemissions predicted each year from ali
INEL vehicles. Three types of emissions are calculated: nitrogenoxide compounds(NOx), carbon
monoxides (CO), and nonmethanehydrocarbons (NMHC). These three components were chosen,
because there are emissions standardsfor them. The amountof each type of fuel consumed each year
is includedin this partof the model.

i,
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The controlpanels are included in the model to clarify the inputvariables and to make the model
easier to use. Ali the inputvariables are included in the control panels. Every inputvariable may be
a functionof time.

Assumptions and Inputs

• This section will presentthe assumptionsused in developing the model, and the inputdata that leads
to a nominal "bestguess" case. In AppendixA-4 details of the inputdata are given with both the
nominal values and the minimumand maximumanticipatedvalues are provided.

Assumptions

The following assumptionswere made in developing the model. Some are straightforward,while
others representa choice of options. Otheroptions exist representdifferentscenarios and some of the
other options were analyzed to see whateffect they might have.

• The alternativefuels will be technicallyfeasiblefor each of the vehicle types underconsideration.

• AFVs will be acceptableto users. The model allows for a varying level of acceptance,but there
is no datato quantifya particularlevel, andFederalguidelines will mandatethatvehicles will be
acceptable.

• Ali environmentaland safety regulationswill be met. Althoughthe modelwill calculateemission
levels for differentalternative fuels, it is somewhat of a moot point, because, while there will
likely be differences among the various AFVs, Federal regulations will dictate a minimum
standardthat ali vehicles must meet. Therefore, vehicles that cannotmeet the standards,will
requirethat pollution abatementequipmentbe added, similarly to the way currentGFVs have
today. These add-onswill representan increasein the purchasecost for vehicle. Safetyconcerns
will be similar, with differencesbeingaccountedfor in differentvehicle costs.

• Onlyone alternativefuel will be selected, lt was decided that the added complexityand cost of
a multinfueledfleet wouldnot be worththe potential improvementin performance.

• The demandfor vehicles will remainconstantat 1991 levels.

• The numberof miles driven for each vehicle type will remain constant. This assumptionis
clearlyopen to debate, becauseone way to meet the 10% fuel reductionwould be to reduce the
numberof miles drivenby 10%. However, there is no current plan to do so.

• The yearsof service for ali vehicles is the sameandremainsconstantwith time. The model has
the ability to change the service time, but no logical schedule exists to say that there will be
change.

• Onlynew gasolinecars will be convertedto alternativefuels. This decisionwas made by the fleet
• management. Becausevehicle conversionswould not be done at INEL, this says that, in effect,

no conversion, as such, will be done. The only real effect is to have the cost of new vehicles
change with time as they changefromcoeversions of GFVs to specifically designed AFVs
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s No buses will be convertedfrom diesel to an alternativefuel. Ali alternativelyfueled buses will
be purchasednew.

• Ali costs are in 1992 dollars. Inflation and the time value of money are includirigin the
cumulativepresentcost.

Inputs

Inputdatafor the modelare presented in Appendix D.
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ANALYSIS RESULTS

As statedearlier, the objectiveof thisanalysisw_ to provideguidelinesto the INEL fleet management
to meet goals for reducing gasolineand diesel fuel usage, and to implement AFV purchaseplans.
Becauseof the many variablesinvolved, it is not possibleto recommenda singlealternativefuel as the

• best to servethe needsof the INEL. Therefore, the resultswill be presentedon a "bestguess" basis.
For eachof the input variablesthere is a nominal value that representsthe bestavailabledataknownat
present. There is also a minimum andmaximum value for eachvariable that representsthe best and
worst caseanticipatedfor thatvariable. The rangecanbequitelarge, becauseof the uncertaintyin much
of the dataassociatedwith ali of the alternativefuels.

With the many potential input variables available in the simulationon l-thinkTM, it is possible to
generate a bewildering assortmentof results. Although there are numerousscenariospossiblefor
implementingAFVs, a scenariowas selectedthat representsthebestcurrentthinking of how AFVs will
bebroughtinto the INEL fleet. The scenarioreflectsboth Sections10 and 11of ExecutiveOrder 12759
as describedpreviously. The 10% reductioningasolineanddieselfuel useisplannedto beaccomplished
en*.irelyby about a 30% reduction in ga._olineuse, with 10% resultingfrom improved conservation
methods, and20% through the useof AFVs.

Figure 1 showsthe rate of introductionof ATVs as the percentof new vehiclesthat usealternative
fuel. Between1993 and 1998, the increasein percentof new AFVs is basedon Section 11of Executive
Order 12759, which callsfor 50% of new vehiclesto usealternativefuels. After 1998, the trendwas
continueduntil ali new vehiclesare alternativelyfueled, whichoccursabout2001. Figure 1 also shows
the percentof total carsandbusesin servicethat are alternativelyfueled. Under the scenarioof 100%
of new carsto be alternatively fueled by 2001, the fleet becomes100% alternativelyfueled carsby 2008
and 100% alternativelyfueled busesby 2013. If the decisionis made to maintainthe new carpurchases
at50% AFVs after 1998, then the curvesfor in servicesvehicleswill leveloff at50% alternatively fueled
carsand busesby about2005 and 2010 respectively.

Figure 2 showsgasolineand dieselfuel useas a functionof time for the scenarioin Figure 1, where
milesper gallon andmiles per vehicleare heldconstant. At present,the total for ali fuels equalsthe total
for gasolineand diesel, becauseno alternativefuels are currentlyused. With time, gasolineand diesel
usefalls as alternativefuel userises, lt canbe seenthat by 1995, gasolineanddieselusehasfallen by

only about 5%, which is not consistentwith the 10% reduction goals of Section10 of Executive
Order 12759. To meet the 10% reductiongoal by 1995, the introductionof AFVs will have to be
accelerated,and/or the averagegasolineanddieseluseper vehiclewill haveto bereducedthroughbetter
mileage or fewer miles driven. Figure 3 showsthe annualfuel usefor a scenariowhere the 1995 goal
for fuel usereductionis met.

Becausecostis an importantfactor in determiningwhich fuel is mostsuitable,the annualincremer'tal
costswere calculatedfor eachalternative fuel. The resultsare plotted in Figure 3 for eachfuel. The
incrementalcost is the increasedcostfor the INEL fleet usingalternative fuel rather than gasolineor
diesel. Therefore, in Figure 4, eachcurve representsthe costpenaltyfor usingan alternativefuel. The
initial high peak at 1994 representsthe one-time cost to provide the infrastructure. Thereafter, the

' incrementalcostreflects the gradual introductionof AFVs. From the graph, it can beseenthat the cost
for the alcohol fuels andfor LPG tendto rise to a plateau. The highercostfor the alcoholsand for E85
versusM85 is primarily becauseof the higher costof fuel. Costsfor both naturalgasfuels reacha peak
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in about2004, andthen beginto decreasethrough the remainderof the time of the analysis. This rise
and then fall in cost for CNG and LNG vehicles reflects a trade-off between the cost of the vehicle and
the cost of operation. Initially the rate of increase in number of AFVs is greater, and the higher cost of
AFVs cot_paredwith GFVs, outweighsthe lesser cost of LNGor CNG. Eventually, the rate of increase
in numbers of AFVs falls, and the lower cost of fuel becomes dominant, so the total annual cost
approachesthat for gasoline. This is not true for the alcohol fuels, because the cost of fuel is much
higher.

A primary result desired from the analysis was a determinationof the incremental capital and
operatingcosts to implementthe fuel substitutionplan to meet the mandates. Incrementalcost is the cost
above and beyond the cost for the gasoline and diesel fueled fleet. There are two partsof the cost: a
one-timecost of the infrastructure,and the ongoing cost for purchaseof new vehicles andoperationof
the INEL fleet as a whole. The incrementalcosts for each alternative fuel is shown in Figure4.
However, as mentioned above, there is a potential range of costs for each fuel type. An example is
shown in Figure 5, where the maximum(most pessimistic)and minimum(most optimistic) incremental
costs areplotted with the nominalcosts for LNG. Althoughnot shown for purposeof clarity, the curves
for the other fuels show similar ranges. Indeed, the rangefor gasoline and diesel fueled vehicles shows
a significant errorband of $3.4 million, which is also unlikely to be that large, lt is apparent that the
potential error band is large enough to encompass the nominal curves for ali the fuels as shown in
Figure 4o However, it is unlikely that the uncertaintiesof ali the input variables that affect cost will
coincide in such a way as to createthe largeerrorband shown, lt is more likely that there will be some
pluses and some minuses that will tend to cancel each other out, therebymaking the trend in total cost
closer to the nominalvalue.

Figure 4 shows that the infrastructurecost, assumedto occur in 1993, ranges from about $600,000
for LNG to $2,600,000 for E85. lp :994, the first yearof implementation,the annualcosts are very
close at about $100,000 for ali the alternativefuels, because the numberof AFVs is small. By 1998,
when 50% of ali new vehicles are to be alternatively fueled, the incrementalannualcost ranges from
about$250,000 for LPG to $600,000 for E85. At the end of the 20 yearanalysis period, the range has
widenedfrom nearzero for LNG to $1,500,000 for E85.

As another comparison,Table2 shows the averagecost permile calculatedby the model for each fuel
type. Includedin the cost permile arethe annualizedvehicle purchaseprice, fuel, maintenance,training,
etc. These costs againshow E85 to have the highest cost for ali vehicle types with M85 being second
highest. There is little differenceamong the remainingfuels.

Table 2. Cost per Mile Comparison

Gasoline
Vehicle Diesel CNG LNG LPG E85 M85

Type ($) ($) ($) ($) ($) ($)

Cars 0.12 0.15 0.14 0.16 0.19 0.18
Midsize 0.26 0.27 0.25 0.30 0.39 0.34
Buses 0.72 0.73 0.72 0.71 0.83 0.77
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Table3 shows the cumulativepresentcost for each alternativefuel as comparedwith gasoline/diesel
for the entire 20 yearperiod assumingan 8% discount rate. The cumulativepresent cost is the amount
of money that would have to be set aside in 1992 to cover ali the expected costs for the next 20 years.

• The 8% discountrate is the assumeddifferencebetweenthe primeannualinterestrateandthe annualrate
of inflation. Cumulativepresentcost (or cumulativepresentvalue) is oftenused to choose among long-
terminvestments. In this case, the lowest cumulativepresentcost is LPG, because it has the lowest costs

• in the early years. However,LNGhas nearlyas low a cumulativepresentcost as LPG, with CNG being
only slightlyhigher.

Table 3. CumulativePresentCost ComparisonversusGasoline/Diesel, 20 Years at 8%

Fuel Type CumulativePresentCost
(Million$)

CNG 4.68
LNG 3.81
LPG 3.68
E85 10.99
M85 7.38
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CONCLUSIONS

Regardlessof the resultspresentedabove,it mustbeunderstoodthattheprimarydrivingforcebehind
implementationof AFVs will be legislation and regulations. Therefore,even thoughthe results indicate
that any alternativefuel will incura cost penalty compared with gasolineor diesel, that penalty will have
to be paid to comply with the goals.

This studyshowed thatLNG, CNG, andLPG appearto have the lowest cost penalty for the INEL
fleet. However, because the INELhashadpoorexperiencewith LPG in past tests, and LPG will likely
have limitedavailabilityover the long term, LPGis notrecommendedasa long-term solution. Therefore
a naturalgas fuel will likely be the alternativefuel of choice. The alternativefuel with the lowest cost
penaltyand with sufficientlong-term fuel availabilityis LNG. Becausethe technologyfor CNG is more
advanced than for LNG, the first AFVs should probablybe CNG with conversion to LNG as the
technologybecomes developed.
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Appendix A

• Detailed Model Description

High-leveldiagram
a

FigureA1 is a highlevel representationof the modelfor the INELalternativefuel vehicle(AFV)
implementationprocess. It is the basisfor the detailedmodelthatwas implementedwith the I-thinkTM

tool. lt consistsof a set of variableswhichinteractwith eachotherto forma set of closed loops. An
arrowbetweentwo variablesindicatesacauseandeffectrelationshipbetweenthevariables.An arrow
with an"s"meansthat theaffectedvariablechanges in the samedirectionas the causevariable.(as the
causevariableincreasesthe affectedvariableincreases,andas the causevariabledecreasesthe affected
variabledecreases)An arrowwith a "o" symbolmeansthe affectedvariablechangesin theopposite
directionas the causevariable. If a loophas ali %"arrowsor an evennumberof "o" arrows,it is a
regeneratingloop(orapositivefeedbackloop). Inthiskindof loop,alithevariablesincreasecontinually
once ithasstartedincreasing,or alithe variablesdecreasecontinuallyonceit hasstarteddecreasing.If
a loophasanoddnumberof "o" arrowsit is abalancingloop(or anegativefeedbackloop). Thiskind
of looptendsto be stable.

Thelefthalf of FigureA1is a set of balancingloopswhichkeepsthefleet sizeequalto the demand
(demandis definedas the numberof vehiclesneededin the fleet). Thefleet size is the sum of the
numberof AFVsandthenumberof gasoline/dieselvehicles(ODVs). Thenumberof AFVsis initially
zero. As vehicles areretiredor as the demandchanges,new vehiclesare purchasedto matchthe
demand_An increaseor decreasein the numberof vehiclesof eachtypewill causea corresponding
increaseor decreasein the numberof vehiclesretiredaftera delayequalto thetimethe vehiclesare in
service. The typeof the newvehiclesis determinedby federaldirectiveand the customeracceptance
gap. Inthe absenceof a federaldirective,the customeracceptancegapwillcausethe newvehiclesto
be thetypewiththe highestacceptancelevel,whichis initiallyGDVs. TheFederaldirectiveis aninput
to the modeland is a fraction(a numberbetween0 and 1)of the newvehicleswhichareplannedto be
AFVtype. TheAFVfractionincreasesduringthe first6 years,becoming0.5 by 1998.

Thecustomeracceptancegapis the differencebetweenthe AFVcustomeracceptancelevel andthe
GDV customeracceptancelevel. The AFV customeracceptancevariableis an index whichis a
compositeof alithe attributesof the AFVvehicles. If theattributesarenormalizedto thegasoline/diesel
standard,thentheAFVacceptanceindexequalto 1impliesanequallevelof acceptance.Thesimulation
modelsthe customeracceptancelevel asa normalizedfunctionof reliability,safety,andqualityrelative
to the gasoline/dieselstandard. The cost-per-milecomponentof customeracceptanceis modeledby
calculatingthe totalcost per mile per yearusingthe appropriatecost inputs. The fuel availability
componentis modeledwith a delayfor infrastructureconstructionandby the cost of the infrastructure.
The emissionscomponentis modeledassumingthat the federalemissionsstandardswill be met by the
yearspecifiedby the standard.

Thelistof potentialleveragepointsisthe setof actionswhichcanbetakentomovethesystemtoward
• the desiredresults.In this case, the desiredresultis assumedto be a fleetof AFVs.
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I-think TM model implementation

The l-thinkTM simulation contains separate models for cars, midsize vehicles, and buses to allow for
• differences in the value of the variables, but the structures of ali the models are identical. The model,

includes six basic vehicle types:

• * Gasoline cars.
• Gasoline midsize vehicles.
• Diesel buses.

• Alternatively fueled cars.
• Alternatively fueled midsize vehicles.
• Alternatively fueled buses.

To compare the different alternative fuels, the appropriate input variables can be modified. The basic
unit of time for the model is one year and it is setup to cover a period of 20 years from the base year,
which for this analysis is 1993. Any of the variables for the model are easily plotted over time or can
be placed into a spreadsheet for further analysis. The diagrams and equations in Appendix 2 contain the
complete model for a single alternative fuel.

Control Panels. l-think TM control panels are created to contain ali the required input variables to the
model. Each variable is documented within the model and can be easily changed as needed for different
scenarios.

Vehicle Flow Model. The vehicle flow model contains sectors tiffed: "cars", "buses", and "midsize
vehicles". The model assumes that a given vehicle type is in service for a fixed length of time. The cars
sector, bus sector, and midsize vehicle sector have separate and identical vehicle flow models. The
demand for each vehicle type is currently a constant and is set to the 1991 values, because that is the
reference year for the fuel reduction goals. The vehicle flow model assumes that conversions from
gasoline/diesel to alternative fuel vehicles is only done with new gasoline/diesel vehicles. The
gasoline/diesel vehicles in service is initially set to the demand, and the number of alternate vehicles in
service in initially set to zero. The vehicles flow into service with new purchases, and conversions. The
vehicles flow out of service when it is past the fixed age limit. The age distribution of gasoline/diesel
vehicles is assumed to be uniform initially.

Cost Flow Model. Cost is modeled in the sectors titled: "car cost", "bus cost", "midsize vehicle cost",
and "totals". The cost flow model is a year by year summation of ali known costs. Cumulative cost is
calculated and the cumulative present cost is calculated. Cumulative present cost shows the effects of
inflation and the time value of money by applying an annual discount rate (currently set at 8%) to cost
flow. Ali costs are in 1991 dollars. The annual maintenance cost includes ali recurring costs such as,
preventive maintenance, repairs, and insurance. The total costs are also calculated in terms of capital
costs and operating costs.

Introduction Process Model. The alternative fuel vehicle introduction process is modeled in the sectors
titled "air fuel bus introduction process", "alt fuel car introduction process", "alt fuel midsize intro
process", and "startup". These sectors provide feedback from the customer acceptance sectors to the
vehicle flow sectors. The inputs to these sectors are: (a) the introduction plan, (b) the conversion plan,
(c) the infrastructure delay, and (d) the customer acceptance index. The model sets an acceptance
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thresholdwhich is a function of the numberof alternativelyfueled vehicles in service. The model
assumesthat the introductionplan will be followed initially no matterwhat the acceptancelevel is, but
as the numberof alternatively fueled vehicles in service increases, the acceptancethreshold increases.
The infrastructuredelay causes the introductionplan to be delayed.

Customer Acceptance Model. Thecustomeracceptancemodelconsistsof threesectorsassociated
with cars, midsize vehicles, and buses, respectively. Inputs to the model are the expected reliability,
safety, and quality indexesfor eachof the three vehicles types. These inputvaluesare normalizedto the
currentgasoline/diesel vehicle attributes. For example, if the reliabilityof the alternatively fueled car
is 10% higherthan gasoline cars, the reliabilityinputvariable wouldbe "1.1". The effectsof improving
technology can be modeled by makingthese numbersa function of time. The time it takes for people
to adjustto somethingnew is modeledwith an exponentialsmoothing functionusing "peopleadjustment
time".

Emissions and Fuel Flow Model. Atmosphericemissionsaremodeledineachof thethreeemissions
sectors.Thereisonesectorfor eachof thethreepollutantsaddressedby the federalvehiclesemissions
standards:nitrogenoxides(NO,), carbonmonoxide(CO),andnonmethanehydrocarbons(NMHC). Fuel
flow isdeterminedfromthe totalmilesdrivenbyeachvehicletypeanditsrespectivemileage.ForM85
andE85, the fuel flow modelaccountsfor the 15%gasolineinthefuel. The amountof fuel usedeach
yearby eachtype of vehiclesis calculated,andthen the total emissionsis calculatedbasedon the
expectedemissionspergallonof fuel for eachvehicletype.

A-3



° Appendix B

Model Diagrams & Equations
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ALI" bue Cuetomer ooeeptanoe
[-- perceivedbus_quallty(t) = percaived_bus_quality(t - dr) + (change_inbusquality_perception) " dt

INIT perceived bus_quality = 1
INFLOWS:

4,_ change in bus quelity_perceplion = IF(ALT_buNs_ln_sarvica = O) THEN(0)
ELSE((bus quelity_record • perceived_bus_quality) /peol_e_adjustmenl_time)

percelved_bus_rellabiltty(t) = perceived bus_reliability(t - di) + (chmnge In bus nlllab_perceptton) " dt
INIT perceived_bus reliability m 1
INFLOWS:

4,8¢ chlnge__ bus reltlb_p•rceplion = IF(ALT buses_in_servlce • O) THEN(0)
ELSE((bus_relilblilty_record . perceivedbusreliability) /people_sdjuetmenLtime)

" I'-" percelvedbus_safety(t) ,, percatve<l~bus_salety(t - dt) + (change_in bus_safety_percept•on) " (:lt
INIT percalved_bu_, safety • 1
INFLOWS:

4_ ch•nge_tn_bus_eMety_perceptlon . IF(ALT_busas_tn sarvice • O) THEN(0)
ELSE((bus_s-,fety_record - perceived_bus_saM•y) /people edjustment I_ne)

,, (_ bus_cult•inor_acceptance_Index • (porcoivod_busquslity+porcoived_bus_safety+perceived_bus_relllblUty)13

O bu,,.qullity_rocord • I
DOCUMENT: This is lte alternate luel bus quality record. Ii is • measuro of lhc vehide quaWtysttdb_es •hat anl not either reliability or safety, lt Indudes such Ilhlngsas vehido power, lime to Rti lhc tank, etc I! can
be a function of time. and is a normalized numper •list•re to tie quality of the traditional fuel vehldes, A number greater Ihan one means it ii; higher quality I'mn ••ld•li•nel fuel vehicles

(_ busreliabllity_record • I
DOCUMENT: This is lhe mlalive eltorrmto _ bus reliablilty. I! is • nun,d_r re!alive to traditional fuel bus reliability. A number greater _w'_ one means the Ctemate fuel bus is more reliable Itmn the traditional fuel
bus.

C) bus_safetyrecord • 1
DOCUMENT: This II _ el••mate lusl bus safety re••td. I! canbe • Iu•ct•on of time. and ii • non'r_dized numberreldve Lolh• safety of lh• trod•ii•nel fuel buses. -, number 9m•ter t_n one means it li roomsafe than
•radii••nel fuel bum

ALT e_r Cuetomer ueeptsnoe

perceived car_quality(I) • perce|ved car_quail•y(( - di) + (change ln_car._quality_percep_on) _ d!
INIT percelved_car_quellty • 1
INFLOWS:

4_ change_lh ¢•r_quslity..percapUon • IF(ALT_c•nl_lh_lervlca >O) THEN((Cer qu•llity_record •
porcalvod_clr_qumlity) /po•pie_ld•us tru•ni_time)

ELSE(0)
['-" percelved_csr_rell•blllty(t) • percelvod_cer_rellmbillty(t • di) + (chanso_ln_c•r_relilb_porcaption) " di

INIT porcelvod car rotimldlity : t
INFLOWS:

_,_ change In_car_reliab_porcaptlon ,, IF(AL: care In sarvico >0) THEN((cIr rellabllity..record -
porcoived omr_reliability) /people •d_Jllhlert|_tlm4 )

ELSE(O)
I"- perceived_car safety(t) • pe•eived_car_sal•ty(t - dr) + (change_in car_salety_percaplion) • di

INIT percaived_csr_satt, ty • 1
INFLOWS:

4_ ch•ng•_tn_car_•Mety_percapUon • IF(ALT_clre_In_sarvtce >o) THEN((c•r safety_re•oral -
perce|ved_clr sal•ty )/peopt•_edjuldment lime)

ELSE(0)
(_ car •ustomer_•ccapl_lndex • (p•rcoived car_quality +percelved.c•r s•tety +percehted_cmr_rell•biiity) / 3

(_ cer_qu=tlity re••td : 1
DOCUMENT: TI_s is I'_ el••mate luel car quldlty record II II • mealuce oi the vehicle quality attributesUlal are not el•hef nlli•btilty or safety. II tndudes sudl things ii wd_id• pow•r, lime to M _ tank, etc. lt can
1=4• h.ln¢tlonof lime, and II • normalized _r re•live to lhc quality o! the trlldltionai k_d vehicl•l, A number greater lh•n one me•ns II ii higher qu4dttylhan •radii•rod fuel vehicles.

(_ cer_mli•btltty_t•cord • I
DOCUMENT: Tht• is lh• •item•to fuel car reliabl_ly, lt can b• • lunotlon oi lime, w_l is • nonnelizod number relotlv• to lh• rdab_ty of lh• traditlo_il _ vehld•s. Reliab_ty greater I'm• one means tl is more
mM•bi• lhlm lr•diii•nel luel vehtdes.

cer_sak)ty record = 1
DOCUMENT: TNs II lh• -Jt•mate _ car safety record, lt can be • lunclon of Ikrne, and is • normalized number mlmtiveto lh• safety of lte trl_ltionel luei vehicles • numbergrsater _ one means it Is Inor• _l• Ihan
traction 'u kJel vehicles,

(_ peopkp •d_ualmen|_B_e • 3
OOCUMENT: This I• t_e lime in years tor peeple to •clNst to • n_v vehicle type. it i8 used to do lm expommti•l wnoolt_ of •clu_ vernon perc_ved reliability, safely and Quellty.

ALT mldslze vehicle Cuetemw •oeeptanee
r'- perceived mldsz_quality(I)., percelved_mldez_qu,,lity(! - dr) . (ch•nge_ln_n'ddsz_qu•lity_perception) ° (:lt

INIT percelved_mldsz_quldlty • 1
INR.OWS:

4,_ ch•nge In mKMz_qual_ty_per¢_obon • iF(ALT_rnldslzo_ln ••rv|co : O) THEN(0)
ELSE((mldsz_qualtty record • perceived midsz_quallty) /pe•pl•adjustment•lm•)

percaived_mldsz_roliabtllty(t) • perceived rffidsz reltobility(t • dr) + (ch•nge if1 nltdsz_reilab..plrceptiort) • di
INIT percetved~mtdsz nllimblllty • 1
INFLOWS:

change In mdidsz_reliab_percoplion - IF(ALT .mldsize_ln_sarvtce • 0) THEN(0)
ELSE((Mldsz_relt•bility_record • percelved_mldsz reliability) /pe•pie adjustment time)

perceNed_midsz_saMty(t) • percoived nldsz_salety(t - dr) . (change_tn_mtdsz_sefety_perception) 'dt
INIT perceived_ndd-,z_safety • I
INFLOWS:

m•nge_ln_mldlZ_safety..porcepllm : iF(ALT_mldttze In_sarvlca • O) THEN(0)
ELSE((rmdsz_saMty_mcord • porcelvod_rntdlz_salety) /peopte_•djuatment_bme)

(_ n_dsz_Customer_•coept index • (p_r¢ei`ved-m|dsz-qu_d_ty.H)ercaiv_d-mids_-saf•_y.p_rceived-m_d_z-r_li•bility)/3

(_ _dsz_quslity_rtcoRI - 1
DOCUMENT: TN• II lh• Mt•mate lu_ mid•z• v•hid• qu_ily record. II ii • me•lure of lh• vohid• quality •ndbutel Ifmt •re not otlher reliability or safety. II kldudel luch Ird_ ns vehld• power, tim4 to BJ •he tank,
etc. II can be • halcyon of lime, and is • nomlalized numberre•st•v• to lte quality of the tr•di•lo•el luel vetddsa. A number_sater Ihan •ct• ro•Ins ii II higher quellty lh•n tr•diii•nal luel vet_des.

(_) Midsz_reltabliity_re¢ord m I
DOCUMENT: TNs ts _ mldelze vend• •Iter•ate h_d re_lbllUy ml•live to lh• trld_lional Iuel vohido of the seine type, A number greater man one means lh• alternate lual vehicle is more reliable than lh• rad•li•nal
luai vohlct•

• O md•z ulety_r_:ord •
DOCUMENT: TNS II Iho ld•era•to luel rnlds_zovend• •ably m¢_n:l. Ii can b• 8 fundlon of lime, lind is • norrn_zed numberrel|_o to lh• salety of I_e tr•di•lo•sl _ veNdos. • number gin•tor I'_n one ro•ims tt is
more safe than tmdition-'l _ vehides.

• ALT fuol eer •ntr•duo•Ion preen•

(_ ALT_car_buy_ffacUon • IF(car_¢ustomer_eo•ept_index) >= cer accapt_l_'ve•hold THEN
(delayed_ca r buy_pl_n)

ELSE(O)

(_ ALT car_bw.J)l•n • ALT_care_lntro..p4sn "(1 -c•r conven, on_phm)

(_ ALT_cor_fraction • ALT_cem_In_sarvlce Icam in_service

(_ cer_converldon~Ir•ction . IF(car_oultomer_•ccept_lnd•x) >• car_accept lhre,sho|d THEN
(dollyed car_cony. •lanl

ELSE(O)
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(_ car_conversion_plan x 0
DOCUMENT: This determinesIhe number of cars g'mt are conve_led horn gasoline to adtemate fuel vehlcles each year.
II is a fracllon of alternate fuel cars placed into service each year, _at are planned to be converted tam gasoline cars. II this le a lime varying function, time Is relative to the date _o InfrastnJctUmis in place.

C) car_conve01 Iract_.olan : car_conversion_plan *ALT_cars entre plan

(_ delayed_car_bw_.pian • OELAY(ALT cer_buy_plan,infrestnJcture_delay,0)

C) delayed_car_conv..plan : OELAY(car_¢onvefl fract_plan,tnfrastructure_dalay,o)

ALT_cars_lnVo_plan = GRAPH(TIME)
(1993, 0.1), (1994, 0.15), (199S, 0.2), (1996, 0,2S), (1997, 0.33), (1998, 0,5), (1999, 0.67), (2000, 0,84), (2001, 1.00)o (2002, 1.00), (2003, 1.00), (2004, 1,00), (2005, 1.00), (2006, 1.00),
(2007. 1.00), (2008, 1.00), (2009, 1.00), (2010, 1.00). (2011, 1,00), (2012, 1.00), (2013, 1.00)
DOCUMENT: This is _ kaclion (between 0 end 1) oi lhc purchased new cars that are phmned to be alternate fuel cars each year, If _ie is i time varying function li is relative to the lime that _ infmsinJctUmis in
piece.

This fraction cielemines b*',etotal number oi alternate fuel cars placed in service each year, lt Includes new alternate fuel cam and cofwertod cars. "

car acoept_thmshold = GFLAPH(ALT_car_lnlction)
(0.00. 0.5), (0.1, 0.72), (0.2, 0.9), (0,3, 0.0), (0.4, 0,9), (0,S, 0.9), (0.0, 0.9), (0.7, 0.9), (0.0, 0.0), (0.9. 0,9), (1, 0.9)

ALT fuel bus introduotion prooeee
C) ALT bus_buy_fraction : IF(bus_customer..ecc¢ctanca Index) >= bus_accept_threshold THEN

(delayed Ix__bw..plon )
ELSE(0)

C_ ALT_bus_buy...plan • ALT_l_Js_inlro_plsr0 "(1 - bue_converslofl plan)

(_ ALT_bus fraction • ALT_buses_in_amrviceAx_ses_ln_esrvtca

C_ bus_oonvemlon_fmclion • IF(bus_customer.acceptance_Index) >• bua_acoept__roshold THEN
(delayed_bus_conv..plan)

ELSE(0)

C) bulconvemon..plan • 0
OOCUMENT: This daton'nlnesthe number of buses Ihst am conve_KI fromdiesel to idtemate hJelvehldes asch year.
II is the fraction ol eltemato fuel buses placed into seMca each yesr, tmr ere planned to be convefled from diesel buses. Ii thle le a lh_nevalying lunctlon, lime is relalive to the date _ inlrsslructurs is in place,

(_ bus_convert lract_plan • ALT bue_Intro_plan *bus_convemion plan
(_ delayed_bus_bW_plan = DELAY(ALT_bus_buy_plan,infraatnJclum_delay.0)

(_ delayed bus_conv_plan • DELAY(bus convert_fract_plen,lnfrastructure delay,0)

ALT_bus_intro..plan • GRAPH(TIME)
(1993. 0.1), (10_, 0.10), (1900, 0.2), (1090, 0.25). (1907, 0.33), (109s, o.s), (1909, 0.67), (2000, 0.04), (2001, 1.00), (2002, 1.00). (2003, 1.00), (2004, 1.00), (2005, 1.00), (2006, 1.00),
(2007, 1.00), (2008, 1.00), (2009, 1,00). (2010, 1.00), (2011, 1.00), (2012, 1.00), (2013, 1,00)
DOCUMENT: This is Ihe frsciion (between zea and one) of lte purchased new buses Ihat are planned to be alternate fuel buses each year. If lids is a time van/ing functionit is mlsl|ve to _e lime Ihat Utetnfrastmclura
la in place.

11Vahaclion de_nnines Ihe to_ number of Idtemeto fuel buses pieced in esfvlce each year. lt indudes new idtemeto iuel I_ses and convertedbuses.

(_ bus_accept_threshold • GRAPH(ALT_bus_frtclion)
(0.00, 0.S), (0.1, 0,72), (0.2, 0,9), (0.3, 0,9), (0.4, 0.9), (0.5, 0,9), (0.6, 0.9), (0,7, 0.9), (0.8, 0.g), (0.9. 0,9), (1, 0.9)

ALT fuel mldelze entre proooee
C_ ALT-mldsz-bw-frscli°n = IF(rnldsz cuelomer_accept_lndex) >• rnJdsz_eccepL.U'lmsholdTHEN

(_ayed_mOd-z_buy__an)
ELSE(0)

C_ ALT_rrddsz_buy_plan : ALT_mldslze leVo_plan "(I -mldsze_conver_olen)

(_ ALT_n'ddsz_freclofl • ALT_nddelzo_ln_esndce /midas in_esrvico

(_ delayed_mldsz bw_plan • DELAY(ALT_mtcbz_bw_ptan,lnfrastn4clurs_deley,0)

C) delayed_mtclsz_conv_plen • DELAY(midsz_conv_fract..plnn,ln/rastructure_delay00)

(_ nVdsze_conver_pian • 0
OOCUMENT: This dato_ Ihe number of midelze vehicles Ihat am converted tem gasoline to Idtemete luel vehldea each year.
lt is a fractionof eltermUe luel mtdelze voficles placed into service each year, Itmt era planned to be convelled from gasoline vehicles. II Ibisle i lime varying func#on, lime is relative to Itle dite Ihe _lfralblJclure is
inpiao_.

(_ mldsz_convers_lraclion • IF(mldsz_customer accepLtndex) >• mldez_accept_ihmshold THEN
(daleyed midez.conv_plan)

ELSE(0)

(_ mldez_conv_lract..plan = midsze conver..pian "ALT_mtdetze_lntrO_Dlen
ALT_mldelze_Inlro_plan . GRAPH(TIME)
(1993, 0.1), (1994, 0.15). (1005, 0.2), (1900, 0.25), (1997, 0.33), (1998, o.s), (1999, 0.67), (2000, 0.84), (2001, 1.00), (2002, 1.00), (2003, 1.00). (2004, 1.00), (2005, 1.00), (2006, 1.00),
(2007, 1.00), (2008, 1.00), (2009, 1.00), (2010, 1.00), (2011, 1.00), (2012, 1,00), (2013, 1.00)
DOCUMENT: This is Ihe fraclion (between 0 and 1) of I'm purchased new n_daize vehicles Itiat am planned to be alternate fuel vehldes eachyear. II Ihls la s lime varying luncli_ ii Is relative to Ihe lime Ihat
tn&astnJCtUmis in place.

This fraclion deto_ Ihe Iota/rullber of alternate luel mldstza vehdiea placed in selvlce each year. lt Includes new alternate h,lel vehiclesand converted vehldes.

(_ mtdsz_eccopt_tt_rachold • GRAPH(ALT_mk:lsz_fraclion)
(0.00, 0.5), (0.1, 0,72), (0.2, 0.9), (0.3, 0.9), (0,4. 0.9), (0,S, 0.9), (0.6, 0.0), (0,7, 0.9)° (0.9, 0.9), (0,9, 0.9), (1, 0.9)

Bus east seater

_-" Gum_bus_cost(l) • Gum_buo_coeh(t •dt) + (__ccal liow) •dt
INIT Cum_lxn cost • 0
INFLOWS:

"_ bus_cost_flow • bue_capitel +B4,mobersUon
DOCUMENT: cost le kl S.

(_ ALT bus_av_mt_ • S
DOCUMENT: Average ndieage in relies per eClUNad4mlgldion (equlv'Uer_ to diesel Oell(xw in eneqw content)
for alternate fuel bum

(_ ALT_bum_mainl ccat_pr_yr ,, 2S00
DOCUMENT: Average cost of main per year for an altomake _ bue in $'s. "IT,s Indudee idl types of reoumngyoady costs.

C) ALT_bus_opemben • ALT_buses_ln_servtce'ALT_bua meant cost_pr_yr
+ ALT_buses_ln_eervice "(ALT_pdca )'mi|ea..p • r_bus_Dr_yrlALT_bus_a v_nq)0

(_ bus_capltal • new_bus_cost .0.bus_conversion cost -bua_rscoven/

(_ buS conversion_cost • ©cnvers_oost_per_bus'Bua_converstont_

C_ be# cost_pr_ml • bus_coet_llow / (miiea..per_bus_pr_yr • buses_in service)

C) Bus_operaUon • ALT_l_Js_opemllon +desel operelJon

C) bus_reooven/ • value_of_oid_ALT_bue'retirs_ALT_buess ,t.velue_of_oKl_dlesei_bue'mlim_cNesel balsa

(_ conven;_cost_per_bus • 3SO00
DOCUMENT: The ONI In deihlrs 1o oonve_1a dleesl hue to an '_Umem _ bus.

(_ diesei_bus_maint_coet_pr_yr • 4200
DOCUMENT'. Avenlga _t of main( per year for • diesel bus in S'e. This Indudes ell types of mcuntng yaa_ coals.

C_ diesel_bus_mpg ,, 9
DOCUMENT: Avemga nVieage in milesper 0ellen.
for diesel buess

(_ dieesl_operaUon • Die•el buees_in_eerv;¢e'd_esel_bus_malnt coat pr yr
• D(eaet_buees_ln sarvlca'((Olesei_pd ce)'mlles_per_bus pr_y rldieeel_bus_mpg)
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(_ Oiosel..prlce • 1,3411
DOCUMENT: pdcaof dleeal _ in $ per gallon.

(_ mile|_per_bue_pr_yr • 42000
DOCUMENT: Averagenumber of mileslouses travel per year

C_ new_ALT_bus_pdce = 300000
DOCUMENT: Pdoe of a new alternate fuel bus in $'!;.

C_ new_bus_cost • now_ALT_busea'new_ALT bus_pltce + new_diesei_bus.pdce'New_dialel_buses_ln_serv

(_ new_dlesel_b,Js_pdce • 225000
DOCUMENT: Pdca of • new diesel Ixm In S's.

C_ velue_of_oid_ALT bus - 10000
DOCUMENT: The average pdce in doilem _ved for old rtlired Alternate fuel buses.

(_ velue_of_old_dteaeLbue _, 10000
DOCUMENT: 11_eaverage pdca In dMlam received forold retired diesel buses,

Bue nator

ALT_buses_ln_selvlca{t) • ALT_buses..in_aervtce{! . _) + (now_AL.T buses + bus conversions - retlre_ALT_buses) • dt
INIT ALT_txasse_in_servtc:e• 0
TRANSIT TIME : 13
ENTRANCE CAPACITY - -
H:t.OWS:

'_ new_ALT_busea • ALT_bus_buy_fmclion "new_lxlses

=80 Ixm_cotwarslons = bus_convendon_lraclon "newbuses
OUTRDWS:

,_ mim_ALT_bus_ • CONVEYOR OUTFLOW

_m_ Dteeel_bucaa_ln_aervice{t) : Diesel busea_ln_earvlca(t .dt) + (New_diesel.buses in_aarr • retire_diesel, louses) • dt
INIT Dieselbuns_in_service • 10
TRAN_T TIME • 13
ENTRANCE CAPACITY • 1000
DOCUMENT: This model i.mumu that each vehicle la in aendca mAxed amount of time (eremiteImo in years). The initial value specified Is tl4 r_mper of va!dales in aofvlca for each of the slats in lte conveyor, Tl'_! Is,
lhc to!ai Iniliel rmmber.in-servlco le the epedlled tr:llnl number rnullll_ed by ine transit lime,

INFLOWS:

"80 New_dleeal_tyule8 in_selv n new_dleselbuses -bue_converldons

=8o relm_dleml_Ixm_• CONVEYOR OUTFI.OW

O IxJcas_in_setvlce • Dieaet_busea_in_eendca +ALT buselJn selvlce

0 buses_mired • reilre_dlseel_buselk_.rolre ALT_buNI
O clemand_for_bulea = 1_0

DOCUMENT: 11"le_r of bueeaneeded by UNDleaL HQiadlyeuum4d tobe conslant al 1991 leve_s.

0 new busea • MAX((dernand_for_buses -I_sea_in_sendco .Poueea_mUmd), 0)

O new_dteaei_buses• new busea -new ALT_t_sea

Car Coil leelor

• Cure car_cos!(1) • Cum_cat..coel(l • dl). (car_coeLllow) •dl
INIT _ car cosl ,+ 0
iNFLOWS;

"_ car coal_new • mr capital 4-cir..operation
DOCUMENT: cost le in $,

(_ ALT.car_mmlnt co|l_pr_yr • 12e
OOCUMENT: Average COalof malnl per year for an ellemale kiel car in S's. TNa Indudee an lypee oi reaJnino yoaelycosts.

0 ALT car_mpg . 27
DOCUMENT: Average mileagein nVlesper gak_.
for allernalo fuelCim.

C) ALT car_operation • ALT_cars.in servica'ALT_car meant cost_pr_yr
. ALT cam_in nrvica'(ALT_prtce)'rniles_per_cer_pr yr/ALT_¢ar mpg

O ALT new_cor_lPdca • 14000
DOCUMENT: Pdca of • new alternate kiel carin $'s,

0 ALT..odce • ,02
DOCUMENT: pdca of Iho eltomaM _e_ in $ per equlvM_l gallon (eq_vaJant lo
a gallon of geeoMnein terms of ene_/)

(_ car capital • car_convention cost ,mew car_cost .car recovery

(_ car_conversion cost • convere coM.,.per car'car_convemtons

(_ car cost_pr mt • car_coat_flow / (miles_per_car..pr_yr • cam_in_service)

0 car_operation • AkT_car..operelion +gla_car_oper

0 car.recovery • va/ue_ot_otd ALT_car'm_m_ALT_ca: +VllUe_ol_o}d gas.car'rllro_gls_cam

0 convers cosl...per_car • 1500
OOCUMENT: 111ecoal in dealersto conve_ s getmMnecar to an alternate rue1car.

0 ges car_mliN_cosl_pr_yr • 142
DOCUMENT: Average coal of malnl per year for • gasoline car in S's. TNs Indupes Iit types of recuning yearly costs,

0 Gas.cat_n11_ • 30
OOCUMENT: Average nV(eageIn nVlesper Oidlon.
br gasoline cam.

0 ges_csr_oper • GuoMne_care_ln_cafvlce'gms_cer_meint_coet_pr_yr
+Gaeoflne_ cars_ln_servlce'((gll_prlce)'ndlee_per_car_pr_yr/Ges_cer_mpg)

" 0 ges_pd_ • 1.111
DOGUMENT: pdca of gee_ne in $ ber geMon.

0 milas_per.car_pt_yr • 17300
DOCUMENT: Average _r of rules car blVelS per year

0 new_car_coli • new_ALT_cam'ALT_new_car_pdca + new_gas_car_pflca'New..gu cars

0 new gee car_price ,, aO00
DOCUMENT: Pdco ot i new 9asoilne car in Irs.

(_ value oLoid_ALT_car • 500
DOCUMENT: "(heaverage pdca in dolislz n_eived for olcf rolled Alternate _ cam.
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(_ value_of_old ges_car • 1000
DOCUMENT: The sversge pd_e in doUsm mcelved for old relmd gaso(tm)cars,

ears seotor

_]_ ALT_cars_ln_service(t) = ALT_cars_tn_sefvtco(t - cn) + (new_ALT cars + car_conversion- - roIirs_ALT cir•) • dt
INIT ALT_cars_ln_eeNIca • 0
TRANSIT TIME, 7
ENTRANCE CAPACITY = -
INFLOWS:

"_ new_ALT_csm = New_cam "ALT csr_bW_fmc_on

,,_ car.convemtons = car.convemlon frscbon 'New cars
_: •

mlrs_ALT__m = CONVEYOR OUTFLOW
U]]_ Gssoflne_r.,am_in_carv|clgt) = GssoMne_cars_tn ssivIce(t • (:lt) . (New_gas_cars_lnseNIcs - rellrs _ls_csrs) " dt

INIT GssoMne cars_in seNSes • 22
TRANSIT TiME , 7
ENTRANCE CAPACITY = 1000
DOCUMENT: "Ibismodel assumes that each vehicle is In sendca a bed amount of time (tranS! mimein years). The Initial value e0edfied is ins mJ_.",er of vet/des in so,rica for osm of _ slots in t_ conveyor. That is,
lie total iniill numbel.in.servica ts the q)edlsd Inilisl number mullipiiod by lhc Ims•ii k_o.

INFLCMS:

,,_ New ges__rs_insendce = New.gee_cam -¢sr_convemons
OUTP,.ONS:

,,80 relm..gu_¢sm • CONVEYOR OUTFLOW
(_ cars_in_sendoi . GssoMne_©smJn_seNICe +ALT_cars+ln_sensico

cam_mtlred = reUre_g__cam+reUre_ALT_cam

(_ demand for rem • IS4
DOCUMENT: The nun/l_r of cam indemand for use in the leeL kdldy _ to be constant st 1991 levals

C) New_cam • MAX( (demsncl_lor_csrs .carl_in service .cars_retired), 0)

(_ New gas_cam ,= New_cars • new_ALT_cars

COZ Emissions

(_ ALT_bus CO2_emiss • ALT_bus_CO2_perj1.J'ALT bus fuel'ALT_bus_sv_mpg

C) ALT_bus_GO2_per_m_ • 34.5
DOCUMENT: Ceroon Dioxide emimtons in 0mmspsr mMs
For altemat, h_ buses.

(_ ALT csr_CO2_em_s • ALT car fuel Ilow'ALT_CaLCO2_por_mPALT car.mpg

(_ ALT car CO2..per.ml • 3.4
DOCUMENT: Cars(xi Dioxide Inllions in I_ pMmMo.
For alWmale luel cam.

ALT_GO2 emlealons • ALT_car_CO2_emlu .ALT Ixls GO2_smlss .,.ALT_n_deLGO2_emiSl

(_ ALT_mldsz_CO2_emlss • ALT_midlizo_mpg'ALT_mldsz_CO2_pr_rnl'ALT_n_dJze_luel Stow

C) ALT midsz_CO2..pr_mi • 4.4
DOCUMENT: Carbon Dioxide es/Miss• in grsms per mms.
For alternate luel mldalzovendee.

C) 01esel bus_CO2..per_mi • 1.2
0OCUMENT: Call_n OioxtdeemllalOnSin 9rsms per mlle.
F_ dk,,d Ixwel.

C) 01esel_GO2_omiss • Dieset_bus_CO2J)sLmi'Oiessl_iow'dilmel_lxJs mi_

C) Gssolirm_car_CO2..emiss • Gas_car_lueillow'Gas_car_CO2..per_mi'Gas_caLmpg

(_ G_mline_CO2_om_ss • Gu_mlcisz_CO2_emiss .,GuoMnt_caLCO2_lcnin

(_ Gss_car_CO2..per_mi • 1.7
0OCUMENT: Cad0onOioxldeemimlons in gnims psr mile.
ForG_,o,n._r..

(_ Gss_midsz_CO2_emiss • Gss_midsz_CO2_pr_rN'Gu_rnid_ze_mpg'Gos_mldsz_hMiilow

C) Gas mldsz_CO2.__n_ • .2
0OCUMENT: Corses Di_dde emissions in gramspsr mile.
For ga4mllnemideizs vehicles.

E) Total_..CO2 emissions • ALT CO2_enVlsions .GuoMne_CO2_emiss .01esel CO2_lmiu

Fuols oootor
(X3CUMENT:
NI tie allmmalm fuel is meuumd In eCFJVi_mt gallons. That is, an equivalenl oallo_1 hal lhe lame umounl oi energy as ii gallon of gasoline or di4Hmllual.

I--" AIT fuel(1) • AIT luel(l • dl) + (AIT car.hJel flow + AIT b4Js_luel .i. Al.T_mldslze_lual_now) •cll
INIT AL.T_klel = O
INFLOWS:

ALT_cer fuel llow • ALT_oars_+n.servlct°miloa..PaLcar_pr_yrlALT_car_mpg

"80 ALT_bus_Iuel • ALT buees_ln_selvlce'milss_per_bus_pr_yrlALT_bus_lv_mpg

,,_ ALT_mldeize_fuel_llow • ALT_midsizo_in_service'mties_pLyr_micisizs/ALT_mldsize mpg
E 01,_i(t)= Die_el(I• cit). (0*e_l now)• dt

INIT _ • 0
INR.OWS:

,,_ Sis•el_flow • OllSel_busel_ln_servlce'miles_por_bus_pr_yrlciiosel.bus_rnpg
[_ Guoline(l) • Gasoline(¿ - dt) . (Gas_car_lualilow + Gal_midsz_fuellow) •

INIT Gsm • 0
INFLOWS:

Gss_csr..hJelflow • GssoMne_csrs_In_servlce'rnt|es_por_car_pr..yffGss_csr_ml:,g

,,80 Gu mldsz_hJeiflow • midsizo_gas_in_servlce'mMss_pr_yr mldslzs/Gas_mldsize mpg

Midsllo vehicle Cost looter

ToUd_midsize cost(t) • Total mideizo_cost(I - di) + (mldalze_cosLflow) • dt
tNIT Total_mM/lo_colt • 0
N=..(TWS:

"_ mldalzt_COll_ll_l = mdsz_capital +rndsz.operlbo_
DOCUMENT: _oet is in 1.

C) ._.T_ml_s_mp0.to
IX)GUMENT: Avlml0e mMell_ inmMimper gallon( equi,,._tenl0allol_. olne enelw _ontenl ss a gallon of gasoline).
lot alWmalo _ mld_lze vehldeL
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(_ ALT_nddslz malnt_cost_.pr yr • 12Q
DOCUMENT: Average coal o! maineper year for an alternate _ midstze vehide in S's. This indudes ali types of reoJrdngysedy costs.

(_ ALT_midsz_oper . ALT_midllze_inearvlco'ALT_rntdldzmalntcost_pr_yr
. ALT_midllze_ln servlce'(ALT_prlce)'miles_pr_yr mldslze/ALT_mldslze_mpg

(_ ALT new_mldslze..pdce = 14000
DOCUMENT: Pdce of i new alternate fuel mldldze vehlde In $'s.

C) convert rnid|lze coal • 2000
DOCUMENT: "111ocost in dollars to convert a gasoline midstzevehicle to an alternate luel vehide

C) gsa mldolze_maint_cost_pr_yr • 20e
• OOCUMENT: Avers0e cost o! maineper year for a gasoline midltze vehtde in $'s. This includes ali types cl recurringyearly costs.

(_ Oas._._-?,,-_dze_ = 13
[X:Y,;U_,_,NT:Average mileage In mUeaper gallon.
|(,: _,,sollnO(;Ndalzevohldea.

• C) gaa.midsz_(,per • midetze_0sa in_service'gau_midsize_maint_cost_pr_.yr
.midalze_0as_ln_aervlce'((0ea_prtce)'mllea_pr_yr_mldslze/Gaa_midslze_mpg)

(_ male_capita1 • mldolze_convert_coet .new midsize cost .midslze recovery

(_ radix_operation • ALT_midsz_oper .Hiaa_nddsz_oper

(_ mldllze_convert_coat • ¢onvert_midstze_cosrM|dsz_converslons
(_ mldldze recovery ,, value_of old_ALT midldze'rettm_ALT_mNslze +velue_of_old_gas_mldsl:,e'reilra_gae mtdslze

(_ midaz_¢:ost..pr mi • rnidsIze_coat_flow / (milea_pr_yr_mtdstze • nddez_ln_|end©e)

C) milea_pr_yr_midslze • 10700
DOCUMENT: Avem0e numi_r of _ mldsizevehldea travel per year

(_ new_gas_mlduize_pdce = 12000
DOCUMENT: Pike of a new gasoline mid_ze vehlde In Irs.

(_ new mldsize coat • new ALT mldslze.ALT_new_mtdldze_pdce + new_ges_mldslze_pdce'New_gaa_midsize
(_ VldUe_of old_ALT_midstze • $00

DCCUMENT: The average pdce in dolhmmreceived for otd relimd Altemale luel rnid_ze vehldel.

C) velue_ol_cldjlea_midsize ,, 1000
DOCUMENT: The average _ in dollars retired for old rdred gasoline mldsizevehicles.

Mldeixe vehlelse eaater

_]_ ALT_midslze_in selvtce(t) • ALT_mldslze in_serv|ce(t - 01) + (new_ALT_mldslze . Mldsz_converldcns - relh'e_ALT_mtdsize) " ol
INIT ALT_mldslze_in_ler_dce • 0
TRANSIT TIME. 7
ENTRANCE CAPACITY = ,-
Kq.OWS:

,,80 new ALT_midMzI • ALT_mldsz_buy..fraclion _New mldsz

,_ Midsz_corNemlons • mldsz_convers_fractlon *New.midsz
OUTR.DWS:

,,_ rellm ALT_nildslze• CONVEYOR OUTFLOW

midslze_gme_ln_aervtco(t) • midldze_gaa_ln earvtco(t - di) . (New_gea_midllze • mUre..ga|_mldslzo) • 01
INIT mideJze_gae_in_selvice • 85
TRANSIT TIME • 7
ENTRANCE CAPACITY • 100¢
DOCUMENT: Thla rnodel easumes thai esdl vehicle is in seMco • llxed amounl oi time (transit lime in years) _ inlhl value spedfled lmlte number of vchidea in Imndoefor each of the slats in lhc conveyor, Thai is,
Ihe total inillal humber-in-servtoe li the sped|ed inllei number rnullplled by Ihe transit lime.

INFLOWS:

,_ New gea_midsize • New_gel_Midsz .Midsz_convemlons
OUTR.OWS_

-_ rel___s_middze. CONVEYOR OUTFLOW

(_ demand for_mldsize = SOS
DOCUMENT: The number ofmld_ze vehidea needed by t_e ileal Aeata'nedtobe constante! 1091 levels.

C) midajze_mtlred = retlre_gas_midelzee.mUre_ALT_mldalze

(_ midsz In_service = midstze_gaa_in earvice +ALT mldldze_in_servico

C) New.._,as_Midsz • New_mi(lsz -new_ALT mldldze

C) New midaz • MAX(O,(dem-nd_tor_midstze .mi(lsz_in_service .midslze_mUred))

NMHC Emleelone
COCUMENT:
This eaclor cahJiatsa lte total NMHC (Non.Met'tans Hydro Gsrbona) emmlaldons Ior Iho enlUreneel each year.

(_ ALT_buS NMHC_emtse = ALT but NMHC_per_mi'ALT_bus_luel'ALT_bua_av_mpg

C) ALT_bus_NMHC_per_mt • ,S
DOCUMENT: NonMettane H/dm Careen emissions In Wsms par mlle.
For alternate fuel buses.

C) ALT_car..NMHC emlss • ALT_car luel_flow'ALT car_NMHC_per_mi'ALT_car_mpg

(_ ALT_r,ar_NMHC_per_mi • .25
0OGUMENT: NonMettane Hydro Cen_onemissions In grams per mile.
For ailomats fuel cam.

(_ ALT_midsz_NMHC_emiea ,, ALT_midldze_rnpg'ALT_midsz_NMHC_or_mi'ALT_midsl:,e_luel_liow

(_ ALT_mldsz_NMHC_pr_mi = 1.7
DOCUMENT: NonMellw_e HydroCareen eml.lens In _roms per rene.
For alternate kiel mldsize velddea.

(_ ALT_NMHC_en_m • ALT_r.,M_NMHC emln .ALT_bu-, NMHC_emlea .ALT_midez_NMHC omhm

• (_ Diesel_bua_NMHC..per_ml • 1.7
DOCUMENT: Non-Melhans Hym Cefoona endmons In grams per mite.
For diesel buses.

(_ Ciesel_NMHG_omu • Diesel_i=Ua_NMHC..per_mi'Oieael_flow°dlesei_bus_mpg

• (_ Gasoeino_mu.NMHC_emlea • Gsa_cer_fuelflow'Gea_car_NMHC_per_mi'Gse_car_mpg

(_ Gee r,ar_NMHC_per_mi • .t26
DOCUMENT: Nml-Melhllne Hyfo Careens emisldone In grsn,4 per ndte.
For m,_e =ro

(_ Gn_midsz_NMHC_Mnisl • Gss_MIdsz NMHC..per mi'Gu_mldalze_mpg'Gea_midsz_fuelilow

(_ Gaa_Midsz NMHC_per ml • .125
DOCUMENT: Non-Mea Hyro C|d:Nxm emhmons In gnmrmper alia.
For gudins rnld=ize vd-dclea.
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Gal NMHC_emlos, Gu nidl,t NMHC_m +Glmdtne_car_NMHC emim
C) Total NMHC_emilmions • ALT_NMHC_emiss +Gss_NMHC_emiss +Oiesel_NMHC_emlss

NOX Emlseiono

(_ ALT_bus_NOX_emiss = ALT_bus_NOX.._per_ml'ALT_bus luel'AI.T_bus av_mp9

C) ALT_bus_NOX__per_mi : 1.5
DOCUMENT: Nitros 01ddeoompoundemilmtom in_ per mile.
For alternate fuel buns,

(_ ALT_car_NOX_emlss • ALT_car_luel.llow'ALT car_NOX.._per_mi'ALT car mpg

0 ALT_car.NOX per_mi..4
DOCUMENT: Nitme Oxide cow emilmlonoin grams per mile. ,,
For alten_to fuel clim.

(_ ALT_midsz_NOX erni_ • ALT_mldetze_mPg'ALT_midsz NOX_pr ml'ALT_midadze_fuel_llow

(_ ALT_mldoz_NOX__pr_mi • .7
OOCUMENT: Nitro=Oxide compound emlmiom in grams per mile,
For iltemlte kiel mldetzo vehldes.

C) ALT_NOX_emiu = ALT_car_NOX_emles 4ALT_bus_NOX_emiss .tJU.T_ntdsz NOX emiss
(_ Okmel bus_NOX_per.ml • 1,2

DOCUMENT: NitrosOxide cempe4mdemiuions in wants per mile.
For die_l buses.

(_ Dieeel_NOX_emlss • O4eseUxJs_NOX..per_ml'Diesel_llow'dtesel_bue_mpg

(_ Guoilne_car_NOX_emtss • Gas_csr_iuolliow'Gas_car_NOX_per_ml'Gu_car_mp9

(_ Gu cmr_NOX..per_mi • ,2
DOCUMENT: Nitros Oxide comlx)und wnimom ingrams per mile.
For guoline c=m.

(_ Gu_r_dsz_NOX_emlss • GIm_m_sz_NOX_per_mi'Gas_n'ddslze_rnpg*G=s miclsZ_lueiflow

O G-s_mld=z_NOX_p_ rd..2
DOCUMENT: Nilms Oxide cmn_ emluions ingrams per mlle.
For Olumine nV_dze veNdeL

(_ Ga|_Nt?',(_emlmtons • Gu_midsz_NOX_emlss _.Gasolne_car_NOX_emiss

(_ Tot=I_NOX emtlmlon=• ALT NOX emb_ +Gas_NOX_emhmion= +Die_d_NOX_emlu

Ilsrlup
(_ constnacllon_delay • 0

DOCUMENT: time to (mml_ete oonstnx_on of t3e Inhlelnx:LJm In yearn.

(_ klfnlelluctum_dolly • (ReguilllOrf_delay+conltnJctlon_del|y)

(_ Reguiatory_degay,, 0
DOCUMENT: TNs is _ time In ye=n0 lo meet ali Ihe regLdalofy mqulmmenls for contnaclloqtof Ihe alten'_le luel Inlmtslmdwe.

Totlio

cul_dltJvo_cost(t) • ctmm_o_cost(t • di) + (Cost_low) " dt
INIT cumulllivo_cos! ==0
INFLOWS: •

"_ GoeL.flow = To__ol)er=b_n ._To__capi_
C) cost_of_infrastnJcture = 500000

DOCUMENT: Tolal cost of puBIno an INnmUuctum In piace (in ck)Nam).

(_ Cum..pmeent_cost • NPV(Colt_flow,dlscounl_rl|e,O)
DOCUMENT: Netpreeent co_

0 dlscoun(_mte • .00
DOCUMENT: "Thisis hD lime value of money discmJntmb

(_ Oasoiine_llow= Gsn_cer_S_dflow +Gas_nVdsz lueillow

(_ Inlmutr_cost_Eow • STEP(cost_ot_lnlrastmctum.lnlm=tru¢_m_deluy.STARTTiME)
-STEP(cost of infmstmctum,infm,,tmcture_delay.STARTTIME,_ 1)

(_ Torsi ALT_fuel_flow . ALT_car_luel Ilow +ALT_I_Js_fuel +ALT_mldsize_fuel flow

(_ Totmi_ALT_veNdes • ALT_cam..in_uervlce 4,ALT_l_mes_in NIvice ,0.ALT_midelze_in_servtce

0 Total_COl_tal •clLc, q_tal . I:_o capital + mdlz_capltll . Inlrllb'_OOS|_OOW

(_ Tohd_Gonvonl8h_d_flow • Diolml_llow + gasoline low
(_ Total_luel iiow • Totsl_ALT_fuel_flow + Total_convenU_h,ml flow

C_ Totlll_openltlon ,, car_.oporaUon +Bum_opemlon +mdlz_openlllon

(_ Tolal_tnlditlonal vehldes • Gasoline_cim_in eendce +nddslzo_gls in_servlce +Diesel_buses_in_sendce

Tolal_veNctes • To_ ALT_vehldes .Tolal_traditlonal_vehicles
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Appendix C

Input Data

c-!



Table C-1 presents the input variablesused in the l-thinkTM model used in the analysis. Where
appropriate,values aregiven for each of the threevehicle types. The rangesrepresentthemaximumand
minimumvalues expected over the 20 yearsof the analysis.
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