3. Potential Altemnative-Fuel Use Scenario

Fuel Ufilization

A detailed scenzrio outlining a specific. albeit
hypothetical. pattern of future alternative-fuel -
use provides a useful context for examining the
potential impacts of the use of alternative trans-
portation fuels, Clearly, many scenarios of future
alternative-fuel use could be postulated. The one
selected for the analysis reportad here was devel-
oped for the U.S. Alternative Fuels Council in re-
sponse £o 2 request made by the council on
December 12. 1990. The scenario described here
benefited from substantial input provided at a
special technical meeting of the staff of the
council and other interested parties (March 5,
1991). It was presented to, and approved by, the
council on May 17, 1891, It is not a projection of
a most lkely, economic, or necessarily desirable
seenario. Indeed. the alternative-fuels initiatives
in the National Energy Strategy (NES) recognize
that choices among zlternarive fuels, and be-
tween alternative and conventional fuels, shoulkl
ultimarely be driven by market factors. However,
as requested by the council, it represents one
plausible scenario that would displace 25 per-
cent of U.S. motor-fuel use (gasoline and diesel
fuel) with alternative transportation fuels by the
year 26G10. its purpose. in this report. is to pro-
vide an analytical context in which to examine
alternative-fuel costs and benefits. This section
describes the scenario, the constraints it was
required to meet, and the assumptions used to
develop 1t

3.1 input Assumptions
3.1.1 Target

‘The scenario outlined below displaces 2.5 million
barrels per day (MMBD) of highway motor fuels
with nompetroleum fuels and fuel additives in the
year 2010. It is therefore consistent with a reso-
lution adopted by the U.S. Alternative Fuels
Councdil that alternattve fuels should be used in
25 percent of vehicle travel in the United States
by 2005 (December 12, 1990}. The 2.5-MMBD

displacement represents 25 percent of highway
motor-fuel consumption projected for 2010 in the
base case of the Energy Information Administra-
tion's (E1A} Annual Energy Outlook tJanuary
1890). Highway motor-fuel consumption is used
as a surrogate for highway travel. Given the time
required to produce sufficient vehicles to achieve
this target, the council agreed that the goal of
25.percent displacerent is more lkely to be
feasible in 2010 than in 2005 (February 14,
1991); therefore, the scenario focuses on 2010, A
scenario of vehicle sales and the evolution of an
alternative-fuel vehicle (AFV) fleet consistent with
this scenario are desctibed in the following chap-
ter, as is the refueling infrastructure required to
support the scenario.

3.1.2 Oxygenates

Under the Clean Alr Act Amnendments (CAAA) of
1990, a substantial amount of nonpetroleun:
fuels will be blended into the gasoline pool to
help reduce motor-vehicle emissions. Liquids
containing oxygen. such as alcohols and ethers,
will be blended with gasoline to reduce carbon
monoxide emissions i certain areas during cold
weather, These oxygenates will also comprise a
significant part of lower emussion, reformulated
gasoline. Oxygenation of gasoline for these pur-
poses cap achieve substantial oil displacement.
Given the relative ease of increasing the use of
oxygenates o the United Stotes (compared 1o
increasing the use of AFV's, it is assumed that
use of oxygenates will be maximized. Oxygena-
tion of all gasoline (approximately 120 billion
gallons per year in 2010} is estimated to resuit in

a maximum potential oil dispiacement of about
700.000 barrels per day.

The degree 10 which alternative fuels are used
will reduce the vohume of gasoline into which
oxygenates can be added and the displacement
that can be achieved with oxygenates_  An itera-
tive process was used to determine the yelative
displacement required from both axygenates and
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AFV's to achieve the scenario target. It was esti-
mated that a moximum of approximateiy 90
billion gallons of gasoline wouid be oxygenated.
achieving about 0.5-MMBD displacement, and
that AFV's would be used te displace 2 MMED.

The oxvgenates most likely to be used are methy]
tertiaty-butyl ether (MTBE). ¢thapsl. and ethyl
tenuary-butyl ether (ETRBE). MTBE and ethanol
ate currently the pred:minant gXVEenales in use
in the United States. Because Reid vapor pres-
sure (RVP). which is related 1o evaporative emis-
sions, increases when neat ethanol is blended (at
a 10-percent level} in gasoline, ethanol is unlike-
Iy 10 be used in the gasolines used in ozone non-
attainment areas {ICAAMF. December 1990).
However, use of ETBE. which contains ethanol.
does not increase RVP. Because of the lower RVP
of gasoline with ETBE than with ethanol. the
large proportion of gasolne sold in ozone non-
attainment areas [estimated to be 55 percent).
the fact that the ethanol used in the manufac-
ture of ETBE qualifies for the ethanol blender tax
credit, and the availability of ethanol for ETBE
production. it is assumed that use of ETBE will
grow significantly (ICAAMF. December 1990 and
Shiblom. 1850,

Table 3 presents the assumpitions used to esti-
mate the displacement achieved by each of the
oxygenates. The blends were generally held o a
2.7-percent oxygen content fweightl. Emviron-
mental Protection Agency regularions generallv
limit the oxygen content of fuels to 2.0 percent
by weight. However, the Environmental Protec-
tion Agency can and has granted waivers that
permit the ouvgen content to be higher. Specifi-
cally. a waiver has been granted to allow the use
of MTBE at 15 percent by volume or 2.7-percent
oxygen by weight. It is expected that a stmilar
watver will be granted ETBE. A waiver has also
been granted for ethanol: up to 10 percent by
volurne. This level achieves a 3.5-percent oxygen
content. Given the averaging allowed in the oxy-
genated fuels program set up by the CAAA etha-
nol's oxygen content could alse have been set in
the seenario at 2.7 percent. However. because
some CO nonattainment areas may be required
under the CAAA to use fuels with a 3.1 percent
oxygen content. and because ethanol is the only
one of the three axvgenates that currently 15 al-
lowed to have that much oxygen, the oxygen
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content of gasolines oxygenated by ethano! is set
at 3.1 percent m this scenann. This percentage
is within the range of feasibility. if techniology
continues 1o develop at its current pace.

MTBE and ETBE are produced from methanol or
ethanol. respectively. plus butane or isobutane.
some of which 15 obtained from petroleum. Two-
thirds of the butzne and isobutane currently
preduced are produced from natural gas (E1A
May 1990]. Approximately one-third of the bu-
tane marketed in the United States is produced
by reflneries. Refinenes also produce a substan-
tial arnount of butane that is consumed internal-
Iv in the gasoline-manufaciuring process. It is
assumed that these proportions will conrinue in
the future.

Oit is also used in the production of ethanol
(harvesting of the feedstock, fertilization, electric-
ity generation, and so forth). Petroleum use {or
ethanol production is estimated to be equivalent
to 15 percent of the energy content of a gallon of
grain-hased ethanol {derived from Ho. October
i988). '

Potentially all the energy needs for cellulosic
ethanol production could come from the celiu-

- losic material itself (EPA, 1990). For purposes of

Table 3. Oxygenate Assumplions

Ttem Ethanoi ETBE MTBE
Proportion of Gasoline’

Cxygenated 0.25 0.25 0.5
Oxvgen Content of

Gasoline (volumei 3.1% 2.7% 2.7%
Oragenate Content of

Gasoline (volurne) 9% lavg) 17.1%  15%
Alcohin]l Content of

Oxygenate (volume) 10094 42.5%  33.9%
Nonpetroleum Content

of Isobutylene {volumel N/A 67.0%  G7.0%
Pctroleumn Required to

Produce Ethanol:

Proporton /Gellon EToH 0.075 0.075 N/A
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estimating petroleum use in ethanol production,
we have assumed that the ethanol used in this
scenario will be one-half grain-based and one-
half celiulosic. While some petroleurn may actu-
ally be used to produce cellulosic ethanel.
particularly in the early stages of commercializa-
ton. we expect the amount to be quite small. As
an approximation of the actnal amount. we have
assumed that no petroleurn will be required.

3.1.3 Allemative-Fuel vehicies:
Fuel-Volume and Vehicle-
Production Consiraints

The five alternative fuels most likely to be used
in vehicles in significant volumes over the period
covered between 1990 and 2010 are included in
the scenario. These are liquefied petroleurn gases
(LP Gas). compressed natural gas (CNG). ethanol
methanol. and eleciricity. These five fuels are
used in aggregate 1o achieve a 2-MMBD displace-
ment.

Each fuel appears to have strong vehicle and
regional markets. As a result. the most likely
cutlook for these fuels is for all five to be used in
combination itr the future. However. there are
several constraints that would limit the use of
several of the fuels, In the case of electricity,

vehicle (battery) production limitations exist that .

could restrict electricity’s share by 2010. In
2010, there may be fuel-production constraints

* on LP Gas and ethanol. Methanol and CNG do
not appear to be as constrained and therefore
should be able to achieve relatively high levels of
displacement (Difiglic, 1989).

Obviously, at high enough energy prices. these,
or any other, limitations can be overcome. How-
ever, in order to proceed with the analysis, judg-
ments were required to determine reasonable
upper bounds for battery, ethanol. and L Gas
production by 2010. These upper bound esti-
mates were made with consideration given to
practical, technological, and economic con-
straints {for exaraple. cleseness to competitive:
price. moderate expectation of research and
development (R&D] success. and no major dis-
ruption of current markets for the fusls or
feedstock. These estimates are documented
below.

E£thanel Production Capacity, Ethanol is ex-
pected to be produced from both grain {cora) and
cellulosic material. The Department of Agricul-
ture has stated that it dees not expect grain- or
corn-based production levels to exceed two (¢
three times current production levels (about 1
billion gallons per year) without exerting sorong
upward pressure on feedstock prices (USDA,
April 1988}). The Department of Energy (DOE)
estimates that approximately 3 billion gallons of
celulosic ethanol per year can be produced at
competitive prices by 2010 as a result of ils
enhanced R&D program (DOE. 1991). Therefore,
6 billion galions of ethanol appear to be the
maximurmn ethanol volume that reasonably could
be expected to be produced in 2010, However,
repregentatives of the ethanol industry have
argued that an 8-billion-gallon capacity is possi-
ble for 2010 (National Corn Growers Association,
1991). Considering the uncertainty assoeiated
with such estimates, this total is reasonably
cluse to DOE and Department of Agriculture
estimates and has been adopted in this scenario.
It is within the ranpe of feasibility, if technology
continues to develop at its current pace.

LP Gas Production Capacity. In 2010, 13.7
billion galions per year of LP Gas is assumed to
be available as a transportation fuel. This estl-
mate is based on the March 19921 report by R.F.
Webb for the LP Gas Clean-Fuels Coalition. the
February presentation of R.F. Myers of the Coali-
tion to the New Fuels for Cleaner Air Conference.
and conversations with L. Osgood of Phillips 66
Company in March and April 1891 {CFC, March
1991 and Myers. February 1921).

Table 4 presents Webb's estimates of LP Gas
availability and served as the basis for the esti-
mate. The estitnates presented for 2005 were
assumed to hold for 2010. The total North Ameri-
can supply increase of 27.3 billion gallions shown
in the 1able was reduced to 17.7 billion galions
by eliminating the estimates of LP Gas produc-
tion from Devonian shale. the Alaskan Naorth
Slope, or synithesis from gas or coal. We consid-
ered these sources 1o he too speculative in terms
of thetr actual realization by 2010 to be included
in the scenario.

The 17.7 hillion gallons available was further
reduced to account for growth in demand from
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Table 4. 1P Gas Clean-Fuels Coalition Estimates of
Availability of LP Gas as a Transportation Fuel

(bifions of gaions per yaan
Year

New Sources 1995 2000 2005
UsSA

Increased Gas Plant Recovery 4.5 4.6 4.6

Devontan Shale - —_ 0.9

Alaska North Slope 1.0 1.0 1.0

Iricreased Refinery Recovery 15 1.5 1.5

Increased Refinery Production 3.8 3o 3.9

Displacement of Low-Value Uses 4.3 2.7 3.1

LP Gas Synthesis from Gas, Coal, or Both — 38 7.7

Subtntal 15.2 17.0 2.7
Canada 2.4 3.3 _ 3.7
Medco 0.9 0.9 09
Toial North American Supply Incresse 185 21.2 27.3
Vehicles on Auto LP Gas* {millions} 14.6 16.7 21.4
Pereent of U.S. Vehicle-Fuel Market 10.0 10.6 12.5

* ineludes current 330.600.

other end-uses, because data presented in
Table 4 assurne that there is no growth in the
base demand for LP Gas. However, from the
Mpywers presentation, an estimate of a minirmirn of
4 billion gallons increase i “premium/capive”
demand for LP Gas can be derived. (By
“premium/captive” demand. we assume that
Myers mesns dernand that is relatively inelastic
at cwrrent prices.) The 1991 EIA Annual Energy
Cutlook projects an increase of 8 billion gallons
per year in LP Gas demand in the fmdustrial
sector by 2010. This increase Is partially offset
by a decrease in the residendzl sector. The net
effect is an approxdmately 5-billion-gallon-per-
year inerease for all uses, “premium /capuve” or
otherwise. We estimate that the ~premium/
captive™ demand is currently two-thirds of total
dermnand for LP Gas. Thus, the 4-billion-gallon
Projected increase in “premtum” demand is con-
sistent with the 6-billion-gallon increase in total
demand. Using the Myers estimate as a mini-
mum demand increase, we estimate that z net of
13.7 billion gallons per year is potentially =avail-
able” for wansportation.

I8

Some ai the LP Gas will come from petroleum
sources and therefore result in Jess net oil dis-
placement. Approximately two-thirds of LP Gas is
now coproduced with natuitral gas. We estimate
that the increrpental supply we are assuming will
also be approximately two-thirds from natural-
gas-associated sources (about 9.2 billion gallons
per year). This is consistent with the underlying
assumpuons in Table 4. Based on the Myers

" presentation (and the underlying Purvin and

Geriz analysis} and conversatons with

L. Os-good, we estimare that cne-half of the LP
Gas generated by the displacement of low-value
uses (1.5 billion gallons per year) is likely to be
replaced by petroleum or petrolenm products (for
example, naphtha} (Shiblom. 1830). All of the LP
Gas from increased refinery production {3.9
billion galions per year) will be replaced by petro-
leumn. The net effect is that 5.4 of the 17.7 billion
gallons (or 31 percent) is oll based, leaving the
remainder from natural-gas-associated sources.

Electric- and Hybrid-Vehicle Production. Maxi-
mum electric-hybrid vehicle (EHV) production by
2010 will be constrained by the rapidity with
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which battery technology evolves from the cur-
rent lead-acid batteries to more advanced batter-
ies that allow greater range and thus greater
market penetration. Further. it will be con-
strained by the rate at which EHV production
facilities. largelv battery, can be built and put
irito operation. Battery evolution and its effect on
the emergence of volume manufacturing of EHV's
- has been considered in an EHV-only scenario
developed by Argonne National Laboratory for
DOE (Bernard, 1990). Lead-Acid batteries are
expected to be used in limited numbers in the
early vears of the scenaria, followed by the intro-
duction of nickel-iron battery-powered eleetric
vehicles in the late 1990°s, The first volume
production of nickel-iron hybrids occurs in 2001.
Volume production of advanced-battery cars
(with a possible range of up t¢ 200 miles] is not
expected until 2005. No assumption abouc the
specific advanced battery-type is made. because

a variety of battery-types may be able to achieve
this range. Even then. the buildup in production
of these vehicles is gradual The total or maxi-

mum nurnher of EHV's projected to be it opera-

tiorr in 2010 in this EHV-only scenario is 12
million. Table 5 reproduces EHV sales and flest

assumptions used in the EHV scenario,

Other Frel and Vehicle Constraints. Vehicle-
production constraints are not expected for any
of the other AFV types. though the necessary
levels of AFV market share will be dificult to
achieve for many vehicle types. Details of a plau-
sible production schedule are presented in the
foliowing chapter. The scenario assumes that
once the maximum displacement possible with
ethanol, LF Gas, and EHV's is determined. CNG
and methanocl will split the remaining displace-
ment 1o be achieved by vehicles.

Table 5. 101-City Electric- and Hybrid-Vehicle Sales and Fleet

{thousands of EHV's)
EV (dcl EV (ac] HV
EHV
PbA.  NiFe, NiFe. NiFe. NiFe. NiFe. Nife. NiFe. EV Car Net New Fleet
Year YVan Van Van  Truck Car Van Truck Car Adv. Bat. EHVs Total
1989 o 7 J— — - —_ — — —_ _— 0.1 0.1
1983 I - - —_— - —_ _ —_ —_ 1 1.1
1984 1 — — —_ —_ - —_ — — 2.1
l19e5 1 0.1 —_ —_ — —_ — —_ — 1.1 32
1996 1 1 —_ —_ — — — -_— — 52
1987 — 10 1 — - —_ —_— — — 11 16.2
1988 — 10 50 —_ — —_ — —_ —_ 60 76.2
1989  — —_ 50 100 — 1 — — — 151 o7
2000 — - 50 100 100 10 — — — 260 487.2
2001 0.5 — 50 100 100 Lon — —_ - 349.5 836.7
2002 -0.% — 50 100 100 100 100 —_ —_ 4495 1,28682
2003 0.5 -5 50 100 100 100 100 100 - 544.5 1.830.7
2004 0.5 -5 50 100 200 100 100 200 — 744.5 2.575.2
2005 0.5 B 50 100 200 100 100 400 100 L0445 3.619.7
2006 0.5 -5 50 50 200 100 100 400 200 1.094.5 4.714.2
2007 -0.5  -1.1 0 0 200 100 100 300 400 1.198.4 59126
2008 0.3 — -50 -50 400 100 200 &00 600 1.799.7 7.712.3
2009 -0.3 — -50  -100 400 200 200 go2 800 2.049.7 0,762
2010 —_ — -50 -200 200 200 200 800 1.C00 2.150 11,912
Total o 0 a01 400 2.200 1.211 1.200 3.600 3,100 11512 —_
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CNG and methanol were not judged 10 be pro-
duction-limited fuels in the volumes and time-
frame reqguired for this scenario. As will be
discussed below, the scenario reguires the use of
0.9 trillion cubie feet of natural gas per year in
vehicles in 2010. This volume represents approx-
irmnately 4 percent of total natural gas use pro-
jected in the Urnited States for 2010 in EIA's

. reference case (EIA, 1991, Table AG}. The scenar-
io also requires the use of approximatcely
1.1-MMED methanol. According to one estimate.
if there were a sufficiently rapid expansion in de-
mand. and if the construction of large methanol
plants begins in 1895, methanol production
capacity could be expanded to exceed 3 MMED
by 2010 (Difighto. 1989).

3.1.4 Allemative-Fuel Vehicles:
Vehicle Types and Markets

The scenario developed here is one of widespread
and large-scale alternative-fuel use to achieve
the scenario goals. AFV's. hoth dedicated and
flexible-fuel {or dual-fuel), will have to be used in
. both the fleet and personal-use markets. Alterna-
tive fuel will have to be used in cars, light trucks,
heavy trucks. and buses. The specific assump-
tions regarding the vehicle markets for each
alternative-fuel type are detailed below.

Penetration in Fleets. The scenario assumes
maximum use of AFV's in the fleet market. This
assunxplion is consistent with Federal and State
efforts under way to promote the use of alterna-
tive fuels in fieets, with the requirerments of the
CAAA and the NES. and with the goals of many
alternative-fuel proponents who view fleet vehi-
cles as a desirable market niche.

The fleet-vehicle penetration assumptions fo1
fuels other than electricity are presented in
Table 6. Table 7 presents ocur estimates of the
number of fleet vehicles in fleets of the specified
minimum size in 2010, We assumne that AFV's
will generally penetrate larger rather than small-
er fleets. because of economies of scale that can
be achieved in refueling larger numbers of vehi-
cles. This assumption is based on the expecta-
tion that central refueling at private factlities
may be required initially as more economic. It
alsa is consistent with the CAAA which mandate
the use of clean-fuel vehicles in centrally fueled
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Table 6. Assumptions Regarding Use
of AFV's in Fleets

{(percent of the AFV's)

Fleet Type
(Size of 9g As % of AFV's
Vehicle Fleet) AFV CNG LPG EtOH McOH
Anips (10+} 20 25 25 25 25
Light Trucks (6+} 20 50 50 0 Q
HDT's (6+) a0 S0 50 Q (]
Schaool Buses a0 50 S0 (3] [u]
Transit Buses 100 50 o] Q 50

Table 7. Total Vehicles in Fleets
Fleet Type
(Size of Vehicle Total
Vehicle Fleet) {millons]
Aartos {104 5.89})
Light Trucis (6+} 3.589 .
HDT & {6+]} 2684
School Buses 0.994
Transit Buses 0.085

fleets of 10 or more in selected nonattainment
cities and with the NES fleet proposal describad
in Chapter 1. Use of alternative fuels in fleets o
displace sll use of gasoline and diesel fuel may
not be possible; therefore, we have assumed that
the maximum penetration in fleets will be. in
most cases, 90 percent.

Given the current state of technology develop-
ment and projected vehicle characteristics, in-
cluding costs, range. and fuel-storage space
needs, the most likely markets for CNG and LP
Gas vehicles are fleets, both light- and heavy-
duty. This is consisiert also with the current
market for CNG and LP Gas conversions. In con-
trast. flexible-fuel vehicles capable of ustng
methanol, ethanol, or both are being developed
predomuinantly for the household, personal-use
marke:. though flexdble-fuel cars are currently
being used in fleet demonstrations. For these
reasons. we believe that CNG and LP Gas are
more likely than ethanol or methanol 1o be used
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in fleet trucks (both light and heavy} and school
buses. Reflecting this, we have split these mar-
kets betweenn CNG and LP Gas. All four fuels are
likely to compete to some degree for the passen-
ger-fleet market. because of its relative size. We
assume that they will share the larger auto-fleet
market equallv. Substantial effort has heen ex-
pended to date to develop CNG and methanol
transit buses. Assuming continued success of
these efforts, this scenario assumes that this
market will be shared equally between CNG and
methanol. :

The EHV-only scenario discussed above assumed
that all EHV vans and light trucks would be fleet
vehicles. While there may in fact be some use of
EHV light trucks in fleets of six or more, we have
assumed here that they will penerrate the small-
est fleets (less than stx vehicles). While that same
analysis assumed that EHV autos would be
virtually all {98 percent) personal autos, there
are a few fieet autos. They are assumed here o
be used in fleets of less than 10.

Alternative-fuel light trucks and autos in fleets
will eventually make their way into the personal
auto and light truck market through resale as
used vehicles. It is assumed that by 2010 an
equivalent number of fleet autos and light trucks
are in operation as second-owner personal vehi-
cles. This assumption does not apply to the EHV
fleet trucks. which are assumed to be used their
full useful life in fleets. '

Personal-Vehicle Markets. In the personal-
vehicle market. it is assumed that methanol and
ethanol vehicles will be purchased in the same
approximate proportions as gasoline-fueled vehi-
cles: 70 percent will be cars and 30 percent will
be trucks. Purchase of personal-use CNG cars is
not as likely as with these two fuels because of
their limited raage on two CNG cylinders. In the
scenario. we assume that all personzi-use CNG
vehicles, other than the ones that were once fleet
vehicles. will be light trucks. The vehicle markets
for LP Gas are similar to those for CNG. but with
LP Gas's greater range. there may be greater
likelihood of its use in personal cars. Therefore.
we assume that 30 percent of the personal LP
Gas vehicles bought new are cars, while 70 per-
cent are light trucks. All personal-use EHV's are
assumed to be cars. The general focus of EHV

development efforts has been on light trucks for
fleer use and cars for household use {for exam-
ple, as the househeld second carl.

Dedicated Versus Flexible-Fuel Vehicles. For
fuels other than electricity, dedicated vehicles -
are assumed to be first purchased only in fleets.
The potential for central private refueling of these
vehicles is the prirnary reason behind this as-
sumption. Additionaily. individuals will be
reluctant to purchase a limited-range dedicated
vehicle that can be refueled at & relatively limited
number of public refueling outlets.

Because ol the substantial performance improve-
ments that can be obtained with dedicated gas-
eons~fuel vehicles (as opposed to dual-fuel/
gaseous-fuel vehiclesl. 80 percent of the CNG
and LP Gas fleet auros and light trucks are
assumed 10 be dedicated. Performance improve-
ments are not expected to be as dramatic with
dedicated ethanol and methanol vehicles. There-
fore. we project that just 20 percent of the etha-
nol and methanol fleet autos will be dedicated.
All heavy-duty trucks and buses are assumed to
be dedicated AFV's. :

Some dedicated vehicles will be used in the per-
sonal car and Lght-guck market as they are
resgld after use as fleet vehicles. Otherwise. all
personal-use vehicles are flexible-fuel. The same
dedicated vehicle percentages that are assumed
for fleet vehicles apply to personal-use vehicles
purchased secandhand after use as fleet vehi-
cles.

For vehicles fueled by electricity. one-half are
postulated to be all electric (dedicated) vehicles
by 2010. The other half are postulated to be
hybrid. with an internal combustion engine (ICE)
to provide range extension_ {Other hybrids are
possible. but are not included in the scenario.}
This is a direct result of assumptions underlying
the EHV-only scenarlo regarding the various
stages in development and production of alterna-
tive battery- and vehicle-types (Bernard. 1990).
The electric-vehicle share is as bigh as it is be-
cause of the assumed development of an ad-
vanced battery with a potential range of 200
miles. Without it, the electric/hybrid split would
be one-third /two-thirds.
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3.1.5 Altemative-Fuel Vehicles:
Vehicle Operation

The operating characteristics of AFV's (specifical-
ly. fuel economy and annual miles of travel), are
presented in Tables 8 and 9. Table 8 presents
the assumptions we made regarding vehicle
miles traveled (VMT) and fuel economy for con-
ventional vehicles (CV's) and all the AFV's_ except
EHV's. The assumptions for VMT and fuel econg-
my for CV's are consistent with those used in the
development of the NES. AFV's, except EHV's,
are assumed to have the same annual VMT as
CV's. Flexible-fuel- and dual-fuei vehicles are
assumed to operate 75 percent of the time on the
alternative fuel.

Flexible-fuel- and dual-fuel vehicles are assumed
to be 5 percent more energy efficient, and dedi-
cated vehicles 10 percent more efficient, than
their gasoline counterparts (on a British-
thermal-unit basis). No improvement in the ener-

Table 8. Vehicle Operating Assumptions
(CV's and dll AFV's excapt EHV'S)

Fuel Economy

Anmual
Vehicle (miles per gallon) Travet
Type Ccv FFV Dedlcated (miles)
Fleat
Ants 23 242 25.3 21.670
Light Truck 17 17.8 18.7 12,140
HDT 7 —_ 7.3 12200
Se¢hool Bus 8 — 8.2 8,200
Transit Bus 3.3 —_ 3.3= 32.800
Personal :
Auito 23 242 253 12,400
Light Truck 17 17.8 17.8 10.000

gy efficiency of AFV's is expected relative to die-
sel-fuel vehicles. (Note that FFV and dedicated
AFV efficiencies are scenario-specific generic
assurnptions. As octual efficiency data become
more available. they will be integrated into future
analyses.)

. The EHV's in this scenario have somewhat differ-

ent operating characteristics than are assumed
for other flect vehicles and personal-use cars.
These characteristics are presented in Table 9,
They were dertved from work by W, Hamilton, .
who limited EHV penetration to specific potential
applications (Hamilton. 1989). For example,
potenial applications in fleets were limited only
to vehicles parked overnight on company prem-
ises and. for electric vehicles, to trucks, vans,
and cars never driven beyond 75 to 8¢ miles per
day. Potential household applications were lmit-
¢d to passenger cars in multicar-househalds in
single- family residences with offstreet parking.
Thus, travel in EHV's should not be compared
directly with the average travel of all fieet or all
personal vehicles.

The hybrid vehicles are assumed to operate ap-

proximately 80 percent of the time on electricity
using the ICE on board for range extension The
small ICE will be more efficient than other vehi-
cles when operating on gasoline.

3.1.6 Alerndative-Fuel Vehicles:
Vehicle-Specific Fuels

The energy content {fower heating values) of fuels
usad 10 this analysts s shown in Table 10. Both
ethanoel and methanol, when used as a vehicle
fuel, are mixed with 15 percent gasoline by vol-
ume, This is true even with dedicated vehicles.

* Weighted by AFV replacement of diesel and gasoline
veiicies,

Table 9. EHV Operating Assumpfions.

Vehicle Annusal Travel

HV Fuel
Type EV HYV Economy
Fleat Auta 6.80% 12,951 365
Fleet Light Truck B, 752 13,250 21
Personal Auts 12,775 10,220 36
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Seven percent of the electricity generated for
EHV's is assumed to be from petrolenm

3.2 The Scenario
3.2.1 Summary

Table 11 presents an overview of the scenario, As
discussed in Sec 3.1.2. the oxygenates are est-
mated to displace approximately 0.5 MMSD
{0.52 MMBDLI. One-half of their dispiacement

is from MTBE, one-third from ETBE, and the rest
from ethanol's use in gasohol.
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Table 10. Energy Content

(Btu per gallon)
Fuel Content
Gasoline 115,400
Ethanol 75,670
E85 81.630
Methanol 56,560
M-85 65,386
LP Gas* 83.975
CNGC fon a gallon-equivalent basis) 115.400

Note: Lower heating values
* 959 propane and 5% butane

AFV's are expected to displace approximately 2
MMED. EHV's will displace 0.57 MMED; LF Gas
vehicles., (.46 MMBD: CNG vehicles. 0.49
MMBED: and alcohol-fueled vehicles, 0.67 MMBD.
The latter vehicies are predominantly flexible-
fuel-vehicles that will be able to use both ethanol
and methanol blends {E-85 and M-85). Approxi-
mately 70 million AFV's will be needed to achieve
this displacement.

3.2.2 vehicle Tofals
Table 12 presents the tota! number of vehicles by

vehicle type. Ninety-five percent of the AFV's are
cars and light trucks.

Table 11. Vehicles, Qil Displacement, and Alternative-Fuel Use by Fue! Type

Number of il
vehicles Displaced Alternative
Fuel Type (million) (million barrels per day) Fuel Used
9% Ethanol in Gasoline N/A 0.08 2.0 bil gal per year
17.1% ETBE ' N/A o.16 1.6 bil gal per year
2.2 bl gal per year isobutylene
15% MTEE in Gasoline N/A 0.27 2.3 hil gal per year methanol:
4.5 bil gal per year isobutylene
Flectricity 1192 0.87 220 gigavatthours per day
LP Gas 17.1 0.45 13.7 bil gal per ysar
CNG 8.8 0.49 0.9 trillion cuble fest per year
Alcohol (E-85, M—85. M-100] 20.8 0.67 . 4,4 bil gal per vear ethanol:
14.5 bil gal per year methanol
Total 67.6 2.50

Table 12. Total Vehicles by Type

{millons)
Cars 404
Light Trucks 23.8
Heavy-Duty Trucks 2.4
School Buses 0.89
Transit Buses . 0.08
Total 676

Table 13 and Figure 1 present the fleet- versus
personal-vehicle split. Approximately ane-quarier
of the AFV's are fleet vehicles, but this propor-
ton varies by fuel type. For example, more than
one-half of the CNG vehicles are fleet vehicles,
while cmly 10 percent of the alcohol-fuel vehicles
are fleet vehicles.

Tahle 14 and Figure 2 present the dedicated
versus dual-fuel/ilexible-fuel vehicle split. Ap-
proximately one-third are dedicated. Again. this
percent veries by fuel type, Three-guarters of the
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Table 13. Toilal Vehicles: Fleel versus Personal

(millionsy
Fuel School Transit Heavy-Duty Fleet Flesi Personal Personal Tota!l Total Total  Total
Type Total Buses DBuses Trucks LTs Cars LTs Cars LTs Cars Fleet Personal
EHV's 11.9 Q G o] 3.1 0Ot o 8.7 3.1 &.8 3.2 B.7
LPG 17.1 045 O 1.2 i 1.8 8.0 4.3 9.6 5.8 4.8 12.3
CNG 88 0.45 0.04 1.2 16 18 2.3 1.8 4.0 3.1 %9 3.9
Ethanol 7.9 0 0 G o 1.6 1.4 4.9 1.4 6.5 1.6 6.3
Methanol 219 0 0.04 o o 1.6 5.6 14.7 5.6 183 1.8 20.4
Total &7.6 Q.89 0.08 2.4 €3 63 174 4.1 238 405 161 51.6
Figure 1. Atemgative-Fuel Vehicles Figure 2. Alternalive-Fuel Vehicles
by Fuel Type (Fleet Versus Personafl) by Fuel Type (Dedicated Versus Flexible Fuel)
35 ] 35
304 208 | 30, 29.8
!
25 254
20. 5 20l
E LA % 20 17.1
=
EHV's LPE CN& Alcohol EHV's (A CNG Alcohal
- 7 Personat Vehicles il Flest Vahicles [] Hexibsle Fuel Vehicies Il Dedicated Vehicles
Table 14. Total Vehicles: Dedicated Versus Dual Fuet
{millons)
Dedicated Dedicated Dedicated Dedicated Dual-Fuel Dual- Total Totai
Fuel School  Transit Heavy-Durgy Light Light Dedicated Fuel Light Total Total Dual
Type Total Buses Buses Trucks Trucks Trucks Autos Autos Trucks Cars Dedicated Fusl
EHVs Il1.0 0 o] [t 0.7 24 5.3 3.5 3.1 8.5 8.0 559
LPG ir.1 0.45 Q 12 2.6 7.0 2.5 34 988 58§ 6.7 i0.4
CNG 8.8 0.45 0.04 1.2 26 1.4 25 0.6 40 3.1 68 2.0
Ethanol 7.9 0 0 a .0 14 0.8 58 14 6.5 06 7.3
Methanol 21.9 0 0.04 0 0 5.6 0.8 156 56 16.3 0.7 213
Total 676 0489 0.08 2.4 5.0 178 11.5 29.0 23.8 40.5 208 469
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CNG vehicles are dedicated. while just 4 percent
of the alcohol-fuel vehicles are dedicated.

3.2.3 Fuel Totals

Table 15 summarizes the alternative-fuel vol-
umes Tequired for the scenario. The ethanol and
LP Gas volumes are those that we assumed to be
a reasonable upper limit as discussed in section
3.1.3. At this point. we do 1ot anticipate any
additional constraints on production of the fuel
volumes shown in the table. The ethanol and
methanol tocals are for the alternative fuel itself:
they do not include the gasoline required 10
blend these fuels to E-85 and M-85, While 0.9
trillicn cubie fest {(tcf} of natural gas is projected
to be used in CNG vehicles, an additional 1. 1-tef-
per-year domestic natural gas will be required to
support this scenario. Natural gas will be used to
replace LP Gas drawn out of other markets, to
generate electricity for EHV's. and to produce
ethanol. The rationale for our estimate is de-
seribed below. The estirmate will be reexamined

in subsequent analyses.

Tabie 16 presents the LP Gas totals we assumed
for this scenarnio and discussed in Section 3.1.3.
It also presents our estimates of the amount of
LP Gas that will be replaced by new sources of

domestic natural gas. Vanous estimates exisi re- -
garding prajected increases in natural gas use by
2010. For purposes of this analysis only, we
assume that approximately 2-1ef-per-year addi-
tional natural gas will be consumed in that year.
independent of the scenario and its substantial
increases in CNG-vehicle use. Approximately 1.6~
billion-gallons LP Gas will be coproduced with
this 2-tef natural gas, thereby reducing 1o 3
billion gallons per year (from the 4.6-billion-
gallon total from increased plant recovery) the LP
Gas that must be generated by new sources of
natural gas. We believe the increased refinery
recovery of LP Gas {1.5 billion gallons per year)
can all be replaced by natural gas. as well as
one-half of the displacement of low-value uses of
LP Gas {3.1 billion gallons per year}. LP Gas from
Canadza and Mexico is not going to be replaced
by U.S. natural gas. In total, approximately 0.83
tef per year will be required to generate or re-
place these 6-billion-gallons-per-year LP Gas.

The Amoco analysis referred to earlier indicates
that natural gas to produce fertilizer accounts for
approximately 21 percent of the energy content
of a gallon of ethanol (Ho, 1989). Applying this
percentage te the ethanol volume in the scenario
results in an additional 0.23-tef-per-year natural
gas demarid.

Table 15. Total Aternative-Fuel Volumes

Required for Scenario
Fuel Type Altermative-Fuel Volumes
Ethanel 8 billion gal per year
Meathanol 16.8 billion gal per year
Natural Gas 2.0 tef per year®
LP Gas 13.7 billion gal per year
Electrictty 220 gigawatthours per day
Isobuiylene 6.7 hillion gal per year

= 0.3 tcf per year of natural gas from domestic sources
will be used 11 nanural gas vehicles. We estimate that
another 1,1 tef per year will be used (1} to replace the
{.PG drawm out of other merkcets. (2] to generate electricity
for EHV's. and (3] 1o produce ethanol {for example. in
feritlizer manufacture). Thus. a total of 2.0-1cf-per-year
domestc natural gas will be used in this alternative-
transportadon-fuels scenario. See text for further discus-
s10TT.

Table 16. LP Gas Volume To Be Replaced
by Domestic Natural Gas: 2010
(bilion gals per yean)

Increased LP Gas  LP Gas o be
Available for Replaced by
Transportation Additional
and Other Damestic
Uses from Natural
Sources U.5. Sources Gas
Increased Gas Plant
Recovery 4.6 3.0
Increased Refinery
Recovery 1.5 1.5
Increased Refinery
Production 3.9 e}
Displacement of
Low Value Uses 3.1 1.65
Total 13.1 6.15
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Natural gas will also be used in the generation of
electricity for EHV's, Hamilton assumed it would
be 7 percent. which leads to an additional 0.08
tef per year. In sum, an additional 1.1 tcf per
vear of natural-gas production mayv be required
to support the scenario.

3.2.4 Concluding Note

This scenario was develaped to achieve a target
displacement of 2.5 MMBD in 2010. The transi-
ton required 10 reach the target levels is particu-
larly imporiant in view of the number of vehicles
assumed to be on the road. In the scenario, all
vehicles are assumed to have average use and
performance characteristics. Consideration was
not given to minimum vehicle-produetion

requiremenis for mass-production of specific
vehicle fuel types. vehicle survival and utilization
Tates (the VMT and fuel economy of vehicles by -
age). and actual rales of fleet vehicle turnover to
the persanal market. In the following chapter,
this scenario has been revised to take account of
these factors. while attempting to match the
alternative-fuel use and oil-displacement totals
rresenied above, Vehicle-use characteristies and
the number of vehicles of the various types have
been adjusted 1o reflect these phase-in and pro-
duction constraints. The results of this refine-
nent are presented in Secticn 3.3. The vehicle
towals and displacements achieved in the revised
scenario and presented in Section 3.3 will be
used as the basis for subsequent cost/benefit
analyses.

Evolution of the Vehicle
and Fuel-Distribution Infrastructure

The purpose of this section is (o describe a feasi-
ble path for the timing of AFV's introduction and
sales that could lead to the quantities of alterna-
tive-fuels use envisioned in the seenario
described in the preceding section of this chap-
ter. In addition. we develop rough estimates of
the costs of fuel distribution and retatling infra-
structure required to support such levels of fuel
use. The point of this exercise is not to precisely
match the numbers of vehicles by type and us-
age pattern in 2010, but rather to achieve the
fuel-use volumes of the scenario presented in the
preceding sectiornl. with the same pattern of vehi-
cle and fuel types by specifying a plausible path
of vehicle and fuel sales thart could lead up to the
desired result.

The first part of this section describes the key
assumptions we used to develop guidelines for
the scenario evoluton. We assumed introduction
dates of AFV's that were consistent with the
likely timing of availability of the requured tech-
nology as reflected in provisions of the Alierna-
tive Motor Fuels Act of 1988. the CAAA, and
California’s Low Emission Vehicles and Clean-
Fuels Program. We assurue that production of
AFV's begins in a manner consistent with the
startup of conventionai-vehicle assembly lines, in
blocks of 200,000-10-300.000 similar vehicles.
We use a vehicle stock model {described below)
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to perform stock evolution and fuel-use calcula-
tions. We used 1891 EILA assumptions for fuel
prices and consistent projections for tatal auto-
mobile, light-truck. and heavy-truck sales. Clear-
ly. there are any number of ways of reaching the
alternative-fuel use goals of the 2010 scenario.
The particular course of evalution we provide
here is merely intended to illustrate one possible
path by which the goals can be reached,

The second part of this section describes rough
estirnates of the magnitndes of investments in
vehicles and infrastructure required to make this
scenario possible. We explain the naiure of the
additional infrastructure and vehicle costs and

“describe the resulting costs over time to present

very approxitnate estimates of the financial out-
lay required.

3.3 Scenario Description

To develop a feasible scenario for the timing of
AFV's introduction and sales, we assumed that
the introduction dates would be consistent with
the dates presented in the Clean Air Aci Amend-
ments. the Alternative Motor Fuels Act, and the
California Clean Fuels Initative. All of these
suggest that large-scale production of such vehi-
cles can begin berween 1995 and 2000. For this
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scenario, we assumed that production of flexible-
fuel vehicles will begin around 1996, with dedi-
cated-fuel vehicle production beginning at low
levels i 1998, The assumuvtion that the technol-
ogy required for these AFV's will be available at
these times is critical {see Chapter 6).

In the vehicle stock model we use. the Alterma-
tive Motor Fuel Use (AMFU) model. fuel use de-
pends on the size of the vehicle stock and on its
use (Greene and Rathi. 1990). Fuel prices affect
vehicle usage rates. Fuel-price projections are
based onn EIA'S 1991 Annual Energy Outlook,
Reference Oil Price projections (E1A, 1991, Table
A3). Figure 3 shows fuel prices converted to a
common base of price-per-gallon-of-gasaline-
equivalent energy content. Vehicle sales projec-
Hors for cars. light trucks, and heavy trucks
were taken from the Data Resources Inc. 30-year
trend projection for July 1990, a projection fairly
consistent with the ElIA 1991 Annual Energy
OQutlook. This forecast anticipates shuggish sales
for the next five years, followed by very slight
inereases in passenger car sales and steady. but
" still modest growth in light-truck sales {Fig-

ure 4). The fact that the motor-vehicle market is
not growing rapidiy implies that AFV'S must
capture major market shares to achieve the fuel-
use goals of the 2010 scenario.

Light-Guty vehicles are introduced in stages,
phased in blocks of approximately 250.000. We

assunted that an assembly line operating at full
capacity manufactures from 200.000 to 300.000
vehicles cach year, and that the startup pattern
for vehiele production would be approximatety
50,000 vehicles in the first year, increasing to
150.000 in the second year, and 250.000 vehi-
cles at full capacity. AFV's can be produced eco-
nomically in smaller numbers especiaily when,
as with flexible-fuel ethanol and methanol vehd.
cles. the technologies are essentially identical.
We are assuming, however, that original equip-
ment manufacturers’ AFVs will embody signifi-
cant design changes to take advantage of, or
accommodate, fuel properties. For heavy trucks
we assuried a smaller production level, because
assembly lines for heavy trucks operate at a
Iower full capacity than light-duty assembly
lines. Electric-vehicle production was directly
based on the production scenario fflustrated in
Table 5.

We then used the AMFU model to integrate pro-
duction of vehicles. perform stock evelution, and
caleulate expected fuel use. The AMFU model is
a computer-based model that forecasts fuel use.

‘vehicle use. and vehicle stock for 1 to 40 years

into the future. It allows the user to define sever-
al different vehicle types. as well as defining
different technology types within each vehicle
type. This allowed us to define dedicated as well
as dual- or {lexdble-fuel vehicles and also to
indicate fleet versus personal-use vehicles.

Figure 3. Retail Fuel Price Projections
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The AMFU model allows us to wreat fleet and
personal household vehicles differently in terms
of use. scrappage. and efficiency. In addition, we
can specify when a particular tvpe of fleet vehucie
is resold to the household sector as a secong-
hand vehicle. For this scenario. we assumed that
fleer automohbiles reverted to the household sec-
tor after being in a fleet for 3 years. while light
trucks move into the household sector after 5
years. After that period of titme. 80 percent of
previcus fleet automobiles and 50 percent of
light trucks become personal or household vehi-
cles.

Using the production patterns described aonove.
we “built up” projections of vehicle sales by vehi-
cle type and vear by adding blocks of 250,000 aL
different tirnes. For alcohol-fuel vehicles. we
anticipated that production of flexible-fuel fleet
automnobiles would start in 1996, with personal
flexible-fuel vehicle production beginning in
1997. The production of flexible-fuel methanot
and ethanol automobiles begins in 1996 with
{leet sales at 75,000 each. and in 2610 r=aches
peak sales of 250.000 fleet automobiles and 2
million methanol and 300.000 ethanol
personal-use flexible-fuel vehicles. Production of
flexible-fuel ethanal Hght truucks begins in 1996
with sales at 10,000 and sales in 2010 of
150.000. Flexible-fuel methanol light-truck pro-
duction begins in 1998, with sales at 25,000 and
sales in 2010 of 600.000. The distinction
between cthanol and methanol flexible-Riet vehi-
cles is merely intended to ensure the desired
proporuons of fue] use. In actuality. it is likely
that the vehicles will be identical and capable of
using either fuel.

Dedicated methanol- and ethanol-vehicle pro-
duction begins in 1996. with combined sales of
80.0C0 for both methariol and ethanol fleet and
Lwousehold passenger cars. Sales are evenly di-
vided between methansl and ethanol. household
and fleet vehicles. By the vear 2000. sales reach
160.000. where they remain through 2010. In
1997. 1.000 dedicated methanol buses replace
buses previously fueled by diesel fuel, Dedieated
methanol bus sales reach 5.000 by 2010.

Gasepus-vehicle production cormmences in 1996

with dual-fuel CNG and LP Gas light uucks sold
to fleets. Initial sales are 10,000 each. In 2010,
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40,000 dual-fueled CNG fleet Llight trucks are
sola with 150,000 dual-fuel CNG trucks sold to
the personal market. In 2010, 40.000 fleet LP
Gas ligght trucks are sold. with sales of
personal-use LP Gas light trueks ab 150,000,
Production of gasenus dual-fuel passenger cars
begins in 1998, with 50,000 each of LP Gas and
CNG auios. Both rypes are sold in equal num-
bers in both the fleet and household markets. In
2010. dual-fuel L? Gas {leet sales reach 50.600.
and dual-fuel LP Gas personal autos have
reached 600.000. In 2010, dual-fuel CNG fleet
and houschold auto sales total 40,000 each. Pro-
duction of dedicated gaseocus-fueled automobiles
also hegins in 1998, with total sales at 80.000
units, and light-truck production begins in 1999,
also with 80,000 units. Dedicated CNG and

LP Gas buses first appear i 1996, with
heavy-truck production beginmng in 1999, The
CNG buses produced replace those buses previ-
ously fueled by gasoline, and CNG transit buses
replace those fueled by diesel. LP Gas buses
replace those previously fueled by gasoline, near-
ly all of which are school buses. By 2010, more
than 90 percent of gasoline bus sales have been
replaced by alternative-fuel buses. and about
one-half of diesel buses have swiiched, as well.

As stated above. electric-vehicle production fol-
lows the scenario outlined in Table 5. Production
of fleet vans and light trucks begins in 1992,
with a mere 100 vehicles, and increases to sales
of 2.400.000 iz 2010.

Alternative-fuel passenger cars capture almost
20 percemt of the car market in the year 2000,
increasing to 40 percent by 2005 and almost 60
percent by 2010 (Figure 5). Alcohol-fuel cars
make up the largest camponent of the passenger
car AFV's followed by electric cars. both hybrids
and battery-electrics, LP Gas. and then CNG
vehicles. AFV's capture 40 percent of the
light-truck market in 2010, with gaseous (LP Gas
and CNG) fuels dominating and electric trucks
and vans capturing a relatively minor fraction
{Figure &].

Using the sales projections indicated above, we
estimated the vehicle stock and [uel use by vehi-
cle type. The total stock of aunteormnebiles in 2010
is estimated to be approximately 170 million
ltguid or gaseous fueled. and 12 million electric
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vehicles and EHV's. Of these, conventional-fuel
vehicles nurnber approximately 133 million, the
remaining 37 million automobiles being fueled by
methanol. ethanol, CNG, or LP Gas. There are
approximately 20 rmillion methanol automobiles,
8 million ethano! automobiles. 2.8 million CNG
autcmobiles, and 5.2 million LP Gas automo-
biles. Gaseous- and alcohol-fuel passenger cars
thus account for more than 20 percent of auto-
mobile stock in 2010.

The total ght-truck stock amountis to approxi-
mately 67 million units in 2010. Of these.

47 million are conventional petroleum-fuel light
trucks; 15 million use alternative gaseous or
alcohol fuels: and there are 4 million
electric-vehicle and EHV trucks and vans.

Total heavy-truck stock in 2010 is 6.4 million. of
which 4.9 million are gasoline and diesel heavy
trnacks, with the remaining 1.5 million being
alternative-fuel (LP Gas and CNG) trucks. Bus
stock in 2010 is approximately 1.5 million. Of
these, 1 million are gasoline and diesel-fuel bus-
&5, and 500,000 are alternative-fuel buses.

The above indicates that 27 percent of passenger
cars, 28 percent of light trucks, 23 percent of

heavy trucks, and 33 percent of buses need to be
AFV's by 2010. Because these vehicles are newer
than the average vehicle. they tend to receive

greater use and are just slightly more energy effi-

cient

The above projections generate levels of fuel use
that match the 2010 scenario almost exactly.
The pumbers of AFV's using methanol displace
0.51 MMBD, Those using ethanol displace an
additional 0.16 MMEBD. (Gaseous AFV's using

LP Gas displace 0.465 MMED, while those fueled
by CNG displace 0.51 MMBD. Electric vehicles
and EHV's and eould displace 0.3 MMBD. for a
toial displacement of 2 MMBD through the use
of alternative motor fuels.

In addition, substantial oil displacement is
achieved through the use of oxygenated or refor-
mulated gascline. By adding products derived
from methanol and ethanol to gasoline, a dis-
placement of 0.51 MMBD can be achieved with
the number of gasoline-powered vehicles
described above. Ethanol in gasoline accounts
for 0.8 MMBD. ETBE accounts for a displace-
ment of 0.16 MMBD and MTBE, a displacement
of 0.27 MMED.

. Figure 5. Passenger Car Sales by Fuel Type
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Figure 6. Light Truck Saies by Fuel Type
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3.4 Conclusions

The 2010 scenario for alternative motar-fuels nse
requires aggressive introduction of the AFV's and
simultaneous market penetration by severat
new-vehicle technologies to reach the target
numbers cutlined in the scenario. While it ap-
pears to be technically possibie to reach the fleet
and fuel-use configuration outlined in the sce-
nario. several key uncertainties remain,

One key uncertainty is consumer acceptance of

AFV'a. The operating characteristics of AFV's are
somewhat different than those of CV's, especially
with respect to the additionat cost of purchasing
an AFV and 10 the necessity of adapting to differ-

ent refueling patterns to achieve the same usage
asa V.

Another kev uncertainty relates to the reliability
and durzbility of the technology required to pro-
duce and run AFV's. The scenario inroduces
AFV's at an early date and in large numbers. For
technelogies that are not yet fully market ready,
it is likely that unforeseen problerns may arise
after the vehicles are introduced. These may be
minor and easily resclved. If not. they could seri-
ously ompact vehicle sales and scrappage.

Fuel costs ard fuel-supply buildup are another
important uncertainty. Fuel supply would need
1o be expanded rapidly and regularly, without
major cost Tunups 1o allow individuals with
AFV's access to economically priced fuel.

References

1. An Assessment of Propane as an Alternative
Transportation Fuel in the United States. prepared
for LPG Clean Fuels Coalition by R.F. Webb Corpo-
ration (March 1991).

2. Analysis of the Economic and Environmental Ef
Jects of Ethanol as an Aulormnotive Fuel U.S. Envt-
ronmental Protection Agency Special Report [April
1990).

3. Annual Energy Outlock, US. “epartment of

Energy. Energy Information Admnistration Report
DOE/ELA-0283(90} (January 1990),

30

4. Annual Energy Outlook. U.S. Department of
Energy. Energy Information Administration Report
DOE/ELA-0383(9]) (March 1991).

5. Bernard. M.J.. et a\.. Three Scenarios jor Electric
and Hybrid Vehicle Cormmerdalization. Argonne
National Laboratory Report ANL/ESD/TM-13
(1990}

6. Difiglio, C.. Timing of Methanol Supply and De-
mand: Implications for Alternative Transportation
Fuel Policies, Transportation Research—aA, Vol. 23A.
No. 3. pp. 229-241 (1989).

7. Ethanol: Econormic and Policy Tradeoffs. U.S.
Dept of Agriculture Agricultural Economic Report
Number 585 (April 1988).

8. Greene. D.L. and A. Rathi. 1990. “Alternative
Motor Fuel Use Model: Theory and Design and
User's Guide,” ORNL/TM-11448. Oak Ridge Na-
tional Laboratory. Oak Ridge. TN, March.

9. Greene. D.L.. and M.K. Singh, 1990, "First Inter-
i Report of the Interagency Commission on Alter-
native Motor Fuels.” Office of Policy. Planning, and

Analysis. U.S. Department of Energy. Washington,
DC. September.

10. Hamilton. W., Electric and Hybrid Vehicles:
Technical Background Report for the DOE Flexible
and Alternarive Fuels Study. U.S. Department of
Energy Report DQE/ID-10252 (July 21. 1989).

11. Ho, $.P.. Global Warrming Impart of Ethanot
versus Gasoline. presented at 1989 National Con-
ference: Clean Air Issues and America’s Motor Fuel
Business [October 1989).

12. LPG Supply and Dernand. Purvin and Ger'z,
inc.. presented at the U.S. Alternative Fuels Coun-
cil Meeting, Philadelphia, PA (Novermber 15. 1930).

13. Myers. R.E.. Some Facts and Myths of LP-Gus
as an Altemnative Motor Fuel New Fuels for Clsaner
Ajr, Phoenix. AZ (February 1991).

14. Nationel Cornt Growers Association. parsonal
communication, April 1991,



POTENTIAL ALTERMATIVE-FUEL UsE SCENARC

15. Petroleumn Supply Annual 1989, Volume 1. U.S.
Department of Energy. Energy Information Admin-
istration Report DOE/ELA-0340(89]1/1 (Mayv 1980).

16. Resoluton, 15.5. Allernative Fuels Couneil (De-
cember 12, 1990).

7. Shiblom. C.M.. et al.. Use of Ethyl-t-Butyl Ether
(ETBE} as a Gasoline Blending Component, SAE
Paper 902132, presented at the International Fuels
and Lubes Conference. Tulsa, OK (October 1890).

18. The Impact of the Ciean Air Act on Molor Fuels,
Information Resources, Inc.. December 1990,

19, U.S. Department of Energy. unpublished infor-
mation. 1991.

20. U.S. Department of Energy. Energy Information
Administration, 1991. 1991 Annual Ensrgy Out-
ook with Projections to 2010." DOE/EIA-0883 (9]).
Washington. DC, March.

21. U.S. Department of Energy. Ollice of Policy.
Planning. and Analysis, 1980. "Assessment of Costs
and Benefits of Flexible and Alternative Fue] Use in
the U.S. Transpartation Sector, Technical Report
Four: Vehicle and Fuel Distribution Requirements.”
DOE/PE-0095P. Washington, DC. August.

31




