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1. INTRODUCTION

This report describes a modeling methodology for examining the prospective economic benefits of
displacing motor gasoline use by alternative fuels. The approach is basedon the Alternative Fuels Trade
Model (AFTM). AFTM development was undertaken by the U.S. Department of Energy (DOE) as part
of a longer term study of alternative fuels issues. Some of the details of this longer term study have
been documented in earlier reports [e.g. DOE 1988, 1989, 1990, 1991]. The AFTM is intended to ass/st
with evaluating how alternative fuels may be promoted effectively, and what the consequences of
substantial alternative fuels use might be. Such an evaluation of policies and consequences of an
alternative fuels program is being undertaken by DOE as required by Section S02(b) of the Energy
Policy Act of 1992.

Interest in alternative fuels is based on the prospective economic, environmental and energysecurity
benefits from the substitution of these fuels for conventional transportation fuels. The transportation
sector is heavily dependent on oil. Increased oil use implies increased petroleum imports, with much
of the increase coming from OPEC countries. Conversely, displacement of gasoline has the potential
to reduce U.S. petroleum imports, thereby reducing reliance on OPEC oil and possibly weakening
OPEC's ability to extract monopoly profits,t The magnitude of U.S. petroleum import reduction, the
attendant fuel price changes, and the resulting U.S. benefits, depend upon the nature of oil.gas
substitution and the supply and demand behavior of other world regions. The methodology applies an

" integrated model of fuel market interactions to characterize these effects.

1.1 ANALYTICAL FP_ORK

The underlying logic of the analysis is that the energy decisions taken in the United States have to
be viewed in the context of global energy markets. Petroleum is an internationally traded commodity,
so changes in U.S. consumption patterns have an impact on prices, consumption, and production
throughout the world. Natural gas is currently traded on a more limited basis than petroleum but our
analysis is conducted on the premise that a world natural gas market is likely to emerge over the next
two decades, particularlyif the U.S. becomes a major importer of either LNG or methanol made from
natural gas. Furthermore, natural gas and petroleum products will substitute for one another in each
e'r gton, for example in boiler fuel markets or motor fuel markets (if gas-based alternative fuels are

available). These market relationships are characterized in the Alternative Fuels Trade Model, which
was originally developed for DOE by Alan Manne of Stanford University and was substantially revised
by Paul Leiby of Oak Ridge National Laboratory.

.)

ZBy"monopolyprofit"werefer towhat economistscall"rent,"or the extraprofitthat a monopolistcangainbylimiting
itsproductionandmaintaininga marketpriceabovethe competitivelevel. Underfree competition,pricewill tend toward
the marginalcostof the last unitof productionfrom eachsupplier,
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1.2ISSUES ADDRF__ED

The report demonstratestheuseoftheAFTM methodologytoexplorethefollowingissues:

s What istheeffectofalternativefueluseonworldoilandnaturalgasmarkets,includingfuelprices,
production,andconsumption?

• What arethecomparativepricesatthepump ofgasolineandalternativefuels?

s What aretheindirectandoffsettingeffectsofalternativefueluse,whichmay diminishtheability
ofalternativefuelstodisplaceoiluseorimports?

s What countries/regionsarethe likelysourcesof alternativefuelsupply?What isthenet
displacementofU.S.oilandenergyimports?

s What mixofvehicles(byfueltype)wouldlikelybechosenwithoutspecificincentives?What are
theeffectsofrequirementsorincentivesonvehiclemix,andwhataretheimpliedconsumercosts
associatedwithchangingthevehiclemix?

s What arethemarketeconomicgainsandlossestotheU.S.fromalternativefueluse?

,,s

1.3 POTENTIAL CONSEQUENCt_ OF ALTERNATIVE _ INTRODUCTION

The motivations for alternative motor fuels are three-fold:

i. Alternative fuels _ provide economic benefits to the US. by partially
substituting for oil in,ports. Depending on alternative fuel prices,
alternative vehicle efficiencies, and the resulting shifts in other fuel
prices, the introduction of alternative fuels _ satisfy transportation
energy demand at lower total cost to society.

ii. Alternative fuels m_ provide environmental benefits, by reducing the
automotive emissions of selected pollutants.

iii. Alternative fuels _ provide energy security benefits, such as
undermining the power and cohesion of cartelized oil suppliers, reducing
the motivation for and likelihood of oil marketdisruptions, improvingour
ability to respond to disruptions, and increasing U.S. foreign policy
flexibility by lessening dependence on particularfuel supply regions.

Of these factors, the AFTM methodology focuses on the first, market economic consequences. We use
it to look at the effects on oil use and imports, total energy imports, and economic gains or losses.

In subsequent analyses, being undertaken for Section 502b of the Energy Policy Act of 1992, the
AFTM will track emissions of greenhouse gases from fossil fuel combustion. This will be done with a
simple accounting framework indicating emissions of GHG-s per unit of each fuel used. While possible

.....................................

...... "................................................................... ill ......... i I •
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benefits associatedwith reduced GHG emissions will not be estimated by the model, the effect _f
alternativefuel policyon GHG emissionsand the possiblerole of constraintson GHG emissionsmay

" beconsidered. Alternativefuelsmayalsoimprovelocalairqualityin urbanareasby reducingemissions
of carbon monoxide, particulates,nitrogenoxides, and volatile organichydrocarbons. However,the J
emissionsof such non.OHO "criteriapollutants"will_ be monitoredbyAFTM.

As a long.runequilibriumapproach, the AFTM providesonly partial informationon potential
energysecuritybenefits. Energysecurityconcernsmaybe subdividedinto two parts:the long.runcosts
of importingenergyat carteli_ pricesandthe short.runcosts of potentialenergydisruptionsand price
volatility. The Ar"TMcan providean estimateof long-runnormalmarketgains,but does not address
the effects of alternativefuel useon short.runoil marketdynamics. It is worthnotingthat the energy
securityimplicationsdonot hingesolelyon whetherthemotorfuelsare labeled asdomesticor imported.
On one hand,some apparently"domestic"motor fuels may simplybe recategorisedor transformed
versionsof importedfuels. Or theymaydisplaceotherdomesticuses for those fuels,andlead to added
importsbyothersectorsof the economy, On the other hand,even if the alternativefuelsare imported,
some energysecuritybenefitsmay derivefroma greaterdiversificationof U.S. fuel sourcesand fuel.
types. Me use of alternativefuelswillalso affect the priceresponsivenessof fuel demandandsupply,
andthe patternof fuel trade. Theseeffectscan be estimatedfroma long-runmarketmodel. The long-
runcomparativestaticsapproach,however,does not assesspotentialgeo-politicaland dynamicenergy
securityimplicationssuch as:

a) the increasedflexibilityof U.S. petroleumdemand,possiblyimprovingthe country'sabilityto
weatheroil supplyshocks;2

. b) the increased(or decreased)flexibilityof the U.S. crudesupplyand refinerysystem;
c) a possiblereductionin the likelihoodof oil supplyshocks, giventhe reduced"tightness"of the

worldoilmarket,possiblereducedcohesionof cartelizedsuppliers,andthegreaterpreparedness
of the U.S. to respondflexibly;and

d) the strategicand foreignpolicybenefitsof a morediversifiedU.S. energysupply,both in terms
of the rangeof resourcesused and the geographicalvarietyof suppliers.

These energysecurityand environmentalaspects of the alternativefuels programmeritfurther
scrutiny,and presentsubstantialanalyticalchallenges.

e

7"Thisflexibilitywill depend in part on whether alternative fuel vehicles are flexibly.fueled or dedicated to a single fuel
. use. Taking advantage of FFV flexibilityduring an energy shock will require either surge production capability in the

undisrupte.,dfuel or the ability to reduce potentially more-elastic demands for the undlsrupted fuel in non-transportation
sectors. Demand flexibilitywill also increase to the extent that alternative fuels displace (comparatively inelastic) gasoline
demand in favor of (highlyprice.responsive)heavyoil usein industrialboilers.
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1.4 _ARIOS CONS__

Two illustrative scenarios are presented to indicate the capabilities of the methodoio_. The
scenarios are a Bue case and a Multifuei cue. The AFT'M model provides the capability t_ analyze
many alternative motor fuels. In these illustrative _narim, four alternative fuels are analyzed:
methanol, ethanol (from grain), _mpressed naturalgu (CNG), end electric vehicles. Su_quent work
will _end this analysis to include cellulosic ethanol, ltquifiedpetroleum gazes (LPO) and _.petm_um
gasoline. The study's "Base _" _nario co,ponds to the mid-case Annual Ener_ Outlook [U.$.
DO_IA 1993] projectio_ for 2010, with limited _ of alternative motor fuels b_ on _ting
regulations and fleet requirements.

As a comparison to the base-case scenario, the study examines a "Multtfuer'_nario for the year
2010. This scenario is not a forecast but is merely illustrative of one _ible altemati_ fuel future.
It is dictated in part by the availability of data. For example, both L,PG and _llulm_ ethano! are
omitted because the analytical framework for these fuels tz still _ing developed. In the Multifuel
scenario, a mix of alternative fuel vehicles consume about 2.0 million barrels-per.day (MMBD) of fuel
(detailsare in Section4). This scenariomightcorrespondto an incentiveor mandateto producea
sufficient number of alternative fuel vehicles (dedicated and flexible fuel) to achieve the specified volume
of gasoline displacement. The Multifuel _nario assumes that a fraction of motor vehicles are flexible
fuel vehicles (FFVs), for which the fuel choice it left to the vehicle owner. Each flexible vehicle
owner's choice be_n, for example, gasoline, ethanol (E_) and methanol (M85) depends upon fuel
convenient, vehicle performance using each fuel, fuel price, and other considerations. These. factors
are implicitlyembedded in a relation where the marketshare of earh fuel varies with relative fuel prices,
as described in Chapter 2. Thus, while the numberof vehicles zelect_ is consistent with the target _1
of gasoline displacement in 2010, the actual volume of gasoline di, placed depends on market forces and
the price advantage of alternative fuels.

1.5 PLAN OF _RT

Chapter 2 describes the analytical framework,including the manner in which markets and processes
are represented, and the approach to determining the market equilibrium. Chapter 3 is more explicit
about numerical assumptionsregarding suppliesandp_es, andnotesthedatasources,Chapter4
presentsasetof resultsfromthe twoscenarios,basedon theassumptionthatOPEC behaves_entially
asa competitivesupplierof crudeoil. Chapter5 summarizesthepreliminaryinsightsgain_ from the
methodology.
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2. ANALYTICAL FRAMEWORK: THE AFTM MODEL

2.1 O1_¢11_t/_ APPROACH OF ALTERNATIVE FUELS TRADE MODEL

The Alternative Fueh Trade Model (AFFM) focuses on the production and consumption of
alternative motor fuels which may substitute for gasoline. The AFFM model emphasizes the
tnterrelattomhtps between oil and gas markets. The use of alternative fuels will displace gasoline
demand, initiating a series of adjustments which ultimately may lower both U.S. oil imports and the world
price of oil. These changes will ripple through the energy-economy, providing a variety of costs and
benefits, only some of which are measurable in economic terms. The market interactions and the
ultimate comequences for energy supply, demand, prices, and U.S. economic welfare may be partially

by examining the long-run market balances with an integrated model such as AFFM. This
approach is often called 'long.run comparative statics." It compares long-run static pictures of the
energy-economy under alternative policies, without explicit consideration of the intermediate adjustment
proceu needed to reach those long-run balances. The approach focuses on:

the prospects for fuel substitutions (which may modify the impacts of alternative fuels);
the long-run effects of alternative fuel use on oil and gas conversion activities, imports and

costs; and
the ramifications of possible monopolistic responses by oil and gas exporters.

Fhe AFTM determines prices and quantities which balance the inter-related world oil and gas
markets. It characterizes the long-run market equilibrium in a selected year. The production of primary

" rawmaterials (crude oils and natural gas) is governed by price-responsive supply curves. Processes which
convert crude oil or natural gas to industrial and consumer fuels are represented. The transportation
of primary fuels and final products between regions is monitored. AFTM models the final demand for
each end-product fuel by downward-sloping constant-elasticity demand curves. It permits fuel
substitution in motor vehicles and in industrialand utility boilers.

The AFrM model provides information on the market effects of introducing alternative
transportation fuels. It estimates changes in the prices, supplies and demands of conventional fuels. It
reports the levels of alternative fuel use, and tracks the geographic sources of U.S. energy supplies. The
market costs and benefits of introducing these substitute fuels are also assessed, based on a standard
"social surplus" analysis. Social surplus [e.g. Varian 1978:207-15, Willig 1976] measures the net U.S.
economic benefits of a particular market outcome as the total benefits of fuel consumption minus the
costs of domestic fuel production, fuel conversion and fuel imports. The incremental capital cost of
alternative fuel vehicles is also subtracted. The entire U.S. is treated as a single AFTM region, so the
distribution of costs and benefits within U.S. subregions is not determined.

2.1.1 Interrelated World Energy Markets for Competing Fuels

AFTM estimates the effects of a fuel market equilibrium. Spatially disaggregated markets for
competing fuels achieve an equilibrium as prices adjust, and fuels are transported to new locations and

• converted to forms with the highest value. This is a market-based balancingprocess. It results from cost
minimization and profit maximization by the various economic agents (producers, transporters, refiners,
distributors, etc.). Consequently, the market equilibrium may be calculated with an optimization
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framework, following Samuelson [1952]. A standard modeling and optimization system, GAMS [Brooke,
Kendrick and Meeraus 1988], was used to define and solve AFFM. 3 The resulting model includes both
linear and non-linear components, The non-linear equations describe primary resource supplies and final
fuel demands (which vary with the price of the fuel), and describe substitutions between close-substitute
fuels (which vary with the price differential between the substitutes). The remainder of the model is
linear, connecting the non-linear supplies and demands with linear transpmation links and linear fuel
conversion processes (such as crude oil refining). In keeping with the optimization approach to solution,
a (non-linear) model objective is defined which embodies supply, demand and fuel substitution behavior.

AFTM solves for competitive market cleating prices and quantities for all regions. This is achieved by
maximizing a measure of net benefit to the world, subject to constraints on transportation, refining and
conversion. Net benefit is given by the consumers' valuation of their levels of final demand, minus all
the costs of fuel production, transportation and conversion. 4

2.12 Static Long-Run Equilibrium in 2010

While the model is disaggregated in terms of physical commodities and geographical regions, each
model run refers to a single year. Runs for the year 2010 are considered in this study. There are no
explicit dynamics governing the time lags in consumers' responses to changing prices, and there are no
explicit dynamics governing producers' incentives for exploration to convert undiscovered hydrocarbon
resources into proven reserves. In the absence of these dynamics, the _ market outcomes are best
viewed as long-run balances, which would occur if market conditions persist long enough (or have been
changing slowly enough) for all adjustments to complete. For the gradual introduction of alternative -

fuels eomidered in this report, the use of AFTM long-run equilibria to approximate the single-year
outcomes in 2010 seems reasonable.

,t

2.1.3 Regional Detail

There are six main supply-demand regions in AFFM: USA, Canada, Japan, Western Europe,
OPEC, and the Rest-of-World (ROW). The ROW excludes formerly-planned economies. 5 The AFTM
main supply-demand regions are identical to those used by the U.S. Department of Energy in its
International Energy Outlook [U.S. DOE/EIA 1993]. Each main supply-demand region may produce,
convert, export and consume most of the principal fuels. For simplicity, detailed motor fuel conversion
and consumption is represented only in the U.S. Demand for light petroleum products is more
aggregated in the other main regions, but these regions may produce and ship alternative fuels or their
components to the U.S.

3GAMS (the General AlgebraicModelingSystem) is a commerciallyavailable modeling languagethat eases the
specificationof linearand non-linearsupplycurves,demandcurves,andconversionprocesses.Regionsand fuelsof interest
are specifiedin tables,asare the basicmodel data. GAMS automatesthe solutionof these equations. It is widelyused for
economicmodeling,of both partial and generalequilibriumproblems.

4Maximizingthis measure of net benefit is identicalto maximizingthe sum of producers' and consumers' surplus,i.e.
the socialsurplus.

5Net oiltrade with the Former SovietUnion, Eastern Europeand Chinais handledas an exogenousinput,whilenatural
gas, LNG and methanoltrade is endogenous.
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Recognizing that OPEC member countries differ in terms of their oil resource bases and possibly
in their supply behavior, OPEC is subdivided into two crude supply regions: OPEC-Core and OPEC-

" NonCore. For the NonCore portion of OPEC, supply increases with price along a competitive supply
curve. OPEC-COre behavior may be modeled through either a competitive supply curve (which
increases with price) or a monopolistic supply response function. Under the monopoly assumption the
OPEC Core is assumed to collectively determine its production rate, in order to maximize its joint net
revenue from oil production. When making this decision, the cooperating members of OPEC are
assumed to consider both the long-run effect of their production on world oil prices, and the implications
of their current production for the future value of their reserves. 6

Alternative motor fuels based on natural gas may utilize new gas resources which are currently
undeveloped due to high transportation costs oi insufficient demand. To investigate this possibility,
AFFM includes natural gas supply from several foreign countries with a significant base of low-cost
natural gas, and with low domestic demands. The remote foreign natural gas supply regions are listed

in Table 2.1. They provide greater detail for important sub-regions of the six main multifuel supply-
demand regions, have no explicit demand, and may only supply gas or gas-products. The remote foreign
gas locations offer the greatest potential for new methanol or LNG exports.

2.1.4 Multiple HydrocarbonFueLs

There are more than 30 distinct commodities (mostly hydrocarbon fuels) monitored in AFFM (see
- the Appendix for a listing). The primary resources are natural gas, light and heavy crude oil, and grain

biomass feedstock for ethanol. 7 Natural gas is either converted to methanol, CNG or LNG, or
consumed directly as a final product, s Petroleum-based products include residual fuel oil, distillate fuel

" oil, liquified petroleum gases (LPG), gasoline and reformulated gasoline. The total final demands by
consumers who may substitute between oil and gas products are satisfied by an endogenously-determined
mixture of fuels. For the purposes of the model, substitutable final demand is specified as demand for
an aggregate or "composite" fuel. The three flexible composite fuels are: "Boiler fuel" (an aggregate
of residual fuel oil and gas); fuel for alcohol FFVs (an aggregate of M85, E,85 and Gasoline); and fuel
for CNG FFV"s (an aggregate of CNG and gasoline. Note that only two (average) types of crude oil
are specified. The model's primary purpose is to provide an overall view of the long-term
interdependence between oil and gas markets. Detailed petroleum quality attributes such as gravity,
sulfur or octane are of secondary importance.

tRJsingthe approachof yonStackelberg,tiaemonopolist'ssupplydependson the elasticityof net demandfor itsproduct,
and may actuallymove in the opposite directionto price. For the static monopolist,the profit.maximizingprice impliesa
proportionalmarkup over marginal costwhich is inverselyrelated to the elasticityof net demand: (P-MC)/P = l/e. This
iscalledtheinverseelasticityrule,and theproportionalmarkupis calledthe "Lernerindex"(see,for example,Tirole 1989:66).
In the monopolyversionof AFTM the monopolistfollowsthe staticpricingrule, but includesa shadow costassociatedwith
foregone future profit in the marginalec_t computation. See the Appendixfor further details.

7Ccllult3sicfeedstocksupplywill be added when developmentis complete.

e'NaturalGas Liquids(NGLs)are currentlymergedwith thecrude stream sent to refineries,but willbe subdividedwhen
LPG flowsare more completed represented.
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Table 2.1: AF'I/d Regions

Multifuel Supply-Demand Regions
USA
Canada
Japan
W. Europe
OPEC
ROW (Rest-Of-World, Market Economies)

Crude Supply-Only Sub-Regions
OPEC Core
OPEC NonCore

Remote Foreign Gas Supply Regions (Produce Natural Gas, LNG, or Methanol)
W. Europe: Norway (Norwegian Arctic)
OPEC Core: Abu Dhabi, lran, Iraq, Kuwait, Libya, Qatar, Saudi Arabia, UAE
OPEC Noncom: Algeria, Nigeria, Indonesia, Venezuela/E_uador
ROW: Argentina, Chile, Mexico, Trinidad, Canadian Arctic,

China, Malaysia, Australia, New Zealand, Oman, Yemen
Bangladesh, Egypt, India, Pakistan, Peru, Papua/New Guinea,
Formerly USSR-West, Formerly USSR-East

__-- II- I IIIliI II __- I I I - Ill IIIII I II III I III I I

t

Not all regions include the full set of possible hydrocarbon fuels. Specifically, only the U.S. has
explicit demand for final motor fuels such as gasoline, CNG, M100 and E85. Methanol production and
supply is feasible in all natural gas supply regions, but methanol demand is only mod¢]ed in the U.S.
CNG and Ethanol supply and demand are only modeled in the U.S.. Gasoline and reformulated gasoline
may be produced elsewhere and imported by the U.S.

2.2 MATHEMATICAL STRUCTURE OF AFFM

22.1 The Supply-Demand Balance Comtraint

A supply-demand balance eomtraint accounts for all the flows and conversions in the world oil
and gas markets. It emures that sufficient supply is produced, shipped, and converted to cover demand
for each fuel in each region.9

9Thesupply-demandbalanceconstraintis:

S_ + St, . EAt, a. , E (x.tp,-xt,) z d/, for all f,r
¢ P
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2.2.2 The _ Optimization Problem Yielding a Competitive Equih'bdum

. The AFTM objective function is constructed so that its minimum occurs at a global equilibrium
of oil and gas markets. The optimization identifies that pattern of regional supplies, shipments,
conversions and demands which satisfies the above market balance constraint at minimum cost. Hence

there is no (market) incentive to reallocate goods, and the balancing allocation is an equilibrium, t°

The objective is to maximize total world net consumption benefits subject to the supply-demand
balance constraint. To compute total net benefits, producers' costs, conversion costs, transportation costs
and consumers' utilization costs are all subtracted from consumers' benefits.

Net Benefits = Consumption Benefits - Resource Supply Costs - Conversion Costs

. Transportation Costs - Consumer Utilization Costs tl

for the _ variables:

_slt supplyof raw materialsf in regionr
a= activitylevelsof conversionprocessesc in regionr

quantitiesof fuel f shippedfrom r to p" demandfor endproductsf in regionr

and parameters

sp_t exogenous suppl, of fuel f in region r
Aj_ conversiont_ocessouO,utoffuelf per unit activityc.

The indexc refersto conversionprocesses;indicesr and Oreferto regionnames;and the indexf refersto the various
hydrocarbonfuels (primaryinputsand final products). In words,thisequationmeansthat foreach regionr and fuel f,
exogenoussuppliesplus localsupplyplusnet conversionoutputsplusnet importsmust equalor exceeddemand.

l°By no marketincentivefor/reallocation,it is meantthat underprevailingpricesno individualfirmor consumercould
gainby producingor consuminga differentamount. However,theremaybe incentivesfor largegroupsof agents,suchas
all U.S. petroleumconsumers,to alter theirchoicesina waywhichinfluencesthe marketprice (throughjointmonopsony
ormonopolypower),orreducesenvironmentalor energysecurityexternalcosts. Thesearepossiblemotivationsforprograms
suchas alternativemotorfuels.

lZFormally,the maximizationproblemis:

•., d,- ,,- - E,o. - ' o
e p

. (and non-negativity conditions)

where:
gp indexregions
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The primaryresource supply costs are determined fromthe area under the inverse-supply (marginal cost)
curves, and the consumer benefits are determined from the area under the inverse-demand (marginal
consumption benefit) curves. Unit conversion costs and unit transportation costs are fixed. For
composite goods with substitutable inputs, "Consumers'Utilization Costs" are determined from a sharing
cost function C" which is a discrete-choice analogue of consumer surplus [Small and Rosen 1981, Leiby
and Greene 1993] but depends on input shares of. The inclusion of consumer utilization costs reflects
the welfare effects of non-price attributes of substitutable inputs. It also assures that equilibrium shares
for substitutable goods are consistent with the desired sharing function (in this case, a legit function, as
described in Section 2.2.7).

At the optimum for the above problem, a competitive market equilibrium is achieved: supplies
and demands balance; and prices for final goods reflect the marginal costs of input supply, conversion
costs and transportation costs in expected ways.

The introduction of flexible fuel vehicles creates competition between gasoline derived from
crude oil and alcohol derived from biomass or natural gas. Long-run substitution between oil and
natural gas also occurs when CNG is used in vehicles. The introduction of electric vehicles also provides
an opportunity for substitution. 12 This competition between ethanol, methanol, natural gas and
gasoline results in altered crude oil prices and gas prices. Since demands for various energy products
are highlyinter.related, the changing primary energy prices create tipple effects throughout world energy
markets. Thus the prices of most other energy products change, many declining with the fall in crude
prices caused by the introduction of alternative fuel vehicles. There are a variety of other second-order
implications of the changes in energy prices.

The objective function above accounts for the costs and benefits associated with each of these
changes resulting from alternative fuels introduction. Net Cost is reported for each region and for the

f indexesfuetsandothercommodities
c indexesconversionprocess
d_ .s_, demandandsupply levels forfuelf inregion r
D_; S,,__ areinversedemand(marginalbenefit)andsupply(marginalcost)functions
a,, activitylevelforconversionprocessc

fuelfoutput (input)perunitprocesscprocessc unit conversioncost,in regionr

_F_jD' slaipmentof fuelf fromregionp to r
unittransportcostsforfuelf fromregionp to r
is the set of compositefuels/commoditieswithsubstitutableinputs

Ct'(u") is theconsumerutilization/sharingcostforeompositefuelfwith inputshares•t

12Otherthansubstitutionbetweengasandoil inboilers,theAFTMdoesnotexplicitlyrepresentsubstitutioninother
sectorsof theeconomy.Somesubstitutionis implicitin the price.elasticitiesof demand.Thefocusof AFTM ison
transportationfuels,andonlythoseinteractionsmo6tdirectlyrelatedtomotorfuelusearerepresented.
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" world as a whole. The measure of net benefits to the U.S. is obtained from the U.S. contribution to the
AFTM objective function, after subtracting the cost of U.S. net imports, t3

2.2.3 PrimaryResource Supply CMrves

All supply curves in AFTM follow a simple functional form. This supply form implies a
decreasing elasticity with price. For each region, the supply curve passes through the associated price-
quantity point from the DOE AEO midcase forecast. Letting Q, denote the quantity supplied and P,
the associated price, all other points are extrapolated with the following nonlinear marginal cost function:

b
P, = a+----- (1)

c-Q0

The model user provides three points along the supply curve for each raw material (crude oil or natural
gas) and region. These poir,ts determine the supply parameters, a, b and c. Note that this form implies
high elasticities at low levels of supply- and low elasticities at high levels. The parameter c imposes an
upper bound upon supplies. As Qo approaches this value, the supply price increases indefinitely.
Conversely, parameter a represents the minimum price required for supply to be positive.

There are about 35 natural gas supply regions, covering virtually all significant prospective
. suppliers from developed and remote undeveloped resources. The supply curves followed the standard,

but fairly flexible functional form given above. The supply curve parameters for each region were fitted
to detailed marginal production cost figures developed by Energy and Environmental Analysis inc. on

- a field-by-field basis [U.S. DOE_EA 1993].

A supply curve was also included for grain.based ethanol feedstock materials in the U.S. The
feedstock for grain-based ethanol production consists of corn, whose cost reflects the land, labor and
capital involved in corn production. The oil and gas used in corn production and ethanol distillation are
accounted separately in the ethanol-from-corn conversion process." A simple supply curve for corn
feedstock was estimated from the results of McGartland _. [1991], who used the large agricultural
model AGSIM. The corn feedstock supply curve is upward sloping in price, reflecting competing
demands for corn and the competing uses for agricultural land and labor [Turhollow and I_iby 1992].
Due to the limited information currently available [Tyson 1990, Turhollow and Leiby 1992], the supply
curve (marginal production cost) for non.grain feedstocks to cellulosic ethanol production is not yet
represented.

i.,m, i ,,,, -.

t3ln the absenceof trade restrictions,the world market equilibrium correspondsto the maximizationof world
consumption benefit minus production and transport costs, without regard tOthe net import costs of any particular region.

. In fact, the net import costs of one region correspond to the net export gains of another, and cancel out in the maximization
of worldbenefit. Forthisreason,the AFTMappropriatelytreatsforeignoll and gasas costingonlyits productionand
transportationcost,in determininghowmuchforeignvs.U.S.domesticoilandgaswouldbeproducedin thecompetitive

. equilibrium.However,a netbenefitmeasurefromtheU.S.perspectiveshouldaccountforthetransferof wealthabroad
duetoenergyimports.

14Coal use is assumed for the distillationof corn, and its costs are reflected in the conversion process. Coal flowsare
not monitored in AFTM.
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To allow for two crude types, supply curves are included for light (sweet) and heavy (sour) crude
types in each major supply region. The supply curves where benchmarked to produce an aggregate
crude supply equal to the reference DOE_IA projection at the reference DOE/EIA price. The
projected fraction of light and heavy crude production, and the reference light-heavy price differential
for each region was determined from datasets developed by DOE for the Oil Trade Model (OTM).

For the purposes of this study, OPEC is subdividedinto the central OPEC Core countries, which
possess most of the excess capacity and market power, and a competitive fringe of Non-Core countries.
The benefits of methanol fuels introduction are evaluated considering two possible characterizations of
OPEC Core supply behavior: competitive and monopolistic. In the competitive version of AFTM, the
OPEC Core supplies oil along a long-run competitive supply curve. Alternatively, OPEC Core supply
approximates Stackelberg monopolistic behavior. Specifically, the countries in the Core subset of OPEC
behave jointly as a price leader in the international crude oil market. This means that they coordinate
production decisions among themselves, andthat the total production of the group as a whole is set with
full consideration of the anticipated responses of oil consumers, non-OPEC oil producers, and non.Core
OPEC oil producers. Each of the lattergroups are then in a similarrole of responding passively to the
price leadership of the Core OPEC producers.

The monopolistic price leader maximizez its profit, that is its revenue less its cost. Its revenue
is the quantity it produces times the market price it receives for its oil. Because of its large size, the
monopolistic price leader recognizes that its production decisions influence the market oil price. The
market oil price response is given by the "netdemand"function for OPEC Core oil. The crude oil net
demand function facing the OPEC Core derives from the sum of all regional demand functions for oil-
based products (representing the responses of consumers to price) less the crude oil supply functions
of all other producers. Included in the net demand function is the potential for consumers to substitute
between oil and gas in response to the OPEC core pricing decisions. Because of its size, the
monopolistic price leader can influence price. The price responsiveness of AFI'M net demand is
discussed further in section 3.5.

The monopolistic profit maximization described above is essentially a static, long-run
representation. Dynamic OPEC models are generally concerned with either the time path of (net)

C'demand response [Pindyck 1978, 1979, Hnyilicza and Pyndyck 1976, Wirl 1985, 1990] or the depi tlon
of finite OPEC oil resources [Hotelling 1931, Devarajan and Fisher 1981]. AFTM focuses on long run
demand and supply behavior, so net demand dynamics are omitted. However, long run oil depletion

considerations are introduced by includinga component in the monopolistic cost function to approximate
the opportunity cost of producing oil earlier rather than later (see Appendix A for details).]s At thei

profit maximum, the price leader chooses its price (or equivalently, its quantity) so that its marginal
revenue is equal to its full marginal cost. This monopolistic price leader solutior, is identical to the
standard monopoly solution, except that the marketdemand function (of the single monopoly problem)
is replaced by the net demand function (of the price leadership problem).

The monopolistic assumption requires a clear definition of the Core group within OPEC, and
the estimation of its net demand function and its cost function. In the past, Saudi Arabia, Kuwait, and
the United Arab Emirates have often been seen as the Core players within OPEC [e.g., Hnyilicza and

15Inthe literatureondeplctabi¢rct,ourccs,this opportunitycost i_ alsoknownas the shadowcostor usercost.

i i .... I --
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Pindyck 1976:140, or Daly, Griffin and Steele 1982:153]} 6 These countries together control over 40
percent of EIA projected OPEC capacity in 2010, and they have similar population densities, ethnic

- backgrounds, religion, geography, and culture. However, since only the OPEC Core countries exercise
market power in our approach, it may be reasonable to expand somewhat the total amount of capacity
that is assumed to be controlled by the Core. Thus, without being specific about which countries would
actually participate in monopolistic pricing decisions in the year 2010, we simply assume that the Core
controls about half of total OPEC production, t7

Under the monopolistic Core assumption, the net demand for OPEC Core oil was estimated
from repeated experiments with AFTM. A curve was fitted to the variation of net demand behavior

venus price, and the relationship was found to be nearly linear. The marginal cost of OPEC Core
production was assumed to be constant, at least over the range of supply variation induced by the

alternative fuel programs. This marginal cost was benchmarked to the EIA I_ternationa! Ener_
Outlook |_3 forecast, by assuming that forecasted OPEC production is optimal at the forecasted price.
Given the parameters of the linear approximation to net demand (which vary when alternative fuels are
introduced), and the estimate of Core marginal production cost, profit-maximizing OPEC Core
production levels may be calculated for scenarios with and without alternative fuels, ts Optimal
monopolistic production levels were substituted back into AFFIVl to determine the implied market
balances and the net benefits to the U.S.

2.2,4 Conversion Activities

The conversion activities included in AFTM are linear process with fixed input.output
coefficients. That is, each conversion process uses fixed proportions of one or more input fuels to

" produce one or more products. Each process also incurs a fixed cost per unit of activity. Most
conversion activities are unconstrained, and may be operated at any positive level, t9 The Appendix
provides a listing of AFTM conversion processes.

2.2.4.1 A CompactRefinery Characterization

A refinery submodel was estimated from experiments with the large and detailed Refinery Yield
Model (ORNL-RYM, see Hadder and Leiby [1992]). The AFTM refinery submodel converts two crude
types into 6 products. It has 3 levels of refinery complexity and up to i6 sub-modes of operation within

tSLtt_ is often includedin the cartelcore.

tTThisapproachonlyapproximatesthe realityof OPEC,sincewe are effectivelyassumingthat OPECcooperationis
perfectwithinthe Coreof OPEC,and nilfor the restof OPEC. The realityis of coursemorecomplex,with the extentof
OPEC members'cooperationwaxingand waningover time as members' individualsituationschange, and as the key
producerswithinOPECare more or lesseffectivein obtainingthe cooperationof otherswhosestake in the outcomemay
be lessthan theirown. However,cooperationwithinOPEC is neverperfect,nor is it ever totallyabsent.

lSSeethe Appendixfordetailson theestimationof the Corenet demandfunction,Coremarginalproductioncost,and
the mannerin whichoptimal Core productionis calculated.

t9Oneexceptionis LNG regasiflcationin the U.S.,whichis limitedto constrainU.S.LNG imports(see section2,2.5).
Also, refineryactivityinthe OPEC regionisconstrainedto reflectthe historicalproductmix.
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eachcomplexity.Productionofreformulatedgasolineisrepresented,and methanoluseand LPG
production are tracked. Despite this effort to include realistic details, the AFFM refinery is still only
a very simple extreme-point characterization of the many complicated refinery processes.

2.2.4.2 Non-Petroleum Conversion P_

Other processes describe the physical conversion of gas to LNG, CNG and methanol. The
parameters used in these conversion processes are based in parton a studyby Chem Systems, Inc. [DOE
1989]. This study considered the capital costs, operating costs, and feedstock requirements of methanol
and LNO facilities in some detail. While the operating parameters of such facilities were estimated to
vary with plant scale and design [U.S. DOE 1989:viii], only one set of conversion input.output
coefficients was used for each process in AFFM. A large-scale plant in a representative area was chosen
to estimate the fuel conversion parameters._ However, since costs will vary substantially by plant
lo,'_tion (with some remote foreign locations being far more expensive [U.S. DOE 1989:8]), a separate
set of conversion cost parameters is used for each region.2t

Many processes were added to explicitly track the set of alternative motor fuels. Included are
processes producing methanol and ethanol.based products, pries tracking the use of residual fuel
and gas in the production of electricity for vehicles, and processes for producing and blending MTBE
and ETBE with gasoline. Ethanol may be produced only from grain (corn), with a process to be added
later for ethanol from cellulosic biomass. Detailed processes trackingLPO from natural gas plants and
representing competing demands for LPG are also under development.

2.2.5 Transportation Activities

While each AFTM region is compz_,_edof one or more countries, for the purposes of
transportation analysis each is treated as a single point. There are no intra.regional transportation costs,
This practical simplification means that there are no transportation costs for trade between member
countries of the large "ROW" region. However, _ _ distinguish between "wholesale" fuel prices
at U.S. ix_rts, wellheads or plant gates and "retail" prices for final products after distribution to the
consumer,z2 Thus some intro-U.S, transportation costs are accounted, while the U.S. is treated as a
single demand market.

:_t.Z4Oandmethanollnput_utputand _mc_entsarebaseduponChemSystemsTechnicalReport Three,
"_meot ofCostsandBenefitsofFic0dbteandAlternativeFuelUseintheU.S.TransportationSector",November!989.
ForLNG,thestudyemployeda 20%capitalchargerateandtheproductioncostequationsshownonp.33. Formethanol,
thestudyemploy_anadvancedschemetechnologytoproducefuel-grademe_anolfromnaturalgas,at 10,000MT/day,
witha20%fizedchargerate(TableI.lS,p.17).Chemical.grademethanolproductionatsmallerscale(2.500MT/day)would
havecapital_tndothervariablecosts(cxcludin8 fuelandfeedstock)ofabout30%-50%higher,dependingupontheregion
andtechnology.Totalcostofsmaller-scalechemical.grademethanolproductioncouldbeabout15%-20%abovelarge-scale
fuelgrademethanolproduction(Table].13,p.16),

2tAcrossregions,capitalandOl_ratingcostsofmethano_production(excludingfeedstockandfuelcosts)areestimated
to varybyabouta factorof two($0.16/gal)[U.S.DOE1989:16].

ZZTheaveragecostsof transportationanddistributionofmotorfuels(gasoline,MI00,CNO,etc.)arereflectedinan
specialmarkupprocesswhichaddstothecostoffeedstockfuels.
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Transportation links are defined between the principal expected trading partners. All feasible
transportation activities, except one, have no upper limits. It is assumed that in the 2010 long-run

- equilibrium, sufficient tanker, pipeline and terminal capacity would be built to allow unrestricted fuel
shipments, in situations where it is cost-effective. The exception is the U.S. importation of LNG. Under
the standard model assumptions, U.S. LNG imports are limited to 1.1 TCF/year. 23 This constraint
reflects the base assumption (for the purposes of this study24)that a significant expansion in U.S. LNG
imports is unlikely by 2010, given the difficulties in siting LNG terminal facilities.

The only explicit gas pipeline links are between the U.S. and Canada. An implicit gas trade link
exists between Western Europe and the USSR (implemented as an exogenous supply source for Western
Europe). The possibility that remote undeveloped gas from the western formerly-soviet republics may
be. piped to Western Europe is allowed as an optional transportation link (not included in the cases
presented here). Petroleum trade is possible between OPEC or ROW and the four main demand
regions (U.S., Canada, Japan, and Western Europe). Petroleum can be traded either as crude oil,
distillate fuel, gasoline, or residual fuel oil, OPEC, ROW and the fifteen remote foreign gas regions can
export LNG to the U,S., Japan, or Western Europe. Methanol trade between the remote foreign gas
regions and the U.S. is modeled. LPG trade will be represented, but is not competed for this report.
Foreign ethanol production and trade is omitted.

The estimated costs of transportation are fixed on a per-unit basis. They are calculated based
on the transportation mode and the shipping distance. Oil and gas trade between the U.S. and Canada

,. isby pipeline. Petroleum product trade requires special tankers, and is two.or-more times more
expensive than crude shipping. LNG and methanol transport costs are based on a detailed analysisof
the capital and operating costs of the associated tankers, and reflect bunker fuel costs and the mileage

" between closest major port cities [U.S. DOE/Chem Systems Inc. 1989, British Petroleum 1976].

2.2.6 Energy Product Demands by Region

AFTM models the final demand for each end.product fuel by downward.sloping constant-
elasticity demand curves, with the form:

23Asa technicalmatteritwassimplertoimplementtheU.S.LNGimportconstraintasa limiton U.S.rega,siflcation
of LIqG,Thisyieldsthesamematerialbalancesas itjointconstraintonthesumof allLNGshipmentsto theU.S.. Italso
impliesthatthebenefitsofaccesstothelimitedforeignLNGaregainedby U.S.terminalandregastllcatlonfacilityowners,
notLNGshippers.Whenimportsareconstrained,e.g.bya quota,theexporter'spriceisdepressedandtheimporter'sprice
tsrakugl.It is ambiguouswhoreceivesthe"rent"associatedwiththepricedifference,theexporteror theimporter.The
benefitscalculationin AFTMassumesthattherent(amountingto almut$13/BOE)isgainedbyU.S,LNGterminalsand
regastflcatlonfacilities.Thatis,theU.S.LNGimportingfacilitiespaythelowerworldpriceforLNG,whichis regasifledand

• ultimatelyresoldat thehigherdomesticgasprice.Theregulationofsuchfacilitiesascommoncarriersmaycausetherent
tobepassedonto gasconsumers.Thesocialcostof a U.S.LNGimportconstraintwouldbemuchgreateriftheassociated
rentweregainedbyforeignparties,e.g. if the LNGterminalorregasificationfacilitywereforeign.owned.

is

24NationalPetroleumCouncil'sNaturalGasStudynowunderwaymakesa similarassumptionregardingprospective
LNO _nports.
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Q,. (2) .

2.2.7 FuelSubstitution

For each region and end product,the user indicates a reference price.quantity pair, and also an elasticity.
These three parameters are sufficient to define all other points along each demand curve.
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AFTM considers the opportunities for fuel substitution through vehicle type choice, fuel choice
by flexible-fuel vehicles, and fuel choice in industrialor utility boilers. These substitutions reflect both
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long.term investments and short-term fuel switching. In each substitutable market, two or more close
substitute goods compete for market share. The substitutable goods are combined to satisfy demand for

. a composite good. The substitutable markets are:

Passenger Motor Vehicles: Conventional Gasoline Vehicles vs. FFWsvs. AFVs.
Industrial and Utility Boilers: Natural Gas vs. Residual Fuel Oil
Alcohol Flexible.Fuel Vehicles: Methanol (M85) vs Ethanol (E85) vs. Gasoline
CNG Flexible-Fuel Vehicles: Compressed Natural Gas vs Gasoline

Substitution between oil and gas in the industrial/utilityboiler market establishes an important
connection between the prices of petroleum products andgas.based products. The degree of switching
byflexible.fuel vehicles determines the marketpenetration andsuccess of alternative transportation fuels
such as methanol. For substitutable-fuel markets, a logit function relates the market share of one fuel
to it_ price advantage the others. The logit function follows the commonly used "S-shaped"curve for
market penetration (shown in Figure i), where small changes in the price advantage lead to only small
changes in market shares. The logit model avoids the "penny-switching"assumption that is otherwise
inherent in least-cost linear programming. Furthermore, the logistic market share is consistent with the
aggregate outcome of least-cost fuel choices by numerous individuals,each facing slightly different fuel
prices and valuing the fuels somewhat differently, provided the distribution of fuel prices follows a
particular form [lloyd, Phillips and Regulinski 1982, McFadden 1974, Train 1986].

Boilers may substitute between natural gas and residual fuel oil, with natural gas being the
preferred fuel if prices are clme. Figure 1 shows the two.input (binomial) Iogit function used by AFTM
to define the share of natural gas comumed in boiler fuel markets. According to the parameters used,

" when natural gas is at a significant price disadvantage (-$8/Barrel Oil Equivalent), its market share in
the U.S. is about 10%, and its market share in other regions is about 15%. Gas achieves 50% market
share when it is at a $2.5 price disadvantage in the U.S. and when it is at a $3.5 price disadvantage in
other regions.25

Alcohol flexible-fuel vehicles and CNG dual.fueled vehicles may substitute between alternative
fuels and gasoline, according to the relative fuel prices at the pump. The fuel choices of multiple-fuel
vehicle owners depend upon fuel availability,vehicle performance, range, refueling convenience, andfuel
price [Greene 1990,1993, G-olob_L.(II.1992]. For example, methanol andethanol fuels maybe generally

2"_l'heboilerfuelprlc¢diff©rcritialsarebasedontheindustrialpriceofresidualfueloilandthedeliveredutilityprice
" ornaturalgas(about$1.4 MCFaboveWellhead),Thereisnoexplicitfinaldemandforboilerfuelsinnon.U.S,regions,so

theforeignboilermarkets(andforeignopportunitiesforfuelsubstitution)arelimitedto theboilerfuelrequirementsof the
refiningindustry.
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lessconvenientthangasolinesincetheyofferashorterrange,_t theyhavea positiveimpactt)nvehicle
performance.2_Theyalsomay beper_ivedbyconsumersasenvironmentallyattractive.IntheAFI'M,
theattitudesofconsumerstowardthesenon-priceattribut_offlexiblefuelsarerepresentedinthe
parametersofthelogisticmarketsharefunction.Fuelavailabilityisessentiallya transitoryconcern,
expectedtoberesolvedforfuelsinsignificantdemandbytheyear20i0equilibrium.Our approachis
toassumethatfuelavailabilityisnotaproblem,buttorecogni_thattheAFTM manyover.estimatethe
marketshareoflittle.usedfuelswhosepenetrationareon theorderofonepercent.

Undercurrentassumptions[(3reene1993],theimportantnon-pri_attributesofpoorerrange
andimprovedperformanceroughlycanceleachotherforalcoholfuels,withmethanolcomingoutslightly
lessdesirablethangasoline,andethanolcomingoutslightlymoredesirable.Thisimpliesa g_atdeal
ofswitchingandpricesensitivi_when thepriceofmethanolorethanolisneatthepri_ofgasoline,
The fuelsharesassumedforequalfuelpricesareshowninTable2.2.

.... liIIII -- IiiI .... IiiI I -- _ _ II IIL[I _ _ ] I _ ........... J.

Table
andDualFuelVehicleChoke R__ V_

Alcohol F'l_ble Fuel Vehicles CI',,I(2Dual Fuel Vehicles

Fuel Input Equal-Price Pdce Elasticity Fuel Input _ual-Price Price Elasticity
Shares of Shareat Shares of Shareat

50% Share 50% Share

Gasoline 40% .12.5 Gasoline 85% -5

E85 42% .12,5 CNG 15% .5

M85 18% .12.5
.............. Ill ....... I ................. V ...................

Refueling with CNG may require additional time and effort, and rangeunder CN(3 may be reduced by
about two-thirds[Greene 1993]. Accordingly,at equal prices, CN(3 dual-fuel vehicle ownen may i:h_
CNG as little as 15% of the time. As the price advantage of the alternative fuel over gasoline increases,
an increasing proportion of consumers wil_accept the inconveniences of the alternative in order to nave
money. However, since CNG and gasoline are more dissimilar than alcohol fuels and _asoline, a Ic_ver
price.elasticity of share is used for CHIC;dual-fueled vehicles than alcohol FFVs.

Let o_ represent the quantity-based market share of a substitutable input i, qj its quantity, and
P, its price (or its price advantage over some reference product, since onl_ price differen_ matter),
A Iogit function with n inputs _ governed by n+ 1 t;onstsnts at and ,e.z' The offset parameters a_
determine the input i marketshare when all input prices are equal. The steepness parameter p

2bMethanolandethanolprovidelessdrivingrangethananequalvolumeof _llne, hencerequirer_re frequent
refueling,anda potentially longersearchto rinda refuelingstation.Bothoffer Iome performanceadvantages,with !l_tr
higheroctaneallowingapproximately8%morepower[U,S.Departmentof Enerl_I_:19].

2"tOfthe n offset parameters _ only n-Iare independent due to the constraint thai shnre_ mutt add to 1,0,
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determines the slope of the logistic function with respect tO price at that point. Therefore, the
multinomial logit (MNL) sharing relationship is:

(3)
• aj°ppl 1

glt -

E est'PPt 1 . E e(%-al)*P(Pt'PJ)
k k,q

To impose this market share relationship on the equilibrium outcome generated by the AFFM
optimization approach, a sharing cost C"is imposed. For each composite good, the sharing cost depends
on the vector of all its inputs q, or rather their L'elativeshares a. It reflects the costs of adjusting input
shares toward aa unbalanced mix, or may be seen as the benefit of maintaining a diversified input mix
[Anderson, DePalma and Thisse 1988]. The sharing cost function used assures that the competitive
equilibrium market shares for substitutes vary with price differences in a manner that conforms to the
desired (MNL) sharing function (Eq 27)._ Furthermore, this sharing cost function has three desirable
properties [Leiby and Greene 1993]:

1. At the equilibrium solution, relative input and output prices depend only on shares;
2. The equilibrium price P,, of the composite good to which the shared inputs contribute is equal

to the share-weighted input prices plus the unit sharing or utilization cost U(a).
3. The sharing costs estimated by the model at the equilibrium are consistent with a widely used

" and theoretically justifiable technique for measuring the welfare effects of price and quality
changes in discrete choice situations [Small and Rosen 1981]. Thus the estimated sharing
costs are properly included in the assessment of total economic benefits and costs resulting
from the introduction of alternative fuels.

2S'l'o define the sharing c_t function, we begin by defining the unit utilization or unit sharing cost U(o). This is the

sharing et_t im_ for every unit of sharing activity (i.e. per unit composite gotxl produced), when the input shares are a:.

k

The arbitrary integration constant V may be used to set unit sharing cost equal to zero at its minimum. This follows the

approach adopted by Manne [1990], for the binomial Iogit ease. The multinomial Iogit sharing cost approach here reproduces
Marine's results in the special case where n = 2. The total sharing cost function for each composite good (which is a

particular solution to the representation of the muitinomial Iogit in the optimization framework) is then:
r,,

It

k=l

c'(q3= -; + v qk
k.!
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In AFTM, the composite mixof fuels resulting from a sharing function is treated like any other
good. For example, the total fuel demand by flexible.fuel vehicles which can switch between alcohol
fuels and gasoline is associated with a demand for the composite fuel "AIcG. The demands for the
composite goods are like any other demand function in AFTM, exhibiting a constant elasticity with
respect to its price. Thus the demand curve for the composite transport fuel AlcG determines the total
fuel consumed by alcohol flexible-fuel vehicles, and the logit functions determine the actual mix of fuels
which is chosen to meet that aggregatedemand level. Accordingly,the consumer surplus calculatedfrom
a composite fuel demand curve is used to calculate the welfare effects of a change in price of the
composite fuel (from a change in the average price of irputs), while the consumer utilization cost
function C"(o) is used to calculate the welfare effects of a change in the relative prices of inputs (as
reflected in input shares o).

2.2.8 U.S. Vehicle Service Demand and Passenger Motor Vehicle Choice

The AFTM is drivenby final demand curves for vehicle services invarious categories, rather than
by final demand curves for specific motor fuels. Motor fuel demands and vehicle demands are both
derived from the vehicle services demands. By vehicle services demand, we mean nothing more than
the equivalent of Vehicle-Miles Traveled, which translates into vehicle demand based on the assumed
miles traveled per vehicle per year, and translates into fuel demand based on the assumed efficiency
(Miles Per Gallon) of each vehicle category. Vehicle services demands are differentiated by whether
they occur in a reformulated gasoline region or a conventional gasoline region, since the competitiveness
of AFVs depends strongly on which type of gasoline they displace.

To allow easy specification of vehicle services demand in a fashion consistent with the Annual
Energy Outlook projections, the AF"TM uses units comparable with the fuel demands in non.
transportation sectors. Specifically, rather than stating the final demands for vehicle services ir_annual
vehicle-miles traveled, they are stated in units of Barrels of Gasoline Equivalent (BGE) consumed in
travel per day. In each scenario the reference quantity of vehicle-services demand for all vehicle types
adds up to the AEO93 passenger motor fuel demand projection (8.52 MMBGE/Day). The flows of
vehicle services are produced from a set of conversion processes, each of which takes in one BGE of
the fuel appropriate for a particularvehicle type, adds the amortized vehicle capital charge per barrel
for that vehicle type, and produces one BGE of transportation services. Differences in vehicle energy
efficiency are accounted in the amount of energy for each fuel type required to produce one BGE of
that fuel. The amortized vehicle charge per barrel is determined given an assumed vehicle cost, vehicle
lifetime, annual miles-traveled per vehicle, and vehicle MPG.

The AFTM includesanoptionformakinglong-runpassengervehiclechoiceanendogenous
marketoutcome.Vehicleservicesfinaldemandsmay beexpressedascompositedemands,whichare
satisfiedbysomeendogenouslydeterminedmixofvehicle-specificserviceflows.Forexample,composite
demandina reformulatedgasolineregionmay besatisfiedbyanyAFV orbya CV usingreformulated
gasoline).Inthiscase,themixofvehicleschosentosatisfya compositevehicleservicesdemand is
governed by a logit equation. Alternatively, particular vehicle-type services demands may be specified
directly (e.g. demand for electric vehicle services). In characterizing endogenous vehicle choice, we
restrict attention to the comparatively homogeneous demands for private passenger vehicles and
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passenger vehicle services (transportation). Fuel use by commercial fleets and heavy-duty vehicles are
accounted in separate fuel demand curves, which are modestly price-sensitive but offer no mechanism

- for direct vehicle or fuel substitution.

For simplicity, passenger vehicle types are differentiated only by their fuel use capabilities, and
their associated range, fuel economy, environmental and performance attributes. The consumers'
discrete choices among alternative vehicle types are represented with a muitinomial logit sharing
function. Since this is a long run model, we abstract from questions of vehicle vintaging and scrappage
rates. The time period elapsing between now and the modeled year (17 years) is long enough for the
static equilibrium approach to be reasonable, provided alternative vehicle penetration is not dominant.
If the AFTM scenarios suggest that alternative vehicles dominate, then omitting vintaging may be
questionable.

For each scenario, the AFFM calculates the number of AFVs implied by the equilibriumlevels
of demand, and reports the total increr,lental cost of AFVs. Note that both the vehicle production costs
and the sharing costs associated with vehicle choice gr.g included in the total cost objective minimized
during model solution of the market balances. Achieving a certain mix of vehicle types may require
market incentives or extra-market incentives (the latter represented by constraints on the model). If a
particular mix of vehicles is imposed, rather than selected as a market outcome, then the AFFM
objective function will reflect any implied vehicle costs and consumer utilization/sharing costs.

. In the vehicle choice analysis,a distinction is made between dedicated and multi-fueled AFVs,
since the consumer may view these vehicles differently, depending on relative fuel prices. Substitution
between gasoline and alternative fuels can occur both in the selection of vehicle types and in the

" selection of fuels by FFVs. The AZFM approach to vehicle and motor fuel use is illustrated in Figure
2, showing the nested choices of first vehicles and then the fuels for multi-fuel vehicles. The resulting
derived motor fuel demands are matched against the motor fuel supplies flowing from the rest of the
model. Additional numerical detail on vehicle attributes and choice behavior is provided in section 3.5.

2.2.9 Overall Structure of the AFTM

The overall structure of the AFTM is depicted in Figures 3a through 3e (a five-part diagram).
The ovals label commodity flows, for each of the fuels included. The boxes at the top of the diagram
depict primaryresource supply, and are inscribedwith supply curves. Conversion activities are depicted
as rectangles, with lines entering and leaving the rectangles representing inputs and products.29 Fuel
substitution is shown as triangles, inscribedwith a logistic curve. At the bottom are boxes depicting the
demand for final products. This structure is replicated in each main supply-demand region, with
somewhat less detail in non-U.S, regions. The transportationof fuels between regions is not represented
in the diagram.

, , ,l, _ _ ,,

• 29Thesmallnumberswrittenoutsideeachconversionrectangleindicatetheprocess'sinput/outputcoefficients.For
example,thenaturalgasliquefactionprocessLNG.Suses1.1BOEof naturalgas to produce1.0BOEof LNG,after
accountingforenergyusedbyrefrigeration.
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Vehicle and Fuel Choice in AFTM
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3. NUMERICALASS_ONS ABOUTMAKKE_ AND PROF.,
AND DATA SOURCES

o

3.1 BIRNCI'_O TO 1993AEO BASE CASE,YF..AR2010

The AFI_d supplyand demandcurvesare based upon the U.S. EnergyInformation
Administration's(ELA's)1993 Annual Ener_ Oqt_k (AEO) and 1993 Internat_nalEner_

basecase. Quantitiesareusuallye.xpreuedintermsof millionsof physicalbarrelsperday
(MMBD), withgas andLNO _re.__q_din MMBDOE (millionbarrelsdailyof fuel-oile_uivalent)iI
Finalmotorfuelsare alloxpreu_ in gasoline_uivalent units(MMBDOE).Pricesandcostsare
termsof 1990 U.S. dollars. Transportfuelsare pricedat the end user (retail) level, all other fuels
at the plantgate or wholmale level.

3.2 ASS_ONS REOARDINOPRIMARY___ SUPPLIES

3.2.1 _ _ OUSuppUm

Thereare sixcrudeollsupplyregions,plusprovisionsforoxoienoussupplyfromnon-market
economtm. The oll supplycu_ are shownin Figure4. OPEC crudeoil supply(subdividedinto

. OPEC-CoreandOPEC.Noncoresuppl:) isbenchmarkedwithEIA's[19931fore_:astsof capacity,
production,and pricm. _ assumedupper limitson Non-coreand Core supplyequal EIA's
maximump_uction capacityfocus forthe 2010. We assumethat'in the basecase' thereis

" _ capacityof 10 percent for Non-coreproducers. The OPECcore groupproducesthe
remainderof base.cw OPECsupply(useTable3.1).

._ • ................... ___ IIIIIIfl, __ |,,!, [__

i/k-_riMlle 110111oontent;forIM_definitionofoi1 equivalents [U.S. DOE, _rl)' infom_tionAdmlntstrltion,
t987:t2t,t23].

Fuel:

Dry natural Jim 1,03 MMBTU/I000 cubic tt
CruOeoil 5.80MMBTU/tmrrel
_t crude oll 8.67 MMBTU/tmrrel
Holy cru_ o41 8.116MMBTU/tmrrel
UJht-wod (50.20._0 composite 5,51 MMBTU/berrel
Residual fuel oll 6,29MMBTU/blu'rel

Conventional _ S.2SMMBTU/tatrrol
Reformulated _ S,I0 MMBTUfonrrel
MetMnol (nut) 2.62 MMBTU/barre!
Ethanol 3.54 MMBTtJ/txtrrel

LPO (propane.buLsne m_ure) 3.86 MMBTU/tatrrel
[K_suty_M 8,28MMBTU/tmrrol

e

For nxxot'fuels,enerly contentISmeasuredin fernyof lowerheattnlvalue,h'omthe ORNL TrananortationEner_ Data
13th Ed., Table BI,

11,

2For these Wustrtttlvetomes,OPEC axe is com_ of oountrim with slill_ltymore than hall of OPEC capacity: lnm,
Saudl Anltsia, Kuv,llit, UAE, andOaulr,
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Table 3.i
. OPEC Refercn_ and Maximum Supplies

............................ I I] I [Ii ......][ [_i III ....................... L ....... I ....... ii -

OPEC Non-Core OPEC Core
-_ L ]I nlllllnlilll..... 1111 II _ Ill l .... I [I ....... ]I ............. JIIL ...... [ [ ...... I[ I l]li I]

Reference Production 17.2 25.5
_ Z.._ I I lllllll[ _y ......... I11 II ............... ] JILIH ............

_pactty (Max Production) 19.1 26.8
] [II II[ II I[[ I [Ii III I irl, iii " JLL -- L ......

% _ Capacity at Reference 10% 4,6%
I__ j I _. " Z I II I IIII!iliii JLl [[1 .................. _Z ....

Reference Price ($/BBL! $26.69 $26.69.................. i I II IIIIIIII I 111111111 IIII11 I ............. II I111[111 IIIIIIIII I [ IIII I I I

3.2.2 lt._ NaturalGas _pplks
i

Foreign sources of naturalllaSmay provide important supplies of feedstock for methanol or
LNO. They may also affect world oll and gas markets and influence the value of other motor fuels
such as CNG or LPO. The mat likely source of large new quantities of gas over the next two
d_dm is known, but yet undevelo_, foreign delxmits of nonassoctnted gas. AFTM natural gas
supply is subdMded into two categories: supply from develo_ gas rese_ in the model's six main

. regions, and supply from undeveloped,non.umciated gas in over 30 distinct nations,

3_ Gas Supply _ i_wdOlXXfR_ in Main AFrM Reltom

Gas supply curvet were specified for gasfrom developed reserves in the 6 main supply-
demand regions. Where Information was available, th_ curves were matched to U.S, DOE
projection in the Annual Energy Outlook 1993, International Energy Outlook 1993, and Nat!onal
Energy Strategy working documents. OPEC and ROW have upper-bound, reflecting self-imposed
cartel limits and the assumption that ROW is producing at-or.near its maximum capacity. The DOE
AEO/IEO proje'tions do not include undeveloped nonassociated gas. Thus the cumulative potential
supply from countries in this category is supplemental to DOE gas supply estimates.

3.ZZ3 Natural Gm Supply From U_ Non._ted Gas in Remote Foreign Regiom

Undeveloped gas fields are defined as those in which no production has taken place, nor
is any scheduled to start in the next two years,s Undeveloped, nonaasoctated gas reserves constitute
about 50% of total known gas reserves in the most promising countries [Haverkamp, Springer and
Vidas/EEA 1991:1.3]. As Figure 5 shows, a few countries in the Middle East dominate the reserves
in this class. Some of these countries may limitexports due to domestic demand, domestic instability,
foreign policy considerations, or cartel designs.

,. II III] I IIJL ......... ....

• _Our inventoryof undevelopedbids wasatenm_dto trclude tersenon--ted _ fieldsthat have production
utllilgnll_ II11111111friction of tllelr potential OilplCtty.Urldeveloptgl _rvel tn thole Ilekll were eiltlfrllltedtO Includeonly

reserves IMt _ remain aher l_ current _uctntl wellsdeplete." [tlaverlmmp, Sprtnlterand Vldas/EEA, 1991:2.1]
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For potential importantsupplier nations (see the listing in Table 2.1) the volume and
development_ts for known nonassociatedgas reser,,eswere estimatedon a fieid-by.fieldbasis
[Haverkamp,Springerand Vldas_EA 1_)1]. Applyinga standardset of investmentand project
assumptions,a discountedcashflowmodelwasused to determinethe net presentcost of developing
each majorfieldper thousandcubicfeet (Mcf').This informationon field-by-fieldcostswas usedto
constructcountry-specificprice.quantitysupplycurves. Some of the resultingforeignsupplycurves
for remote, undeveloped,nonassociatedgas are shown in Figure6. They indicatea substantial
quantityof low.costgasfromnewsources,particularlyQatarandSaudiArabia.Insome cases,where
the cost of gas productioniseven below the valueof the associatedcondensateliquidsand natural
gas plantliquids,the priceis constrainedbyan arbitrarilyimposedflooror $0.25/Mcf.

3.2.3 Bio_ _tc_ Supplyfor Bthanol

A simplevariable.elasticitysupplycurveForgrain-ethanolfeedstockmaterialswas fit to corn
supplyr_po_ data,whichwere nearlylinearin price[LelbyandTurhollow1992]. The estimates
werebasedon publishedreportsand_riments withlargeagricultural.economicmodelssuchasthe
AiFiculturalSimulationModeland theAgriculturalR_urces InterregtonalModellingSystem. The
supplycurvesindicateda risingcostof ethanolsupplyfromcorn. The competinguses forcorn,corn
by.products,and farmland,all contributeto large-modelresultswhichsuazest a fairlysteep corn
feedstocksupplycurve. As productionof feedstockincreasesfrom50 thousandto 1 millionbarrels
of ethanolper day,feedstockcosts (excludingthe oil and gasfuelsne.t,ded)rise from$0.49/gallonto
$1.14/gailon. Giventhe limitsof availablemodelingresults,the estimationof the marginalcost of
cellulosicbiornassfeedstockproductionwasdeferredto s laterstage in the project.

3.3. ASSIGNS RBGARDING SIK,BCY[_ CONVERSIONPRIES

3.3.1 BthanolProductionfromCorn

In additionto grainfeedstock supplyestimates,conversioncost estimates and input.output
parametersfor the grain-_ "thanol conversionprocesseswere constructed. Unit conversion and
oil/gas fuel costs add about $0,87/gallon,so the total plantgate costs of ethanol from corn supply
range from $1.36/gallonto $2.01/gallonover the productionrates considered(SOthousand to 1
millionbarrels per day). No subsidyis assumedfor ethanol,since the currentsubsidizinglegislation
willhaveexpiredbyyear2010. Theconversionparameterstrackfeedstockuse andthe consumption
of oil or gas.based fuels duringcrop production,shipment,and conversion. For every BTU of
ethanol from corn, 0.14 BTU of naturalgas and 0.06 BTLIof distillateoii is used. Coal is the
principalenergyfuel used, but it is not explicitlytrackedbyAFI_. Rathercoal use is includedas
a per.unitconversioncost.

3.3.2 CrudeOil Refining

The refinery submodel is an importantcomponent of AFFM, describing the costs of
producinggasolineandother petroleumproducts.The refinerysubmodelalsodeterminesthedegree
of fic_bility with whichrefineriescan compensate for reducedgasoline demand by increasingthe
supplyof heavierproducts(such as residualor distillatefuel off). Given its importance,a compact
but moderatelydetailedrefinerysubmodelwascreated to approximatethebehaviorof the large.scale
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refinery pr_ model, ORNL-RYM [HadderandLeiby1992].Tneextreme._int methodwM used,
wherebythe largeORNL..RYM refinerymodelw= drivento maximizethe outputof eachprtgluct
in turn, generatinga seriesof extreme.poinu. The extremepoint input-output¢ombinatiomand
costs benchmark the AFTM refinery submodel, and the feasible operating range of the refinery
system i.sapproximated by all possible convex.combinatiom of extreme points.

Two categories of crudeoil can be prtgessed: a composite liBht.t,weet crude,and a com_ite
heavy.sour crude. There are thr_ btatc refinery configuratiom, varying in equipment complexity.
For each refineryconfiguration there are several modes of operation to capturesome of the flexibility
of refiners to adjust o_rattom for market conditions. The modes allow m_mization of a particular
fuel output. The refineries producefive products:conventional g_line, reformulatedg_line,
distillate (which includeskerosene,jet fuel and distillateoil), L,PG, and other producti (which

I,

includes residualfuel andother refineryproducts).



3,3.3Conversionof ElectricityforElectricVehicles

Only a very simple representation of electricity generation is included in AFTM. A process
for electric vehicles converts gas and oil (and other fuels which are not tracked) into electricity.
Based on a DOE analysis of the expected 2010 generating mix for the regions where electric vehicles
are likely to be introduced [DOE/Massell memo 12/9/91], each gallon of gasoline displaced by electric
vehicles typically requires 0.16 gallons of residual fuel oil and 0.23 gallons (fuel-oil-equivalent) of
natural gas for generation. It is estimated that electric vehicle electricity requirements are 624 KWH
per barrel gasoline-equivalent displaced [DOE/Massell memo 12/9/91]. Marginal electricity costs,
excluding off or gas fuels but including distribution, are estimated at $0.0258/KWH ($16.21/BGE).

3.3.4Motor FuelMarkup Processes

Simplecost-markupprocessesrepresentthedistributionand retailcostsforeach motor fuel.
They alsoconvertfromphysicalunitstobarrelsofgasolineequivalent(BGE). Distributioncostswry
widelyby motor fuel,due to theirdifferingenergy densityand handlingrequirements.The
distributioncostsusedar_basedon estimateby theInteragencyCommissionof AlternativeMotor

Fuel'sFirstInterimReporttoCon m'ess[1990:pp.4-13 4-33].M85 distributioncostsarea weighted
averageofgasolineand M100 costs.LPO distributioncostsarea 50:50averageofM I00and El00
distributioncosts.Reformulatedgasolinecostsincludea small($0.01/gal)markup oeyond thatof
refineryreformulatingcosts,toreflectthe extracostsofgasolinereformulation,whichcannoteasily
be imposedatby theAFFM refinerysubmodel.

m I'I' III I'III ,,

Table 3.2

Motor Fuel Distribution and Retail Markups 4
S/Barrel Gasoline Equivalent

.--. , " .ill i H ill,,II i i i.,ll _ll, iI j i .,i i

Gasoline Reformulated M100 M85 El00 E85 Oasohol CNG LPG
Gasoline

,H i, ,i i i t HI , , , JL Hll, i

18.48 19.90 24.36 22.83 20.71 20.24 18.48 !33.94 22.54
i iij[ i ii _ I1"_i; ..............

3.4 ASSUMFNONS REGARDING FUEL SUBSIT1XTFION

The AFTM input parameters specify how fuel market shares are related to their respective
price differences in the boiler fuel and substitutable transport fuel markets. To benchmark the
multinomial logistic functions for each substitutable market, one point (a vector of price differentials
and market shares) and the slope of share with respect to price for one good are specified. For the
U.S. boiler fuel market references prices for residual fuel and natural gas are taken from the AE093.
It was also assumed that half of industrial section residual fuel demand and all of utility sector
residual fuel demand will be substitutable over the time horizon of this analyses. Half of industrial
sector natural gas use and 2.5 TCF of utility gas use were also classified as switchable. This implies
a base gas market share of 81% of boiler fuel for a gas price advantage of $1.4/BFOE.

4F..stimatesarc beingundatedfor thesubsequentEnergyPolicyAct Section502bstudy.



3.5 ASS_ONS REGARDING VEHICLE COST AND CHOICE

. The capitalcostsof the alternativefueldistributionsystemare reflectedin AYFM asadded
markup termsappliedto plant-gatemotorfuel costs.The fixed costsof thealternativefuelvehicle
fleet are alsoincludedin the AZI3VI energysystemcalculations.These vehiclecostshavebeen
estimatedby the InteragencyCommissionon Alternative Motor Fuels[ICAMF 1990]and Wang,
SperlingandOlmstead[1993],basedon a seriesof technologyandfuel-specificstudies. As part of
this studyin responseto Section502bthe EnergyPolicyAct of 1992,the vehiclecostestimatesare
beingrefined.

In the AFTM, vehiclecapital costsare determinedbasedon the demandlevel for vehicle
servicesbyeachAFV category.Table3.3belowsummarizestheaverageincrementalcostpervehicle,
and other vehicle attributes. The AFTM may be usedto considerwhat policiesor financial
incentives,if any,maybe necessaryto ensurethe purchaseof a largeAFV fleet. The consumer
utilityor disutilityassociatedwiththe purchaseof anAFV ratherthana conventionalvehicledepends

i on the vehicle type and is somewhat uncertain. However, the tradeoffs among performance, range,
refueling time and convenience could imply either a modest benefit or an added cost of up to
hundredsof dollars per vehicle. The consumer cost component estimates in Table 3.3 apply only to
private vehicle owners using vehicles in a fairly traditionalway. While these estimated vehicle shares
d_pqallot for some variation across consumers and their situations, they may not account for special
circumstances justifying the purchase of electric or dedicated CNG vehicles in the eyes of a private

. consumer.Ifthisisthoughttobethecase,thenthevehiclechoicefunctioncanb_constrained,or
a separatedemand forthosevehiclescanbeintroducedoutsideofthevehiclechoicefunction.The
AFTM vehiclechoicebehavioralparametersarestillunderdevelopment,anda rangeofassumptions

- willbeusedintheplannedlargerstudy.
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Fig. 6. Estimated Supply Curves for Undeveloped Nonassociated Gas
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" 4. MARKET CONSEQ_CES OF INTRODUCING
ALTERNATIVE MOI_R FUEI_

This chapter Illustratesthe types of results and insights which may be gained from the AFTM.
As an example it considers the introduction of an alternative.fuel vehicle fleet which displaces
gasoline. No policy implications are drawn because important model components, including those
relating to vehicle attributes and consumer vehicle choice, are still _ing finaIi_,

4.1 __OS CONSID_

principle scenarios are evaluated with the AFTM: Base and Multlfuel, The Base
scenario conforms to the U.S. Department of Energy's 1993 Midcase forecasts [U.S. DO_IA
1993,1993a]. The base scenario also reflects current legislation through the inclusion of mandated
fleet alternative fuel demand, and the reformulation of most gasoline. The multlfuel scenario
envisions new demands for gasoline substitutes, accompanied by a corresponding reduction in the
demand for conventional gasoline. The multifuel scenario considers the net replacement of 13
MMBD of gasoline with a suite of alternative fuels, as well as the oxygenation of most conventional
gasoi/ne._ To illustrate the AFI'M methodology, we examine the multlfuel case by _licttly
specifying the vehicle and fuel mix _.

To allowmeaningfulcomparisonof economicwelfare,all motorfueldemandscenariosin
are established in the same way. The demand for particularvehicles and fuels follow from

• the total composite demand for all vehicle services, in either the conventional or reformulated
gasoline markets. The demand curves for these two highly alup'egated commodity types remain
essentially fixed from scenario to scenario. The scenarios vary in terms of which vehicles and fuels
are assumed to be available to satisfy the composite vehicle services demand. With a completely
unconstrained choice set the AFI'M will select the equilibrium mix of vehicles and fuels which are
estimated to be the outcome of a purely competitive market. There are two basic mechanisms by
which the model may be varied from its estimated long run competitive equilibrium: constraints
(maximum and minimum) and incentives (taxes and subsidies). We will focus on the use of
constraints in this methodological report.

We can limit the use of any particular economically desirable fuel or vehicle through
maximum-use constraints. The model would then estimate the consequences and costs of preventing
a vehicle/fuel's use for policy reasons (e.g. environmental concerns). The max/mum-use constrained
model might also be used to characte_ the consequences and costs of falling to develop an
emerging technology which could be economically self-sustalnlng in the long.run yet may face

_. , ..... ,t ...... ,tit ,!L , r,

ZThe]nteral©ncyCommissionscenario,whileoriginallyintendingto displace2.5MMBDof oI1._ motorfu©tz,
' actuallytotaledonly2.28MMBD,Ofthiz,0.25wasdieselfueldisplacement,and0,52wasgasolinedisplacementbyLPG.

Oiventhetemporaryabsenceof a finalrelXe/zntattonforLPGin themodel,thisleaves1.51MMBDof gasoline
displacement.



ORNL.67?I
.... _ ...... IL _nliii rrlT1- i l i fl ii i i __lll_nm=!!tl,,,n I ..... ............. ..................................... II--*

=,

tramltionalobstacles,= _ternattvely,theme of a particularvehicleor fuel _ canbeensuredby
lmix_tnll mlntmum-meconstraints. Thee _nstratnu allowan estimateof the market costsof
reFlatiom whichpromotespecificfuel use.Thecomtrnln_ modelsalsoprovideestimatesof the
taxor subsidyneededto achievea particularlevelof vehicle/fuelme. Thesemeasurescan be
comparedthe withantlclpat_ non.marketconn_..quence_andcostsof fuel me (not measuredby

Whilean unconstrained= h= n largerchol= set than a ¢omtrnlnedscenario,andcan
avoidpotentiallyhigh.costmandate fleetmtx=, it isnot n=ariiy true that theU.S.benefits_11
be greater. The existence of external!tlesand non-competitivemarketforce, may mean thatthe
purelyuncomtralned(no new policy)marketsolution is not best for the U.S. Forexample, in the
unconstrainedmarketoutcomealternativefuels would be more likelyto replace(more ex_nsive)
reformulatedgasoline than conventionalgasoline. The pmslble environmentalgains from the
displacingconventionalgasoline are uncertain,but certainlygreaterthan the environmentalllaim
from displacing reformulatedgasoline. Of course, the AFTM does not include environmental
consequencesin its benefits measure.H_r, even in the contextof the marketbenefitsmeasured
by _ it is possible for the U.S. to be better-off undera constrainedscenario than a purely
competitiveone. A competitivemarketequilibriummaximizestotal worldwelfare but does not
necessarilymaximizeanyindividualcountry'swelfare. The d_rgence between individualcountryand
total world objectives is especiallyprobablewhen comumlng and producingcountries are large
enoughto wield marketpower. Thus a constrainedvehicle/fuelscenariowhichreducesU.S. oll use
below normal market levels _ pro_de greater economic benefits to the U.S. than the
unconstrainedmarketequ!librium.The meritsof the U.S. undertakingsuch oll impact reduction
policies depend in part on whether the nominal 'normal market' equiilbriumactually reflects
monopolisticsupplierbehavior.

4.2 BASE CASE RESULTS

The targetlevels for motorfuel use in the basecase scenario are given in Table 4.1. The
modest levelsof alternativefuel demandreflectcommercialfleet programs.In the model, the base
case demands for motor fuels were establishedby setting aggregatedemands for the composite
vehicle types in the conventionaland reformulatedregionsequal to the total demandfor gasoline,
CNO and alcohols in the basescenarios. Withinthe vehiclechoice functionsfor these composite
vehicleservices,the amount of each alternativevehicletype _ wasconstrainedto be exactlythat
quantityanticipatedin the Base Case. Thus, the use of alternativevehicleswasset at low levels in

- ....... ..... : o

2Asnlong-termequilibriummodeltheAFTMneltlzerrepresentsnorcalculatestilemagnitudeofpomtblctransitional.
impedimentstoalternativefu©luse,
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. Table 4.1
_ for the Year 2010

Target OHDbplacemenu and Motor Fuel U_e by Type _

I II I II .... J IIIII II I II I ..... 2'1 Tl1[ i) I "

Type Umd oa placed
_D CMMBD

]i1 I illll ( _TD II I f(llIII II t I[I I I ......

Electricity .116 0.116
..... lllll I I l ............... J I I Im[[. ' [ . .....

CNO .071 0.071
........ I - tl I Trllll[1111ll__.j

.0i7 0.013
........ II I IT fll I II III II I i ] _1 IIIlllflllf]lllf[I m!!ll [ I tl

MB5 .02i 0.016
.............. -.: [I IIII I . I iiii i ! I I J ! _ llrlNl!lll $!111111 iiii _ i

Mi00 0 0
............. [ I I Ill[ I ]Lf _l[ I II llll _-- 12. I II I 2LL

Subtotal Almho! (E85,MBS,MI00) 0.038 0.029
........... II I IH[111TII_III1_ r Imll I 111 I I I mfll III Im I1!_

. Subtotal, AFV Fueb 0,225 0.216
lit_ I II iii iii i il II iii[ _.

Oamhol (10% Ethanol) 0,196 0,014
.... |ll ..... I I f IIIII FILIlIIL fl I III [ I I Ilffl!llll I]lJ Jl II [ fll I I 111_ . Ill .....

" Conventional Gasoline 2.956 0
' t[nl I I tlllllll IIHI

Reformulated Gasoline 5,143 0
................. IIF II1! I 21 IIllllll IIIIII 3 ill Ill _ II

Total 8.520 0.230
......................... II I Illll ITI Ill IIflllll Ill I II ,, IIIll I I Ill ']'' I I! I I J_L -

the reformulated gu region (for commercial fleet _), and held to near zero tn the conventional
gasoline reglon.+

: _ :: .= : III+II rl lilt I! I
+

SAIternaltvefuel dcn'BndImmrtly due to lleet rmqulrcmmnm.

• 4_rtc vehicles (EVt) were _ntod with separnle demand curvet because the vehicle choice parameters adopted
implied that EV choice by private houlehoi_ wasunlikely, Thls iipproilch ill conllllont with the notion that specialsituations
and EV attrll_tm (ruth aa their t_eater e_ctency in conllesled traffic) may lead 1o their adopllon.
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The relltonal crudeoll aupplta andpricesmtlmnted by the AFrM b_ casematch the EIA
IEO93 referencevnlua reasonablywell. The equtllbdumnatural lu aupplyeJtimnta pnxlucedby
AFTM arezomewhathiiher thantheEIA referenceipusupplyvalues,sincetheyincludepnxtuctton
from remoteforeign naturalIlU reserveswhichare currentlyundeveloped,s

_-cme petroleumproductpricesintheU.S, aretime to the AEO93 referencelave¼,The
baserue pricedifferentialbetweenconventionaland reformulatedpzoline b 5.2 centsper li,llon
(seeTable4,2), wholesale,Whenwe accountfor the 3% lowerfinal enerlwof RFO, theeffective
pricedifferentialrtn_ to almoat12 centsper IlallonIPaoiineequivalent, E_ b quite expensive
($2.39/11al)comparedto Ituoline ($1._B/llal),sinceonlycorn.bued ethanolb represented.Electricity
b subitanttallybelowconventionalItMolinein price, ,AJIof theotheralternativefuels(someof which
areproducedin onlytrivialamountsin thehue caR) arepricedwithin10%of conventionalIluoline,
For moredetat¼on thehue cue marketoutcomes,seeTable4.2. Thb tableprovidesanexample
of the Idndof fuel.flowaccounttnllavailablewith AFTM.

In thebasecue theU,S, impom 10,9MMBD of o11,and 1,4MMBDOE (_._ TCF/y) of Ilu
(from Canada). Petroleumtradebetweenworldreiltorab virtuallyunrestrictedandoccurzat low
cat. AFi'M allowsunlimitedexpom of crude,lilthtproducts,andrmidualfueloil fromOPEC and
the ROW.* Petroleumtraraportationcoaticorrapond to about2.$% and5% of thedeliveredprice
of crudeoil and petroleumproducts,respectively.As a result,world petroleum prt,'.,m(excludtnll
taxes)are uniformacrou relltonzto within n few pert:ant.

In contrut with the uniformityof oil market|,there Isn wide_,lrlationin thepricesof natural
lira acrcmreitom, Thb b true in thebasecue, and Indeedin all ¢azm, The larle interrellionalIIM
pdce dtfferenttab are attributable to both hilth IIM traniportatton (:oiLsand the conztrained
opportunitkmfornaturalIIM tranzportation.The onlyexplicitlinksfor naturalIlU tradearebetween
the U.S. andCanadaandbetweenWmtern Europeandthe formerSovietrepublicz,Betweenother
relltonk IpS muz! be traded in the form of either LNQ or methanol, Thus the rejtonal pdcezof
naturalIlU are linkedby the opportunitiesfor ¢onverdonof iim to a moreexdly transportedform
(LNO or methanol),Its tramportationand its sul_xluent re-converzionto n final productsuitable
for consumption(naturalIlU, CNG or methanoltranzportationfuel, forexample),

The Ix)uibility of Ipa converdonto methanolandsulxequentmethanoltrade forbesanother
link betweeninternationalips pdc_, This link b somewhatmore complex,since the imported
methanolnevercompetesdirectlywith domesticnaturalIIM. It competeswith either domestically
manufacturedmethanol(from domesticills markets)or competeswith iluoline.7 The dbplmced

___1 iii .... ii1! __ E !L ._ ! : !llUi _ IlllllLL_ JUL

sAverap U,S, crudeprKmm |boul S0.20l_jllwr thanthe lEO_ projeetlon(m 1%d|fference), 111eU,S. law
il about 12%htthar thanthe AE093 ixojectloql.All t Omlil_Uel1_e,the ihare Orp UlOin the U,S _ler marketill _0
_t lowerthanthe referencelevelof 00%,

t_lo(e that in addition,_nade may_ crude|o the U,S. The lmumpllonof relatlvelyu_rni_ oll trndeii
coflllstentwiththe ionB.temlnatureof AI_,

?NaturalS,th_ methaflolLlflkbetweenMtural ps markelsis ineffectivewithout the pro_Jofl for at _t _ _1_1
demandfor rr_:thanol,bu_dpr_um,
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liuoltne Influencesthe heavypetroleumproductsmarket,and heavypetroleumpNucta compete
with liu in boiler fuelmarkets.

v,

TrIG Mt;'t.11}q.Jm. SC3_ARIO

Multlfuelscenario[U.S,DOE IWI]_ d_lo_ _ theU,$._E tom_t a tarliet
of 2_% displacementof htlihwaymotorfuelsby non.petroleumfuelsandfuel addtt_ bytheyear
2010. The Scenarioisdom4hedat comelenllthin the U.S. AlternativeFuels_mm_lon _nd
Interim Report [1991]. It isJumma_ in Table4.3. To moet-clcx0elyachievea particularplanned
mixof fuelor vehicledemands,theAFTM canberunwith constrainedlevelof useforeachvehicle

b the vehiclecho_ function.* _is correspondsto establishtnlia llut ofAFVs which b
comistent with the MuldFuel_na_ throulihreliulatiom or incentives._ comtratntswill alter
market prices,maktnli hJeiswhoa use is mandatedt_m _ _na_ and fuelswhole useis
rmtr_tod morn more expensive. The _i reports the "shadowcoat"of each corultraint,which
indicate,theaulix_ or tu whichwouldachievethe constra!_ _1.

4.4 _110NSHIP _ OASOIJ)_ ANDAL.TBRHAIIVB_ RETAIt.I_._I_

AJ:'rM estlmatm _petltlve marketequilibrium p_ for all rue¼, "l'nopricesof
alternativefuelsrelativeto liMoltnewill dependon whichfuels are helnli usedand to what extent,
liven enerly market interactions. This makesAF'rM a ulml'ultool whichllOesbeyondthe usual
stnliie.polntestimationandcomparisonof fuelcosts.Asdisc_ above,in the_ _ue, the prices
of _t alternativefuels are within lOaN,percentof the corr_entionallluoline price. Statistical
evidenceindicatesthatcomumeraarehtlihlypricesensitivewhencompartnliamonl 8r_ ofliuoline
or be_n liiuiolineretail outlets,sot_ _t pr_ differentialscouldatronlilyinfluencefuel
choiceor vehiclechoice, all other fatten equal. Of courseall other vehicle and fuel factors
(attributes)_ not equal,and the c_ of someof thosepdcm make, it more importantto
accountfor non-priceatt,ribu_ The priamof motor fuelsare all reported at the retail level (see
Tab_ 4.4). Auumpttormaboutthefueldistribution co0ts(i.e., thedifferencebetweenplant.pte and
retail cmts) arevo_ importantfor lame fuels, such U _tO andelectricity. Furthermore,the fuel
price, are exprouedin dollm per barrelof liwline equivalent,sotheyreflectdifference,in the net
usableenerliy(lower heatiniivalue)of the fuelsdurinlivehiclecombustion.°

tin prKflal, the total _ eu_ foroompoltteve_ _ (m both rtformutiltodand _rit_i ipilloiine
mIH'ktlt)won doflnldind the _ il_l of ill idternatlvo.futildvehldl sat hld. The le_! o1'conventlordllvehicleuse
m free, Iltthou|h iutmarket iiOtulioll_ quite _dole to the relrtfllnoojevei _ the Mutlifuel JalMrio_

eThe net uubie eneriilYof _ alxl M65 will dependuponiu end use, If ailedin dedtcttedvehicle, li pin of 5,15in
elTlcloft_mMti¢ipilttKI, If usedin PT'VI_I jam of 1% in ql_lt_ Hilltumod [M©NuII/DO_ 19931,The abovepr_ do
hal reflectthle iP.m,



ORN_771 4.1
--]__ _-- ___ ......T -_ ........... ]ll!Al|i_flnt........... ]_ ...... " _ ]_;_..........llmfl]..... ][L .... _._.]................................... rtrlIt...... L3

Table4,3
Mul_ _ for theYear3010

TarBetOil DbplacemenmandMotorFuelUsebyTypel°

'1'mall . _p _ _
• ml ................................................................. rl ...................

FUelUsed O0__ _ Used _ _p_

E..-J_trtcity 0.433 0.433 031? 0..1t17

_O 0._ 0._ 0.291 0.291
.................. :_ K IL2_I i: :_ : -: " :----_ -J_- ..... F.J (l I _,D . tilli rlr]l__-- L

0.314 0.249 0,298 0.2.t6
.__ --__. .... ___ :L ....--_[.3__7 ..... .j: - _ - ..... II J ] I[I]__ _, -_" 7-- _ .......... __ -- L__

M_ 0,848 0._7 0._ 0.611
] ...... _:_L.. .... [ i -- _ iiiiiiii _ " _17_-___ ..... ..... L_II _I --._.__ .................... ....... ____ '--_

. MI_ 0.001 0.001 0.001 O,_l
.......[ - ......:]_1 : II ..........- __.j ............. ....

SubtotalAlcohol 1.16,t 0,877 1,125 0,848
, ¢_,Ma_,M100) ..........

Subtotal,A,J_ Fueb 1.959 1,672 1.733 1.4:56
Irnl!:. -- .... Jr ...... _IIT_I . -- L_ " .... J [IIFIII-- __ "- ..... IlLL ]_L11III _ gill

O_bol (10_ Ethanol) 0.920 0.06,t 0.723 0.050
-- i[1111111 Jil£ i _ --'"" .-- ........ :] __ ..... t i _l t __

ConventionalGasoline 0,873 0 .Z0_I 0
,,,, __. __ .__ _. _.......... _ ]......... _ r - rll ][ .... ii11111 - - . .... []1 i ii IIIlllII IL__ I!ITI[ I....

ReformulatedOuoline 4.769 0 .0.374 0
----: _I_ .......... llllFllllI _ 3J .... ILI_ _..L .... -- _ [llllll II I IUll I ____ .__

Total 8.520 1.736 0 '1.5_
lllrlr_- -- ._ -.................................................. ---. -- .....

' Note:ThemullWuel_oenarlowilloonuttntn lddtllonnl0.5MMBD _ ditphloemenl1_ LPC),for I tol|l
_ment of 2,0 MMBD, 'rl_t portionor denumdwuJIncludedInJmott,qefo¢thisexperinunt,whilethe LPCt
__nu oftimmodelm underdevelopment.Themuit_l ummrmidmmnt_lmtmclmelfuelOUpmmment,
amU_uOIOlure.

........................... rmu..... t .......... , .... i Bill t t .... r I

t°S_ U.S.DOE[l_ll, _ U.S.InmmiP___ onAlternat_eFueU[IWI:'7l,

..... ---- ,, I, tttiI _ vmnmtl IIUill II/]i I Ill II I II I ............
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Table4.4
EllbalLedMotorFuel_ _ AJJ

(iteu¢,SmOg)
Fuel 6me Mul_i

to Varlet
Vehkle A

I 11 ....... I I IIII I _ _ _ ........

_ S2.12
-- ,.................................. . .................... I .............. -- . ...... _..

Itoformulated_ _92 61.37
.................................. /!: ......... I --: I1[1_11I I I I JLI

_O $4,_ 54.77
"_ __ Illllll ] I I I III III I Z I II II /H i

M_ 56.48 _,_
.I__ I ..... f I Illlllllllll ]Ill!ll ...... flll l _.._L_ I II --

1_._ 113._
I JIIII]]I IT) I III .......

26.77 _.61
II IIII iiiiiiiii II ....... II I I .....

61.57 57.33

When many fuelJ are introduced tn the Multifuel scenario, the equilibrium adjustments tend to
narrow _rther some of the motor.fuel price differentials. AJ gasoline (and oil) it displaced its price
declines. In the multifuel scenario the gasoline price ls nharplydep_ by the fixed limits on
ptoUne me. The prices of ethanol and methanol-breed fuels rise u demand _an(b. CNG pries
and electricitypricesare lessaffected.

4,$ 'l"rl_ LEVEL OF EACH __ AND MOTOR _ USE

Given the options for endollenousvehicleand fuel choice,one may examinethe purely
competitiveoutcome(whichmayinvolvefewor manyAl.:'v'a),_lore theel'rectaof vehicleandfuel
subsidieson vehicle andfuel choice,or conJ!derthe mandatingof particularvehiclefleets through
regulationortomeotherumpecifiedinstrument,_e Multifuelscenariocomideredherecorresponds
to this last option. The mixof vehicle types and the fuel me by FFVmwas im_ exogenously. The
resulting pattern of fuel.use by vehicle type essentially conforms to the multifuel scenario target fuel
levels (see Table 4.5). CNG is used in dedicated vehicles, a cheaper option than dual.fuel vehicles
if the market is forced to _ CNG. Although the price of CNG is close to that of gatoline, given
the significant vehicle cost and range penalti_ mumed (Table 3.3), touring its use may require large
incentives. The CNG vehicle use constraint in the multtfuel scenario is estimated to he equivalent
to at subsidy of $0.92 per gallon gasoline equivalent. This subsidy is in the same range as the
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estimated non.fuel cmts of CNO vehicle _ in Table 3,3, The use of electric vehicles would also

requiresubstantialincentives,buttheirmagnitudecannotbe emilyestimatedfrom A_, sincethey
are treated outside the vehicle _rvices choice function,

The E85 andM85 targetsfor themultifuelscenariowerecombinedintoa minimumdemand
level for alcohol FFVs (in conventional gmoline regions). If FFVs owners have no additional
incentives,the estimatedcontributionof alcoholsto satisfying_ fuel demandwouldbe limited:
about 30% M_, and virtually no corn.breed E85, Therefore, the use of alcohol by _s was
constrainedto the multifuel targets.

4.6 _ DISP_CEMENT OF OIL CONSU_ON _ OIL I_RTS

One of the mostimportantfeaturesof the AFTM methodologyis its abilityto estimatethe
possiblegap between the initial quantityof gasolinedispla_ and the ultimate reductionin oil
imports, Alternativemotor vehiclesare intendedto displacegmoline demandand, thereby,oil
demandandoil imports. Th_ intendeddemandandimportreductionsmaybeonlypartiallyattained
for five reasons:

1. Oaumllneand oil are indirect inputs to the production of alternative fuels (some of this was
_unted for in the volumes of alternative fuels considered in the Multlfuel scenario);

• 2. As prices of alternative motor f,Jeis adjust up and gasolinepric._ adjust down, the
equilibrium levels of demand for motor fuels will tend to adjust back toward the pre.
displacement equilibrium;

• 3. if target alternative fuel demand is based on the use of FFV's, prevailing relative
alternative fuel prim may be highenoullhto induce _ _en to use gasoline;

4. Fuel supply, demand, and substitution responses in non-transportation sectors of the U.S.
energy economy may off-mr some of the oil displa_ from motor vehicles; and

5. Domestic oil supply may decline if oil pri_ d_line.

The AFTM is designed to account for all of these pouibiUties, at least in an approximate fashion,tz

The multtfuel scenario achieves its target of 1.5 MMBD alternative fuel use beyond the base
case. However, due to offsetting responses in the U.S. oil and lira markets, the net reduction in U.S.
otl imports is only about one-half of the initial displacement (0.79 MMBDGE). n The ,,ZJ:TM
captures changing p_ri for non.motor fuels as a result of alternative fuel introduction. As refiners
reconftgure to produce lets light product (gasoline), and more middle and heavy products (distillate
and residual fuel) the price of residual fuel oil declines by almost $0,75/BBI. Consequently, the share
of residual fuel in industrialand utilityboilers rises from 31% to 38%. Boiler fuels markets recapture
0.4 MMBDGE of the oil initiallydisplaced by alternative fuels, providing the largest offset to gasoline
substitution. The I_r otters include the use of distillate fuel and residual fuel oil to

llLonil.run non-trlinSlxa'tattonim_titu¢ionpcaldbilitlesbetweenoll lindlpu;are JummarizeclJnthe boilerfuel market,
, aM litltlMitutiO_with¢oiil, nuclear,or renewableenerllYin other lectorsare omitted,

13Itis importantto accountfor theSapbetweenalternativefueluseandoil lmporit reductionusingenerly.equivalent
unlit, Otherwwe the dlfferencet tnener_ value between crude oil and motor.fuels and the pouihle chanllin8 compmttion
of oiltmporitcanmakephr,acalbarrelflows_t mttleadtn8andunlikelyto balance.

i -- I_ I II l i IIII illll llllllllll - -- ]
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Table4.5
_portattoa _nfcm _ Met by M_ V_

i[i IIIli " IIII] Iillliiiiliim _j_ .......

vadr Mul

to TItlct

" III I] --= I ...... :: I! ]J;]l - _i_. Ii i ..... _ .... __.

CVs Using O_lln¢ 2.91! 0.888
{ ................................... f ....... fill[! I1 {IL I III[Ifll :_.L_ ......

C"VsUsingReformulatedO_line 5,032 4.67S
III J1 [ L ..... J[l!_l IIIIII I _ ': TIFF --- NlIli J :1 .....

= Cv's UsingOasohol 0,196 0,_
, :-- I I[ _ I IIIIII I I JI

Subtotal CV Use 8,D9 6,4_
.... _-- .... Hill1 IIII1 Ill II II ! _ I I II "TIIHIIIIII1 _- : ...... " ...... ..... I IINI _..,L_.

Z

CNG Dedicated Vehicles 0,071 0,:_b2
i_ IIIHII] II 1]1}., ]L .......

CNG DFV tn Cony. GmlollneRegion 0.000 0._
......... []It] I Jill] 1111111I -- ..A. II|l l] !_ Ilfllll . IIlllll [ !l! ;llll!lq [:l!tll!iitl[,__

CNO DFV in ReformulntM Region 0._ 0,_...... J I ,:_ ...... L --: -- I !! J]lll it

M85 Dedtcat_ Vehicle 0.021 0,021
r--- ...... _-- _ _ _ll ,H Illll r _ II ! Ifftn]l Illl]lllJ _

DedicatedVehicle 0.016 0,016

EiectflcVehicle 0.1(9 0.405
..... .I !lllllfl I II --- [i IIII i!1 ii i _ ]lrl . _ i.... _ , ,ng,,!!m,,_,!:._ -

Alcohol FFVs in Cony. Oaso!!ne Region 0._ 1.!28
........ .... ----- Jill i i__ I II jl ill III Ill nllllllIII1] II If

Alcohol FFVI in RFG Region 0.000 0._
- IIII JJ I I iiiilUlNO[l_ -- --_- II I fllll I

Subtotal AFV Use 0.217 i.932
...... IlllII =--= j --IfII I I II II I fl I Ill __ :=_ _ I IH]I..... L I1_ ..... ) __:

Total 8.356 8.421
...... II I -- _ I _[_ - IIIIIII I IlIL II1[
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Table 4.7

Estimated Gasoline Displacement and Alternative Fuel Use
(Quantities in MMBD Gasoline Equivalent)

Ill iilllHI I iil_ll I Illl ...............................

Base Multifuel:
Case Change

from
Base

Price of Gasoline (5/BGE) 558.02 -55.90

Price of RFG ($/BGE) 562.92 -51.55

Gasoline+RFG Supply 8.14 -1.42
i i i , i i ,, , ,

Oa,_oline Demand in CVs 7.94 -2.38

Gasoline Use in FFVs 0.00 0.00

Gasoline Use in Alternative Fuel Blends (E85, M85, Gasohol) 0.19 0.96
f i ,,,,,,i ,i i

Total Gasoline Demand 8.14 -1.42

Total Motor Fuel Demand 8.36 0.07

Alternative Fuel Demand (incl. Gasohoi and Blends) 0.41 2.44

Demand for Non-G_,mline Alternative Fuels 0.22 1.48

produce alternative fuels (ethanol and electricity), a small increase in residual fuel final demand,
modest increases in transportation fuel demand due to lower gasoline prices, and small decreases in
U.S. oil supply due to lower prices. Together these minor shifts in the energy system total about 0.3
MMBDGE. Table 4.8 provides a full accounting of the factors offsetting alternative fuels use in the
AFFM.

4.7 NET _ ON U.S. ENERGY IMPORTS

The previous sections illustrated how AFFM can be used to estimate the net effect of
alternative fuels on gasoline demand, oil demands, and oil imports. It is also possible that alternative
fuels use will alter total energy imports to a different degree than oil imports, and that this may be
a policy concern. The total energy imports change may differ from total oil imports change if:

1. Some of the alternative fuels use imported non-oil energy (e.g. methanol or LPG);
2. The demand for non-oil fuels changes due to shifts in the non-transportation sectors,

altering the imports of those fuels.
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Table 4.8

Facton Oihetting _line Displacement in the Multifuel Scenario
(At.TM _timatea of _tity Changes Relat_ to Base Case)

(All in MMBD Gasoline Equivalent)
................ _........ ,,, ,H.,,. ....

Total Alternative Fuel Use (Excl. Gasoline in Blends) 1.48
i ill l ll, i i f i, ii Hi ii ill , Hllll i i t , , ll,lllll,i iHi Hill

Increased Motor Fuel Use 0.07
..... ll,,,i i J Hi, i . i _L..,irl.iH I ill i.ll,,,, I :

Increased Resid Use in l_ilen 0.42
i _ iriil il i_liii ill ii i i

Increased Resid Use to Produce Vehicle Electricity 0.08
llllll ii i i, i i i,nf ill

Increased Resid Final Demand 0.04

Increased Distillate Demand and Use to Produce Ethanol .0.06

Reduced U.S. Oil Supply 0.15

Subtotal Domestic Offsets 0.69

Reduced U.S. Oil Imports 0.79 i

. Total Accounted 1.48
,111!!1, ii i iiiii 1|i i_ i iiiii ...... i [1

Fraction Alternative Fuel Use Offset by Domestic Changes 46%
ii i iiiiiiiii i i i i i i ii i iii1ii ii iii i iiii iiiiiii iiij i i i

" Reduced U.S. Total Energy Imports 0.38
-_ I lll II Ill I I I I I I _ m I _ _ I I

The AFTM seek_t to partially account for these possibilities, with the limitation that it does not
consider trade in faels other than oil and gas or their derivatives. Specifically, international trade in
ethanol and all trade in coal is omitted. Those foreign countries producing ethanol, such as Brazil,
are expected to _:onsume it domestically. The omission coal trade and coal markets from the model
was viewed as a reasonable simplification. It allows the model to maintain its focus on those fuels
most likely to be affected by shifts in the motor fuel demand: oil and gas. While coal use is implicit
in both the ethanol distillation and vehicle electricity generation processes, the quantities are too
small to affect world coal prices so coal is treated as a fixed unit-cost. For the narrow boiler fuel
markets where oil and gas are potentially substitutable, the prospects for substitution with coal are
limited.

Table 4.9 reports the shifts in total (oil and gas-based) energy imports for the Multifuel
scenario. For comparability, units used are in millions of barrels per day of gasoline equivalent
(MMBDGE). We see that in the multifuel scenario the reduction in total energy imports is quite

• small, about half of the reduction in total oil imports. Although oil imports decline, there are two
other effects that influence energy imports:

" 1. Methanol imports increase by about 1.2 MMBD, or 0.6 MMBDGE, relative to Base case;
2. LNG imports decline by 0.2 MMBDOE, relative to Base case.
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Of thesetwoeffects,indirecteffectssuchasthelattercanonlybeestimatedwithanequilibrium
modelofmultiplefuels.The LNG isimportdeclineattributabletothereduceddemandforgasin
boilerfuelmarkets,asresidualfuelbecomescomparativelylesse_nslve. Whilespecificshiftslike
thiscannotbetreatedasreliableforecasts,evenwithamorefinelytunedversionofthemodel,they
do serveasusefulremindersofthekindsofinteractionswhichmaybetriggeredbymajoralternative
fuel initiatives.

When considering the relative merits of different alternative fuels, it is often pointed out that
some fuels more effectively displace oil imports than others. It is also noted that some fuels may
decrease oil imports at the expense of increasing other energy imports. The Ar"TM tracks these
phenomena. For example, given the assumption of competitive foreign gas and methanol supply, the
use of methanol does not reduce net energy imports. The significance of oil imports versus energy
imports depend strongly on what we expect about the supply stability and price of the respective
imported fuels.

4.8__ OF A U.S.OIL D_ REDUCTION ON WOPJ.,DOIL _ GAS PRI_

Displacing oil demand and imports may also have an effect on world oil and gas prices. For
a given level of alternative fuel use, the reduction in oil and gas demand and the reduction in oil and
gas imports depends on a variety of market interactions, as described in the previous sections. For
a given level of oil andgas import changes, the effect on world energy prices will depend on non-U,S.
supply and demand response.

The relationship between world oil prices and U.S. oil demand is critical for the evaluation
of energy conservation and energy security policies such as flexible and alternative fuel use. We are
interested in the long-run effect of a decrease in U.S. oil demand (Dus) estimated by AFTM. A
useful index of this price effect is the percent reduction in world oil price per percentage reduction
in U.S. demand. This index is just the inverse of the price elasticity of net oil supply to the U.S.
(S_rrus)implied by the model. The net supply to the U.S, is the total amount of world oil (domestic
and foreign) available to satisfy U,S. demand after foreign demands are met. The price elasticity of
S_s will depend on the responsiveness of all the other agents in the oil market who determine the
net supply of oil to the U.S.. Specifically, the market balance equation:

Dus = SN'rus
Dus = Sus+ SopEc+ SROWN-DRow

indicatesthat the price responsivenessof net supplyto the U.S. is determinedby the combined
responseof U.S. suppliers(Sus), OPEC suppliers(SoPEC),Rest-of.World NonOPEC suppliers
(SRowN),and ROW demanders(D_ow).is It is noteworthythat even for relativelylow long.run
elasticitiesof supplyanddemand,the elasticityof net supplyto the U.S. (eN-rus)can be quite large.

....

l:_Thepriceresponsivenessof U.S. demanddoesnot enter the calculationsolongasweare discussingthe priceeffect
of a net reductionin U.S. demand. It isrecognizedthat the ultimateor net demandreductioncandiffer fromthe initialor
grossreductiondue to leakageordemandincreasesastheoll pricefalls.The extentof suchleakagewilldependon theown-
price responsivenessof U.S. oil demand,aswell asthe cross-prlceresponseof demandfor other fuelswhichwill tendto
substitutetowardscheaperoil. However, the estimateof the long-runpriceeffectof a net decreasein U.S. oil demand
compensates for suchleakage effects.
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This may be seen If the price elasticity of net supply to the U.S. is written as the weighted.sum of its
component elasticities:

• eusSus+ ¢,oPEc_or_+ ZaowsSaow_-e_owD_ow

Sus+ Sop_ + Silowi_"Dilow

In this _r_ion the numerator grows with every term (since the supply elasticities are positive and
the demand elasticity illlow is negative), while the denominator is supply diminished by ROW
demand, if price rises, U.S. supply, OPEC supply, and ROW-NonOPEC supply may all increase,
while ROW demand will decrease, producing a total increase in net supply to the U.S. which may be
quite large, as a percentage of net supply. Of the terms in the above equation, the price elasticity
of OPEC supply is the most uncertain.

The price or supply response of OPEC suppliers may also be monopolistic, rather than
competitive, in which case the concept of an OPEC supply elasticity is not meaningful. The simple
static monopolistic supplier would gauge the price responsiveness of its consumers, and adjust price
accordingly to maximize profit. A monopolistic oil supplier can resist consumer pressure generated
by oil displacement only so long as the displaced demand curve has the same elasticity as the initial
demand curve. The optimal monopolist price is determined by the elasticity of the net demand
function. Higher demand elasticities encourage the monopolist to lower its price. For the AF1_,
a method was devised to estimate the elasticity of demand facing cartelized suppliers (see the

. Appendix A). This can then be used to estimate a simple carters optimal supply behavior, both with
and without alternative fuels. This method has also been extended conceptually to consider the
possibility of a joint oil andgas cartel. No experiments with cartelized foreign supplier behavior have

" yet been conducted with the version of AFTM described in this report)' In the planned subsequent
analyses, both competitive and monopolistic OPEC supply behavior will be considered.

in the scenarios shown in this study, long.run OPEC supplier behavior was treated as
"competitive"in the sense that its oil supply responds to price along an upward sloping supply curve.
World gas supply was also assumed competitive. The resulting world oil and gas prices then depend
only on the net reduction in world demand for oli and gas. World oii prices move together.
AverageIs OPEC crude prices fell by $0.75 in the Multifuel scenari. The implied price.elasticity of
net oil supply to the U.S. is about 0,4.

As a result of the decreased demand for natural gas in the U.S., domestic gas prices fall
slightly. However, non-U,S, gas prices rise, as the U.S. bids for methanol supply from some of those
countries which were exporting LNG to Europe andthe ROW region. Thus the U.S. enjoys a double
benefit (lower oil andgas prices), while foreign consumers receive mixedbenefits (lower oil pric_ and
higher gas prices).

• Ilttowever, teats with a previous version of AFTM [Leiby and Tetsberg 1991] confirm the workabilityof the method
for a single fuel. They also yielded results consistent with the expectation that, If OPEC supply Is cariellzed, an alternative
fuels program which increases U.S. demand reaponsiveneli to price may be as important for reducing world price as a

• programwhichreducesoildemand,

lSHerewereporttheweightedaverageof lightandheavycrudeoilprices.
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4.9 GEOGRAPHICAL SOURCES OF ALTERNATIVE

Policy makers are interested in the effect of introducing alternative motor fuels on the
geographic sources of U.S. energy imports. Sources may be relevant due to:

1. their stability;
2. their geo.polltical and foreign policy relation to the U.S.; and
3. the implications of supplier concentration for the market power of major fuel suppliers.

While it is interesting to l_k at fuel trade, the specific pattern of sources and destinations
is highly sensitive to regional fuel prices and assumed transportation costs. Therefore, the pattern of
suppliers produced by the model is suggestive rather than definitive. For example, in the multifuel
scenario there are four countries which supply methanol to the U.S. (Qatar, Trinidad,Venezuela, and
Chile), of which one country supplies over half (Qatar). The model output indicated six more
countries that didn't ship to the U.S., but could have if regional prices or shipping costs shifted by
as little as $0.20/BBL. Th/s caveat does not mean the shipping patterns are irrelevant. Often, the
near.alternative sources of supply are geographicallyproximate to the ones selected by the model (in
_his case, Saudi Arabia, U_ Abu Dhabi, and Argentina). In th_ c_ we may, for example,
consider imports of LNO from Qataras representative of imports from the Persian Gulf region, and
stiU learn something _ful.

4.10 MEASURING THE NET BI_EIq_ OF AN ALTHRNA'I'IVE FUEL
VEItlCLES PROGRAM

The net benefits of a U.S. alternative.fuel vehicle program are composed of the annual
benefits and costs resulting from changes in energy prices, supplies and demands in U.S. markets,
including an annualized charge for the required capital investments in vehicles. As market shares
change, the consumers' losses or gains from the non.price attributes of substitutable fuels and vehicles
are embodied in the market sharing function's utilization cost. This approach is consistent with the
widely used method for measuring welfare changes under discrete choice developed by Small and
Rosen [1981].The _ reportscostcomponentsassociatedwithenergy,supply,transportation,
import,and conversionforeach region.The benefitsassociatedwithfuelconsumptionare
subtracted,yieldinga netcostforeachscenario.

Table4.9reportsthemarketbenefitscomparedwithvehiclecostsfortheMultifuelscenario.
TheseresultsareincludedprincipallytoindicatetheAFI'M methodology'sabilitytosummarize
economicmeasuresoftheconsumer-welfareimplicationsofalternativefuels.The arenotmeantto
bedefinitive,andwe cautionagainstanypolicyconclusionsbasedintheseinterimresults.Thisnet
benefitmeasuremay be furtherdecomposedtoindicatecostof imports,totalalternativefuel
conversioncosts,etc.Similarbenefitsmeasuresmay alsobeobtainedfornon-U.S,regions.

A generalpatternwhichemerges,notsurprisingly,isthattheestimatedmarketbenefits
dependstronglyon thedegreetowhichworldoilpriceisdepressed,andthecostofthealternative
fuels.Insomecasesthenetbenefitsdependhighlyon thevehiclecosts.
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Table 4.9
SummaryofImports,OilP_ Changm and Benefits Estimated

.....I/flllFI I[ IIi IN " I LIHII ................ __11_1............................. _ ...........

Base Change
Case fromBase

__.. .......7-- ......

Multi.fuel
Scenario

i [ i iN ii_lllW_nmri " i11111!1 .....

Alt. Fuel Demand (Non-gasoline component, MMBDOE)" 0.22 1.48I lit ]i i ]]]1 j[ i U ]ili [ i ...............

U.S. O11Imports (MMBD) 10.93 .0.93
mllll . 1111111 III ml ....... FIIIII[I[fUIfIfl |1 - u

U.S, O1i Imports (MMBDGE) 12.12 -0.79
..... _mlllr I _ [[_1 T ..... III I fl I I I mIllI[llll ]11 ! II Illlll I

Total Energy Imports (MMBDOE) !4,14 -0.38
ill IfH

OPEC Ave Price of Crude ($/BBL) 28,50 -0.75
IJUI/HII Ill [. -..... = II - )mill ............ II IIIII fll I ....................

Net Market Benefit ($ Bill/y)" 0.00 -8.85
I HumIII I I I I Illlll I rllll i i i i ii i I lU I _l Ill I I Illll ---_ w ..... Ilium II II I

Of Which Vehicle Coets ($ Bill/y) 4.68 18.65
" I I I II ....i, i ii f i i1[ i i i[iiii flJlll

Of WhichSharing FunctionUtilizationCosts($ Bill/y) 0.00 -9.80
......... _ _[ " ..... jl: - Ill ............... It mIll JJ

!/y)ooo .8.65. Net Benefit, Excl.Vehicle Sharing Utilization Costs ($ BI! .,Ill -- ii!1 _ ii i IniIIlllllli Ill I i ii iiii iiiiii i ii 1111IH J,

* The demand refers to the non.petroleum content of the alternative fuel.
"' Benefitsinthl_tablereflectmarketeconomiccomtequencesonly,excludingpmalbleenvironmentalor
enerllymecurttybenefits,

iii i I I I I] ] i IIII1[I II II I I [frill III]1 i i
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" 5. SUMMARY OF MOD_ CAPAB_ AND
PRBLIMINARY INSiO_ FROM MOD_ _I__IMEN3_

Q

5.1 _ OF 'IIIESEILLUS'I_.ATIVEANALYS_

Thisreportpresentslargelyillustrativeresults,inpreparationforthefullmarketevaluation
of alternative fuels benefit and costs to be completed in the next phase, Insights are limited and
preliminary. The model d_ not yet include all of the potentially important alternative motor fuels,
although work it underway to do so. Continuing work w/ll refine the assumptions and the general
methodology documented here and apply it to evaluating alternative fuels programs such as th_
envisaged by the Energy Policy Act of 1992.

There are two principal categories of the example assumptions considered here which are
uncertain and merit cl_ _rutlny: fuel supply auumptlom and vehicle attribute and choice
assumptions. In the area of fuel supply, assumptions which strongly influenced the results presented
are:

s Whether foreign remote reserves of natural gas will be supplied competitively,
allowing competitive low cost methanol production;

s Whether significantsupplies of lower.trot ethanol fromcellulmlc biomets will_me
. available;

• What the net supply and price of LPG for motor fuel use will be, given get market
development_, competing demands (e.g. from the chemical industry) and the prospects

• for LPO trade; and
s Whether the response of OPEC-region oll producers to oil displacement will be more

like a monopolistic than competitive supplier.

In the area of vehicle attributes and choice, influential and contentious assumptions include:

• CNG and EV vehicle costs, particularlythe cost of CNG tanks and batteries;
• Vehicle refueling time, and how consumers will value it, e.g. the time for filling with

CNG or recharging batteries;
,, The importance of vehicle range to consumerchoice, given the prospects for specialty

applications (e.g. short distance commuting or delivery); and
s The relativeefficiencyof each alternativefuel vehicle,given engine designand

anticipatedusepattern.

In general, more informationis needed on the consumers'valuation of the convenienceand
performanceattributesof alternativefuel vehicles.

" 5.2 PRELIMINARY INSIGHTS FROM EXPERIMEN'IS

. The preliminaryresults discussed here are nonetheless useful both for some general lessons
learned and to indicate the sorts of insights and issues which may arise from the application of the

methodology. There are some aspects of the Base and Multifuel scenario results which are
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lenerally applicableand not likely to be influencedby updatini of current mumptlon set, The
principalenerly marketbenefitto theU,S,of analternativevehicleprogramis the reductionof U.S.
oil demandand an attendantreductionin oil imports,whichis likely to resultin a declinein the
world oil price. If importsaredisplaced,rome price reductionis expectedregardlm of whether
OPEC behavescompetitivelyor monopolistically,The degreeto whichoil ,mpom are _uced
dependson theopportunitiesfor fuelsubstitution.The refineryrepresentationis sumcientiyfle_ble
that displacementof lmllne can be accommodatedby Incremd middle and heavyproduct
production,with changinllprod_t price difl'erenttalencouragingireater _ of th_ fuels.

In theabNnceof a ailing/leantimport red_tion, theoil.marketbenefitsof alternativefuels
will dependmore on the _ted non_mpetitlvenou of forei_ supplierbehavior, if theOPEC
_re behavesmonopolistically,it may _pond to the incre_ Iong-_n eluticity of oil demand
causedby theintroductionor substitutealternative.fueledvehicles.Oreateroil demandelasticitywill
createincentivesfor greaterOPEC pricedeclines.

The alternat_ vehicle/fuel_ diker in theirabilityto displaceeli importsandtotalenerlly
impom, Then alternativefuelvehicleswhichrelyon the foretin supplyof Sisor gas.productsmay
a_ dependon whetherforeignrqtons arewtlltn8to supplyIlu competitively,particularlywhen
doing so may undermine their _ oil markets. The monopolizationof oil or the joint.
monopolizationof oll andgw, in a lena-runstaticmonopolistsense,will beaddreuedinsu_uent
work.

e

$.3 SUMMARY OF MOD]BL CAPAB_
i

Asa fundamentalfeatureof itsdesign,theAFTM methodoloilyrestrictsitsattentionto Ionll-
run equilibriumdevelopments,tjlnorinll transitionalim_lments and usumtnll alternativefuel
availability. The AFTM is intendedsummariz_the integratedsetof fuel flows,conversionactivities,
andprice responseswhichmayoccurasa resultof the introductionof alternativemotorfuels. While
it focusesattentionprincipallyon themarketsfor oil andgasandtheirproducts,it ismoreinclusive
than many _ting methodologies. When usedwith careful attention to interpretation,and a
recognitionof its limitations,it can providesomenew insights.

The _ is usefulfor providinga consistentfuel flow accountingin the marketsfor oil
andgasandtheir products.]t candecom_ theo_ts to alternativefuelusewhichmaylimit the
ultimatereductionin oil imports,includingfuelsubstitutions,supplyanddemandresponsesin non.
motor fuel markets,andchangesin fuel useby intermediateconversionp_. It estimates
internationaleli and gasflowswhich,while not reliablyindicatingspecificfuel trading partners,
providessomeindicationof thegeneralpatternof _ible lower tradingpartners. It estimates
the changein world eli and IlU pricesgivenchangesin U,S. fuel import levels,allowingfor the
responsesof other producingandconsumingregions. OPEC behaviormay be treated either as
competitiveor asa long-runstaticmonopolist.

/dternativevehicleandmotor fuel choiceare endogenousandconsistentin the sensethat
the anticipatedlong.runprice of motor fuelsis consideredin the selectionof either dedicatedor
multi-fueled vehicles.Themultinomial-logitchoiceframeworkseekstoaccountfor non.pricevehicle
andfuel attributes. ]t variesvehicleand fuelsharessmoothlywith changingrelativeprices,sincethe
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wide viriat_n in _naumera'situationsendprefere_ moa_ thata mixof vehtclmmaybe chmon,
rather thin just i ainltl__t alternative. ,adternat_ fuel policymay he im_ on the m_el

- thmullhvehicleor fuel.use¢omtritnts,or thmullh_1 in_ntt_ includinlltaxm andsul_idim.

ultimate result of the _ is a LonB-runanalysisof ,_ economicbenefits.
aensttlqtyot' the atln or th_ be_rlta to mumptiona tntlueflcinlivehiclechoiceand relat_ fuel
prtcmauldimtathat it is a c_ call. To the _ent that an _ pro|ram isnot justifiableon the
_b or Ion|.run _nomic benefits,the promotionof/_41_ mustbe due to other _nst_rations.
PromtMnt amen| thoseother_nstderitions arevehicleem_tona andoil marketd_am_, _th of
whichare not _rouod in thisreport.
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APP__ ,4.
IMnMATINO _ _O

• MONOPO_C BI3HAVIO_ __BNTATION OF OP_ _RI3

Ai. ES'HMAlINO THB (X)IUB NE'r DlgdAND FUN_ON*

The AFTM ear,beusedto Nttmate thenetdemandfunctionfacedbytheCore |roup within
OPEC. SincetheAFrM representsthe finalproductdemandsof consumersandthesupplybehavior
of crudeoil producers,withduoconsiderationof transportationand conversionactivitiesinvolvedtn
deltvednlifinalproducts,it ispouibin to run the AF'TM with oxo_nously specifiedlevelsof Core
crudeoil productionquantttil andobtainestimatesof theCore*i wellheadpricereaullinltfromthese
productionquantltks. Thesequanttty-prk_combinationsare pointson thenetdemandFunction,and
theymay be treedto estimatethisfunction.

Toe quantity.pricecombinationsweobtainfrom AFI'M turnout to beconsistentwitha linear
relationshipbetweenCore productionquantityandCore oll price,at leastover the runic of likely
Core production rates with and without methanol introduction. Titus we estimate several i
quantity.pricepointswithin thisran_, and then fit a linear functionbetweenthesepoints. This
approachhu two edvantaies. First, it providest co_nt functionalrelationship(rather than
isolatedpoints) to r_preuntthenetdemandfunction. Socond,the linear 11tsmoothsover minor

. trrquLIfltkI in netdemand;thisisckilrebiesincesuch lrrelpilaritksoftenoccurin models,lncluclini
AFrM, whichtend to characterisemarketfactions asdiscreteihltts ratherthancontinuoussmooth
chanips.

The ]_ 2010 middlecue price forecalt tar the Core was taken tram the International
l_mrn Outlook.adjustedfor transportationooItsfrom the PersianQuit, The levelor-_re OPEC
productionIn2010whichachle,vesthis pricewasdeterminedbasedon AFrM, The ARM wasthen
be runwith fixedCore productionrateslet at establishedlncrementafrom the baseproductionlevel,
to find the Core oil prk_ resulttnI fromeachof theseproductionrates.Thisproducedquantity-price
potnlawhichwere then usedto fit a linearrelationshipwith iimplerqreuion techniques,The linear
fit to the quantity,price points is veryIood,

Thecat functionortheCoreIrouplncludmbothdtreetmeuurableco,.orproductnsoil,
and the far le** tanItble OOOonUnlty.cmtof'productnioil 'Thelatter is the future profit that is
f'orelionewhen anadditionalbanal of'oil issoldnowrather thanleft in the groundfor saleor use
at a later date. However,we can avoidherinI to estimatethisco,t functiondirectly. Otvenan
estimateof' the notdemandfunctionand a price f'orecut,we candeterminean impliedmarijnal coat
of oil from the marginalrevenueequalsmarlinai celt conditioneharacterizinllthe price leader'i
optimal productionchoice.

While thereis noevidencethat iUMeststheCore costfunctionisnoceuarilylinearandthuse

oxhlbttsconstantmarlinal c_t, the introductionof flexiblefuelvehlclmwouldcreateonlyrelatively
minorchaniiesin thepriceleader'sel timalproductionquantity.Thusit isreasonableto auumethat

I*

-- Ill _. L.._ [_ L [[__L - J. I . 11II ..... -'-

ITIiimti I_ on!Jt17mt Ttil_r I, 1991

............................
............ iiii
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the mariinal _t is constantmr the limited rangeof production rat_ being _nsidered in this
analysis. It wu mumed, ]liventhe netdemandfunctionfor the Bue cam in 2010, that the lEO
referencepriceistheoptimalpricefor the OPEC Corelatin i thisnetdemand.Re impliedoptimal
Core productionquantityandmar_nalrevenuefor t_ basescenariowM then determined.

For anyconfigurationof alternativefueldemands,thismethodmaybe usedto _timate the
Mt demandfacingthecartelCon. Giventhat net demandfunction,the demandelasticitymayby

for a direct applicationof the standardinverse41uticttyrule for monopolypricing[Tirole

(P.MC)/P - -I/¢

where ,zis the elasticityof netdemandfacingthe monopolist.For thec_ of the linearnet demand
schedule,P ,,, a - bE},the elasticityof netdemandhu theexpression

e = P/(P.a)

Note that for allMar demandtheelasticityisdependenton price,butsolutionfor theoptimal
price in terms ofthe demandcurveparametersisstraightforward.

P - (a + MC)/
e

and the nlmple _rmaion for the optimal price chanlle is recovered:

P" Ps " (a- aa_ .. da_
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" APPHNDIXB.
IMP_O _ MULTOMIALLoorr

• TIlROUOH THE trlq3_JZATION_ FUNCTION

Often in economic modeling it is _ful to represent the choice among two or more
alternativeinputsor technologies,each of whichis equallycapableof satis_ng some demand. In
a simple_nomic optimizationframework,the least_t inputwouldbe chosen. Smallchangesin
rolat_ input price could producedramaticsubstitutionamonginputs. To avoid thisproblemof
'penny switching"[Marine1_], and to introducethe influenceof non.price attributeson input
choice, certainsharingfunctiomhavebeen pro_ to describehow input sharesvaryslowlywith
relativeprices (e,g., Oerasoulisand Kydesi980, Boyd,Phlllil_ and Regulinski [1982],McFadden
[1973],Ande_n, _Palma and Th_ [1988]). The purposeof this note is to describea general
approachto includingsharingfunctionsin optimizationmodeL,,andto providea particularsolution
for the problemof includinga multinomialiogltchoice function. This appendixis bead on Lelby
and Oreene [1993].

A particularformof the sharingfunctionwhichhu gainedconsiderableuse isthe multinomlal
loflt (MNL) function. If the _ted (indirect)utilityof uch alternativei can be written u a

. functionVd'n#P4)of its own attributesand price,the multinomialIogttformis:

evlAd',)
I t m ........

• _ .v/,,,.e,_(1)
,.ff

In thecommoncue wheretheutilityfunctionsV arelinearin price,forthemultinomialIogitlog.
share.ratimarelinearin pricedifferences:

V/oeP_ = a, + bP, Vi
(2)

Ls]

Theconstanttermsaj inthe multinomlallogttfunctionarenonzeroandunequalincaseswhereequal
pricevalues (i.e.,pj .. pj) do not implyequal shares.

maulseuncUcminOpticm Model,ofMarketequmb

Consider(withoutlossof generality)a simplec_ of a singleaggregatedemand(e.g.for#

energy)whichmaybesatisfiedbysomemixof npouibleinputs(e.g.differentfuels).A_ume that
at thisaggregatelevelof analysis,each unitof inputfuel _ satisfiesone unitof aggregatedemand.

. _ featureof "unitmarginalproductivityof all inputs' distinguisheschoice/sharingfunctionsfrom
conventionalproductionfunctions.
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The optimizationapproachtodeterminingcomptttlve marketequilibria_ks supplyanddemand
quantitieswhich maximi_ consumptionbenefitsminus producercosts(m_mi_ consumerand
producersurplus[Samuelson1952,Manna 1976]), if all inputs to the auregate go_gtare indeed
equally desirablein terms of satis_ng aggregatedemand,then the only attribute of interemtin
choosingamongthem shouldb¢ their prim. If conditionschangeto that one input', price riles
slightlyaboveanother's,then thisoptimizationmodelwouldswitchcompletelyawayfrom the more
costlyinput,andits sharewoulddrop to zero.

Typicallywe_h to avoidImpodnga non-linearsharingconstraint,andthe sharingfunction
usuallydependson marketpriceswhichareunavailableduringthe primalopttmt_tion meth_. To
get aroundth_ probl©ms,inputchoiceandsharingbehaviormaybe rep_ntM by addinga n_
_t component,theshaflngcostfunctionC(q) to theobjectivefunction. The sharingcoatde_nda
on thevectorof all inputsq, or rathertheirrelativequantiti_. It reflectsthec_ts of adjustinginput
sharestowardan unbalan_ mix,or maybeseenaAthebenefitof maintainingadiversifiedinputmix
[Anderson,DcPalmaandThiMe 1_].

Using thb augmentedobjective function which includes sharing _ts, the following
mathematicalprogramcould be solvedto determinethe marketequilibrium:

¢' i ¢'

o o O)
II

,.t. E q,'q.
J,!

!!

Here q, is thedemandfor the aggregategood(the outputof the sharingfunction). The inputsto
the shsflng functionare qj, The inversedemandfunctionP,(q) describesthe marginalbenefit of
aggregategoodconsumption,andtheinversesupplycurvesfor eachinputP_q) describethe marginal
costof supply.The constraintsimplyrequiresthat thesumof the inputquantitiesequalsthe output
quantity,which is thespecial"productionfunction'_isted with s sharingrelatiomhtp.

The solutionof thisprogrammaybe_amined byformingthe Lagrangianandwritingthe first
order n_ary conditions.They indicatethat at the optimum(equilibrium),the partialderivatives
of the sharingcost functionwill be related to the inputpricedifferentialsin the followingway:

- • v,j (4)aq, aqj

Here is the k_ step to our approach: all of the relevant information about the sharing functionf
must be em_ded in the sharing cost C". Hence the sharing cost function must _ constructed in
sucha way that its derivativesin the lefthand.sideof equation(4) returnthe expressionthat the
sharing function would imply for the price differential on the righthand-sid¢ of equation (4). This
assures that, at the market equilibrium, input quantities adjust to a point along the sharing function
which is consistent with the equilibrium input price differences. This is not possible to achieve for
all imaginable sharing functions. However, the special feature of the multinomial Iogit shown in
equation (2) suggests a promising application of the approach.
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We suggest an es_ially corr ,nient form of sharing cost function. First we restrict attention to
sharing cost functions which are homogeneous of degree one in the total level of aggregate output

• from the sharing function, qr This assures that the sharing cost per unit aggregate output (unit
shnrtng cost tO depends only on shares, and we can decompose the sharing cost function into a unit
coat term U and a scale term q.:2

c.t_ - c.c_--_)_ q_- uc_,
2.,q, _ (5)
t

q.'Eq_s.mq.

ForthisformofO' we canshow thattheunitutilizationcostfunctionU(a)mustsatisfya partial
differential_uationsimilartothatofF.,q.(4),onlywrittenintermsofshares:

_.<_._. au¢+)._. -(e,-e,,,),. ,P_ (6)@, % a,, m,

for the multtnomial Iogit sharing function, we require the cost function satisfy:

a_u.a_u. -±nol'_)- t_,-.;_w_a,, a,j a'-i,.,_) (7)
" - --_[Om,-._- o_-a_)] w,t

IW

j IIIIII]IIL[ IIIIIII II IIU] JJ . _L

% detx)ml:x_fltlcmispossibleforanyfunction[homogeneousofdegre,eone.A moregeneral(butstillrestrictiveform
of C would_ C(q) mU(#)k(q_)whereh(q_)mi1."forC homogeneousof degreen. In thiscase:

a¢ . u(_h'(q,)+h(q,,)v,u(_._,,aqt

h(+.)/au(_)._av,/
TI_ leadsIosdifferentPDEfortheunitulUizationcostU

" _._. "(q.)(NNI.
aq,aq, -_-.L_,,,,)
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The obvious identification for the marginal unit utilization cost function is:

OU_ 1

--- vi (8)

We can integrate this simple equation and construct an additively separable sharing cost function
which is a Darticu!arsolution to the representation of the multinomial Iogit in the optimization
framework:

C'(_',q') = qt_.t U[sj)+ y] (9)
1

__n -

This method provides a workable way to impose the multinomial logit function sharing rule
on a market equilibrium determined through the mathematical programming approach. The
integration constant _,is arbitrary,and will have no effect on the marketequilibrium. It is set so that
utililization cost is zero at its minimum (which occurs for equal-price shares). Note that this sharing
cost function has three desirable properties [Leiby and Greene 1993]:

1. It satisfies the first order condition necessary for the competitive equilibrium shares to
conform to the sharing function, i.e. the equilibrium price differentials lie on the inverse
share curves Pc(s);

2. At the equilibrium solution, relative input and output prices depend only on shares; and
3. The aggregate output price P, is equal to the share-weighted input prices plus the unit

utilization cost U($).



APPENDIX C
" LISTING OF _ FUELS AND CONVERSION PROCESSES
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Tsblc C.l: Fuek Included tn
................ ,1 I I li rll rl _.A_ - - ' ..........

Pd,,,._reso,m_
• i i .i ............ L_a

Natural Gas (a primary resource,alsoconsumedas a final product)
-- i Ill IH I , I f IlllI I I I liE, _ II I I J _

Ught CrudeOil (a primaryresource),compositeblendof Ilghl/sweetcrudea
,i,, ..... i Ill I I t I ...... I _ II, ,, .....

HeavyCrudeOil (a primaryresource),compositeblendof heavy/souretudes
-- _ , .... , , I I .... _ Ill

EthanolFeedstock(a primary resource),non-oil/gasinputsto grainethanolprod.

_ _ or Nm-MoZc¢ F_d Nmd Prod_l.
--, i i , ,, j .|| _

Light Petroleum Products(anaiilrelPiterefineryoutput,definedas50% motorgasoline,20% keroseneandjet fueland
30% distillate oil)

Distillate Fuel
, ... , i i i, , , . , ii. .-

Residual FuelOil (a refineryoutput)

Boiler Fuel (substitutablebetweenresidualfuel oil andnaturalgas)
. m.,| . j , i , -_ ,,,i

Uqulfled Natural Gas (LNO, for ocean transport of remote natural gas)
-- IJ I , Ill --- • rllr t I

Imbutylene, for the production of MT13Eand ETBE
__ II I Illl I III II I [ I -- --

Ethanol, wholeule (for subsequent blending into transport fuels) from corn or cellulosic biomMs
-- i 1111 II I I I I _

Methanol, wholesale (for subsequent processing into tranJport fuels)
] [ IIII I [I r III ___ I II -- _

I.

Ethyl Tertiary Butyl Ether, for ¢wtygenatingpsollne (ETBE)
I IIII I I III IIII _ IIII

Methyl Tertiary Butyl Ether, for oxygenating gasoline (MTBE)
41 ..... ii , II I _

Motor Furl.
i,, i i , --

Conventional Gasoline (single grade)

Reformulated Gasoline (single Ip'ede)
i l 11, _ . .tJ .

_ Gasoline cotygenatedwith ETBE (17.1% by volume)i l ill i i. _ l - _

Gasoline oxygenated with MTBE (15% by volume)

85% Ethanol.15% gasoline, or 85% Ethanol-15% Reformulated gasoline (E85)
-- . --- l l l 111 l . ,1 _ ,

Oasohol (Gasoline mixed with 10% Ethanol by volume)

Methanol 100_ (motor fuel, for dedicated methanol vehicle u_)
i, -- I . I I L I I ,, , , 111 11 -- -- I

85% Methanol-IS% lasoline, or 85% Methanol-15% Reformulated gamllne (M85)

AlcohoL/Gasoline (motor fuel for alcohol FFVs, substitutable between E85, M85 and gasoline)

Alcohcl]NFG (fuel for alcohol FFVs, substitutable between E85, M85 and Reformulated Ipumline)

..... Compressed Natural Gas (CNO! _ ,.........

, CNO/GasoUne (motor fuel for flexible fuel CNG vehicles, substitutable between CNG and gasoline)

IAquified Petroleum Gas (LPG)

• Electricity for use by Electric Vehicles
-- i . --_ p_l I ... I,Ill ........ 'IIR ........

' In some cases these fuel names are also prefixed by "W"to discriminate between wholsale/plant-pte and retail.
--' ' li i'l 'i f - I -
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Table_ ConversionProcessesInAFT_
..... I + II I IIIIIIIIIIII IIIII.II II _ II'PI__ 1 1111111111111'11 ........ _ ........ IIII +" __ I'

ProdudngInlermedlaleand Non.transportatlonFuels
...... + I11III I I If 1 I ,11 I [I]Ill I ..... II : :_L ........ _ ......... _

7 submodes for Low Complexity Refineries, simple refining modes with highest proportion of heavy
products

........ ii I II __ I I I I II I I I .... ii I IlL III -- iiiiiiii I J] I IIIIIII I I] ..... iiii III

10 modes for Middle Complexity Refineries
-- _ Ill i _ i i Illllllll Illlllll _ II II [ IIIIl] L _ I|llfl ........... _ ___ I Illlllll " i

13 modes for Complex Refineries, with higher costs and higher light product fractions
-- IIIIIII I . I II I I ][L filll I -- II I I1 I III I IIIII II I: II II III -- III IIII

Natural gas liquefaction at the point of origin (LNO.Source)

LNG regaslflcatton at the destination (LNO.Desttnatlon)--++ ii I I I IHIIIIIUIIII IIIII _ IIIIIIII ..... iiii I I _ .......

Methanol produced from natural gas.-- -- -- l lllI Inllllll II II II III I lllll| II|I II I II • II II I IIIIII IIII I I -- .

Ethanol from grain (corn) feedstock
-- -- i I II I ..... I II I III I I III III I I IIIIIII II IIII II II I I I I I IIIlil __ - -- qi

Ethanol from cellulosic blomass3
. ....... llllll + iiii I I I I,,,,, ,Ill, II I II I llllllll I I J _ i Ill II lJl .... llllll I I __ _ __

Isobutylene production from refinery light products and natural gas components
I IIIIIII .... l I I llflll -- f I I l l __ -- L

ETBE production from ethanol and isobutylene
]ll ---- i I II I III I|111 II I l I I I -- iiii1[ I Jill I _ II1 __ III __ !

M'_E production from methanol and isobutylene
-- I Ijlll __t Illlll III I I I .... IIIIIIIII I + _ I _ II

A_tmttng _ to Azmnmodate Simpler Feel Demands in Imn-U.S. Regions
ii -- --.. _ iii ] II I II . I I -- llll llllll II III III __ "

Accounting process merging LPG with resid stream in non-U.S, regions
IIIIIII __ 1 III I IIII II I III I I I I IIII I I II II III IIII I ....

Accounting process merg!ng unexported gasoline with light-product stream in non.U.S, regionsl _ . '1 Hill, _lli H iI lll, l ..... l . II l lll ___ -- . __L lI] __

Accounting process merging unexported reformulated gasoline with light-product with stream in non-U.S.
regions

................. =_ ...... ........ :. lllll II L l __ -- -- _

Accounting process merging unexported distillate with light-product stream in non-U.S, regions
-- -- P II I ' "" __ '"""' '""" II III I" II [' I II _ II IIIII'UIIllI _llllllllllllll .........

,j,, .... i,iii

3Theethanolfrombiomassconversionprocessisunderdevelopment,andisnot includedinthecasesreportedhere.
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o Table C.2b: Convorslon _ in AFT_ Continued
I I I Ill U H I rl I iii I I I III ill I /I I

Ptocmsm l:_neratlng Retall Motor Fuels
, ,, Ill, ......... J I II j i f. iJ j - . i

Production of motor gasoline oxygenated with ETBE, with retail markup
IIII IIII III __ II ..... [ L[ .... ii I

Production of motor gasoline oxygenated with MTBE, with retail markup
............................. i ii

M8,_ production from methanol and 15% gasoline, with retail markupI _. I , __ " i , _ I H ] ]] I 11 _ I

Neat methanol (MI00) for dedicated vehicle use, plant gate to retail markup
i i T i - ii ii , , .....

_5 productlonfrom methanol and 15% gasoline, with retail markupi ....... i i

Oasohoi production from gasoline and 10% ethanol by volume, with retail markup
Ill I ........... [[ ....

Vehicle electricity generation accounting for residual fuel oll and gas use
ill J II IIIII I I I ....... L I ]

Wellhead natural gas tO retail CNG markup
....... I II ][ -- _. "-- I III _ I [ I I

Refinery gate to retail gasoline markup
I " H [ " " II _] II I ......

Refinery gate to retail reformulated gasoline markup
_ [HIll - 1 L [ I11] [I I I I I I

Plant gate to retail LPG markup
...... l _ .... _ , _ ,,r ,l , ,,

Wellhead to retail (city gate) natural gas markup
I]l] _ L II "11 ]___ ]11 .... I I I III il Ill I

I i i I |'11111 . [ Jill II i I ]il ....... I . I _1[[

Table C.3.c:Conv_rslon _ In AFI'M. Continu_
I " - I[ IIIi i II I I I i' II I

o

" " _ " __ f 111 -- 11 _. l I ' -- I I I I I11 LL _

Substitutable natural gas use for boiler fuel._ - ii I I IIIII I I In]ll IIi ]ill i ii i

Substitutable residual fuel oll use for boiler fuel
.... -. I _ I1[I - ii II ] III Jllll [ [ _ I

Substitutable gasoline use for Alcohol.Gasoline FFVs

Substitutable E85 use for Alcohol.Gasoline FFVs
I I II Ill |111 -- _._ I 1 rlllll[ [ I I L . I I II [11 III _ I

Substitutable M85 use for Alcohol-Gasoline FFVs
.... [ _ lll l - j .... I III _. I ,Ill, I I , - .

Substitutable reformulated-gasoline usefor Alcohol.Gasoline FFVs in RFG regions
• "" ii I • - ] Ill . II I I I I I I

Substitutable E85 use for Alcohol-Gasoline FFVs in RFG regions

Substitutable M85 use for Alcohol.Gasoline FFVs in RFO regions
I II I .... _ Ill ] ] ] __ II II -- i L

Substitutable gasoline use for CNO.Oasollne FFVs
. iii i _ , - i i __ i i i , ,,,,

Substitutable CNG use for CNO-Oasollne FFVs
- . IlLI I ....... i iiiii -- i i i I II

, Substitutable reformulated-gasoline use for CNO-Gasoltne FFVs in RFO areas
. _ - t ._ ill _ II I| H L

Substitutable gasoline use for CNO-Oasoltne FFVs in RFG areas
III _ I II I .J J II IIII _. II ' II I I _.

@
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APPENDIX D
• _G OF ACRONYMS USED

I

AEO Annual Energy Outlook (U.S. Energy Information Administration
AFFM Alternative Fuels Trade Model
AFV Alternative Fuel Vehicle
BTU British Thermal Unit
CNO CompressedNatural Gas
CV Conventional Vehicle
DFV Dual Fuel Vehicle
DOE U.S. Department of Energy
F__ 85% Ethanol
EPACT Energy Policy Act
FFV Flexible Fuel Vehicle

FOE Fuel Oil Equivalent
GAMS General Algebraic Modeling System
GE Gasoline Equivalent
EIA U.S. Energy Information Administration
LNG Liquifled Natural Gas
LPG Liquid Petroleum Gas
M100 100% Methanol

" M85 85% Methanol
MMBD Million Barrels Per Day

. MMBDGE Million Barrels Per Day Gasoline Equivalent
MMBDOE Million Barrels Per Day (Fuel) Oil Equivalent
OPEC Organization Of Petroleum Exporting Countries
ORNL Oak Ridge National Laboratory
ROW Rest of World region
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