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Abstract — A survey of vehicle owners was conducted in New York State and Cahfornia to explore
the potential target market for methanol in the household sector Data were colleted on revealed
and reported premium gasoline purchase behavior and willingness to pay for cleaner fuels and
more power We found that drivers are willing to pay slightly more for cleaner fuels than for more
power, although we do not interpret this to mean that when confronted at a fuel pump with twe
choices, one fuel cleaner but more expensive than the other, a motorist would select the more
expensive cleaner-burning fuel We found that income is not an 1mportant varniable 1n predicting
the purchase of cleaner fuels and that female drivers and Califormans are wiiling to spend more
on cleaner fuels than are male drivers and New Yorkers, respectively Current premium gasoline
users are willing to pay more for additional power and cleaner fuels than are regular gasoline
users, indicating that premum gasoline users are hikely to be imtial buyers of methanol fuel and
methanol-powered vehicles

INTRODUCTION

This article 15 an exploration of the market for methanol fuel 1n the household vehicle
market The objective is to analyze the hkely target market for methanol those who use
high-octane (premium) gasohine and value both power and low-polluting fuels The article
1s based on a survey of vehicle owners i California and New York State

The underlying hypothesis of this article 1s that a subset of premium gasoline buyers
are the imitial target market for methanol as a transportation fuel We focused on pre-
mium gascline because it 1s the closest analogy m the marketplace to methanol fuel
Although methanol and premium gasohne have two important attributes in common —
high octane ratings and high prices —they also have disstmilar attributes, some superior,
others inferior Methanol’s superior attributes from a user perspective include generally
less air pollution and more engine power, whereas on the negative side 1t has half the
energy per unit volume {resulting in shorter driving range per unit velume) and generally
higher cost

The analogy between methanol and premium gasoline 1s useful in that high-octane
premium gasoline 1s priced substantially above regular gasoline, as methanol hkely will
be, and has gained a large and growing market share Because methanol will also be more
costly to the consumer than regular gasoline (unless 1t 1s subsidized), 1t will have to be
viewed as a premium fuel if it 1s to gain market share If methanol imitially gains only a
part of the premium gasoline market share, that will still be substantial because the
premium gasoline market is so large Thus, according to this premuum fuel analogy, if
methanol 1s percerved to be a superior fuel, we can expect a large number of people to be
willing to purchase it, even 1f 1t 1s more expensive than regular gasoline

In this study, revealed and reported premium gasoline purchase behavior are used to
measure demand for octane, and a mixture of hypothetical choice questions are used to
analyze demand for two other key attributes of methanol fuel —less poliution and extra
power Refueling frequency, the one major nonmonetary negative attribute associated
with methanol, was tested using a stated preference question, but because many respon-
dents seemed to be confused by the wording of the guestion, their responses could not be
used.

33
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BACKGROUND

Currently, the principal motive for introducing methano! as a transportation fuei is
its superior emission characteristics less airrborne toxics and less reactive hydrocarbons
Methanol has two other :mportant attributes from a consumer perspective (one positive,
the other negative) that distinguish 1t from gasoline (a) It provides about 10% greater
power than gasoline 1n a comparably sized engine, and {b) because methanol has only haif
the energy content per umt of volume of gasoline, methanol vehicies must be refueled
almost twice as often (or outfitted with larger fuel tanks} Methanol has other distinctive
attributes, but they are either relatively unimportant 1n the vehicle and fuel purchase
decision or they cannot be characterized readily as a clear advantage or disadvantage
(Deluchy, et af , 1988, OTA, 1990, Sperling, 1988)

Premium gasoline 1s distinguished from regular gasoline primarily by its higher oc-
tane rating and higher price In recent years, regular unleaded gasohne in the Umted
States had an octane rating (R + M)/2) of 87, whereas premium grades generally had
ratings of 91 or 92 In the late 1980s, gasoline marketers in the United States began selling
a mudgrade premium gasohne with ratings of 88 to 90, first on the East Coast and later
elsewhere, to take advantage of what they saw as a greater willingness of consumers to
pay extra for premum gasohine

Virtually all of the premium gasoline sold in the United States since the early 1980s
has been unleaded Premuum gasoline sales increased steadily from 12% of the total
gasohine market 1n 1983 to 23% 1 1989 (EIA, 1990b) The price differential between
premmum and regular unleaded gasoline increased from 7 cents per galion in 1983 to 13
cents mn 1989 (EIA, 1990b)

It 1s widely believed by o1l and auto industry analysts that people are buying premium
gasoline beyond what their vehicles need (GAQ, 1991} In other words, consumer percep-
tions of the benefits of premium gasohine may not match the reality of those benefits The
major auto manufactures msist that virtually all their cars will run well on regular gaso-
Iine The only systematic test of octane needs are those conducted annually by the Coordi-
nating Research Council (CRC, 1989) Those studies tend to overstate octane require-
ments, if knocking 1s detected 1 a car, then that car s determined to need a higher
octane, even though automotive engineers note that small amounts of knocking and
pinging do not hurt the engine In fact, an engine 1s considered to be operating most
efficiently when it knocks on hills and during acceleration

Even so, using its more conservative approach, CRC determined that 73% of new
cars needed up to 87 octane in 1985, 82% 1n 1986, 73% 1n 1987, and 88% 1n 1988 Taking
into account octane “creep” in aging cars, CRC estimated that 15 to 16% of all cars in
1987 and 1988 required greater than 90 octane Because sales of gasoline rated at over 90
octane accounted for 23 5% of sales in 1988, one concludes that at least one third of all
premium gasoline sales are unneeded This figure 1s consistent with estimates by Energy
Information Admunsstration (EIA, 1990a) that 15% of all cars (excluding vans and hight-
duty trucks) required premium gasoline However, a study by General Motors (GM,
1989) found that only 3% of the automotive fleet (including cars, vans and light trucks)
needed premium gasoline One reason these studies differed 1s that GM used untrained
raters i estimating premium gasoline needs, whereas the EIA and CRC estimates are
based on tests with tramed raters, who presumably are more sensitive to knocking and
pinging (GAQ, 1991)

Given that many, if not most, buyers of premium gasoline do not need to use
premium gasoline, we examine 1n this article whether premium gasoline buyers weuld be
likely to switch to methanol, also a high-octane, high-priced fuel

RESEARCH APPROACH

Respondents m two very different regions —California and New York State —were
interviewed by mail to determine their willingness to pay for methanol fuel Methanol
was never specifically mentioned in the survey to assure that respondents’ superficial and
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perhaps mnaccurate knowledge of methanol would not contaminate their fundamental
valuations of attributes Current attitudes toward methanol are not stable or strongly felt
and are hkely to change over time as information regarding methanol 1s more widely
disseminated

A two-step analysis was conducted First, demand for the principal methanol attri-
butes was analyzed, then the attribute analyses were synthesized to gain a sense of the
potential magnitude of the methanol market

The three principal positive attributes of methanol, not directly measurable in mone-
tary terms, were tested to determine the upper level of demand for methanol high octane,
low air pollution, and greater engine power Demand for a less polluting fuel and a more
powerful fuel (1 e , methanol) was tested using two stated preference questions Demand
for high octane was tested using a revealed preference question

In the second and last analytical activity, the potential size of the methanol market
was explored by identifying groups of individuals that value multiple positive attributes
of methanol

DATA COLLECTION AND MEASUREMENT OF VARIABLES

Sample size

In late February 1989, 5000 questionnaires were mailed to registered owners of a
random sample of automobiles in New York and Cahfornia The mailing lists were
purchased from R L Polk, Inc and included the name and address of the owners and
the year, make and model of the vehicle The list included 1974 or later model year
vehicles Each respondent was asked 1n the cover letter to respond with respect to the
identified vehicle or, 1f that vehicle had been replaced, for the vehicle which had replaced
it Each survey was numbered and coded so that we could monitor whether the responses
were for the vehicle specified in the R L Polk sample Of the 5000 individual sampled,
1876 usable surveys were returned Another 505 were returned as “undeliverable,” 11 were
returned from diesel owners, and 6 were returned blank without comment Therefore, the
final response rate 1s 42% Of the 1876 usable responses, 1504 (80 2%) were for the
specified vehicle The returned questionnaires were weighted heavily toward males (ap-
proximately 69%j), as are automobile registrations

Dichotomous choice with contingent valuation method

The contingent valuation method (CVM) was selected for this study to derive esti-
mates of consumer willingness to pay for typical attributes of methanol fuel that differ
from gasoline. CVM 1s widely accepted as a method of generating willingness-to-pay
{(WTP) functions for a wide vanety of market and nonmarket goods, including environ-
mental benefits For further discussion of CVM, see Cummuings and Brookshire (1986)

The basic premise of CVM 1s that a good, market and payment techmque are de-
scribed to a respondent, who then bids how much he or she 1s wilhing to pay for that
good under those conditions Traditionally, each respondent’s WTP 1s determined with
open-ended questions, in which respondents are allowed to bid their own amount, or with
iterative bidding, 1n which an interviewer presents a series of possible bids, usually n
mcreasing order, to a respondent until a “no, I would not pay that amount” response is
ehicited These twe methods do not represent how individuals actually make decisions
To give respondents a more markethike setting, we used dichotomous choice CVM In
dichotomous choice CVM, each respondent 1s asked to accept or reject one particular
good at a specified price (bid)

In dichotomous choice CVM, the sample is divided into subsamples, each of which
15 presented a different bid amount with a dichotomous choice “Yes, I would pay that
amount” or “No, I would not pay that amount ” Each subsample has an associated
frequency distribution of yes respenses which can be inferred to be valid for the entire
sample These frequency distributions yield a willingness-to-pay curve analogous to a
demand curve
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Logistic regression (discrete choice analysis) can be apphed using the frequency dis-
tribution of yes and no responses for each question as the dependent variable The effects
of independent variables —such as income, education level and type and characteristic of
vehicle —are interpreted as an mndividual’s willingness to pay For dichotomous choice
with CVM, see Hanemann (1984) and Loonus (1988)

Sampling procedure

For our study, eight different bid amounts were specified for each guestion Individ-
ual respondents were randomly assigned to a survey version resulting in eight subsamples
Because there were six different questions which employed this technique, each version
had the same st of bid amounts on those six questions The implicit pattern created,
that of simular bid values for each attribute, avoids signaling the respondent that one
characteristic should be valued more or less than another Appropriate bid amounts were
determuned by pretesting to cover the largest range of possible WTP responses while
remaining sensitive to the critical portion of the range.

Because respondents were selected randomly, 1t was expected that each subsample
would be representative of the larger sample and therefore that resuits from those sub-
samples could be extended to the larger sample Indeed, response rates (see Appendix
Table A-1) were not significantly different for the eight subsamples, ranging from 11 9%
to 13 2% of the total sample; nor were differences in the basic demographic variables
(sex, income or education level) statistically significant between subsamples

Variable specification

The measurement and specification of vanables used 1n this article are presented in
Table 1 To analyze demand for methanol, we 1dentified two indicaters that are treated
as distinct dependent variables (a) willingness to pay for cleaner fuel, and (b} willingness
to pay for extra power These variables are binary variables They were coded as zero if
the respondent was not willing to pay at a given price (bid amount) and one 1if the
respondent was wilhng

Data for seven independent explanatory variables were collected in the survey, we
grouped these vanables as shown in Table 1 The first subgroup includes socioeconomic
and demographic attributes Data on total annual household income (before taxes) were
collected as a 12-interval-scale variable and recoded into three categories $24,999 or less,
$25,000 to $59,999 and more than $59,999 Education level was then collapsed into three
groups those with up to 12 years of school, those who attended up to 4 years of college
and those with more than 17 years of schooling. The rest of variables 1 the first sub-
group —sex and state of residence —are binary varniables

Other independent variables are engine size, measured as number of cyhnders, and
type of fuel “mostly used by driver,” classified as unleaded regular, midgrade and pre-
mium Only 78 respondents used regular leaded gasoline, and therefore they were deleted
from the analysis.

Variables with missing values

In mail or telephone surveys some questions are not answered These missing values
will reduce the usable sample size considerably, especially when the missing value pattern
1 scattered Consequently. the reduced data may lead to less efficient estimates More-
over, possible biases may arise when missing value cases are deleted (Little and Rubin,
1987) In our case, the sample size would be reduced from 1876 to approximately 1563 (a
reduction of almost 17%) if guestionnaires that contained missing values were deleted
An attempt has been made to impute those missing values Five of the seven independent
variables have at least one missing value (see Appendix Table A-2)

Single imputation

Single imputation — assigning values to missing observations —1s the easiest and most
commonly used technique for handling nonresponse. However, this techmque for han-
dling nonresponse has a drawback Single imputation may lead to underestimation of
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Table | Varniables used in the model

No Variable Defimition Values
A Dependent Varables
1 WTPAQ Willingness to pay for cieaner fuel 0 = no
1 = yes
2 WTPXP Willingness to pay for more powerful fuei 0 = no
1 = yes

B Independent Variables
3  Logofbid Log of bid amount (in dollars) log(C 02)%, (0 03)°
log(0 05), (0 06)
log(0 10), (0 09)
log(0 15), (0 12)
log(0 20), (0 15)
log(0 25), (0 20)
log(0 35}, (0 30)
log(0 45), (G 40)

Soctoeconomic & Demographic Attributes

4 Income Annual household income before tax 1 = less than $25,000
2 = $25,000-%59,999
3 = more than $59,999
5  Education level Number of years of formal education 1 = 12 yrs orless
2 = 13-16yrs
3 = 17yrs or more
6 Sex Sex of respondent 0 = female
1 = male
7 State Respondent’s domicile state 1 = New York
2 = Califorma
Vehicle Atiributes
8 No of cylinders Number of cylinders I = 4 cylinders
2 = 6 cylinders
3 = 8 cylinders or more
Behavioral Attributes
9  Fuel grade Type of fuel mostly used 1 = unleaded regular
2 = unleaded midgrade
3 = unleaded premium

*Bid amounts associated with willingness to pay for cleaner fuel
®Bid amounts assoctated with willingness to pay for more powerful fuel

variance and therefore a tendency to accept a hypothesis when 1t should be rejected, mn
general, though, single imputation 1s adequate and has been utilized widely (Rubin, 1987)
To mimimize the loss of information, original values or codes were used if possible

We used several techmques to impute values, including logistic regression, multiple
regression and mean value method. Logistic regression was used for dichotomous inde-
pendent variables and multiple regression for continuous variables such as income The
last technique, mean value methed, was used for vanables which are weakly correlated to
other independent variables —such as sex

RESULTS

Demand for cleaner fuel

In our surveys, we asked, “Would you switch to a fuel that produced less air pollu-
tion if 1t were priced (bid amount) higher than the gasoline you normally buy?” We
defined cleaner fuels as those that produce less air pollution, but we did not quantify the
difference because of controversy (and therefore confusion to the consumer) over the
likely expected poliution impact of methanol (OTA, 1990) From the response, we found
that almost 85% of the respondents were willing to pay 2 cents more per gallon and
approximately 24% were willing to pay 45 cents more

Before estimating the coefficients for the cleaner fuel demand function using a maxi-
mum hikelihood estimator, 1t 1s important to choose the appropriate functional form for
relating each vanable to logit function (Boyle & Bishop, 1989) Based on univarate
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analysis (using only one mdependent variable, such as bid amount), the logit function 1s
net linearly related to bid amount, therefore, 1n multivariate analysis we decided to use
the loganthm of the bid amount, which will provide declining marginal utility with price
or bid amount Because bid amount was assumed to be a continuous variable, no design
variable was considered However, design variables were then developed for categorical
variables using the partial method (Dixon, 1983) This method has been widely used in
epidem:ology research, whereby one group in the sample 1s treated as the reference group
and the other as the exposed group(s) The ease of interpreting the result makes it a
more popular technique than 1ts counterpart, the marginal method (deviation from mean
parameterization) For example, in our case, all else being equal, if we want to know how
much the willingness to pay for cleaner fuels differs between females and that of males,
the partial method assigns a zero value to the lowest code for sex and value of one to the
highest value Then the resulting design variable under this method would be zero for
females and one for males

The likelihood ratio test leads to reject the null hypothesis that all vaniables have zero
slopes with 5% level of significance (This 1s shown 1n Table 2, in which the calculated
hikelihood ratio equals 432 53 asymptotically distributed as chi square, with df = 9,
which 1s significantly larger than 16 92 )

Resuits 1ndicate that, as expected, the log of bid amount was strongly correlated with
willingness to pay The minus sign in this variable shows that as bid amount increases, the
willingness to pay decreases The last column 1n Table 2 1s the odds ratio, which can be
mterpreted as the likelihood of a consumer to buy cleaner fuels for unit change 1n the log
bid vaniable

Surprisingly, income 1s not related to willingness to pay for cleaner fuels One expla-
nation 1s that environmental concern indeed cuts across all socioeconomic groups A
second explanation s that mdividuals are not being called on to make actual cash pay-
ments and thus may overstate their willingness to pay (especially less affluent individuals)
Level of education 1s only marginally significant, with the most educated people {those
with more than 16 years of schooling) bemng 27% more likely to pay (1 e odds ratio of
education level 2 equals 1 274) for less polluting fuels than the least educated people
(those with less than 12 years of formal education)

Overall, our findings regarding income, education and valuatoen of clean fuels are
agreement with those of Kurani and Sperling (1988) regarding diesel car owners, and to
some extent with those of Calfee (1985) regarding demand for electric cars

Table 2 Esumation results for cleaner fuel choice model

Estimated
No Variable Coefficient Standard Error ¢ Statistic Odds Ratio
1 Constant —2 0326 03171 —6 409 0131
2 Log of bid? —2 0636 0 1399 —14 753 0127
Socioeconomic &
A Demographic Attributes
3 Income (1)° -0 0222 00168 ~1321 0978
o)} 0 1213 00723 1678 1129
4 Education level (1) Q1706 01002 1702 1186
2) 02422 0 1202 2 015 1274
5 Sex —0 2070 0 0964 —~2 147 0 813
6  State 0 4395 0 1021 4 305 1552
B Behavioral Attributes
7  Fuel grade (1) 05568 02618 2127 1745
) 1 0637 0 2671 3982 2 897

Summary Statistics

Number of observations = 1964
Number of cases = 1799

L(0) = —1213 310

LB} = —997 045

*In dollars
"Number in parentheses corresponds to design variables
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Male drivers are approximately 0 8 times more likely to pay for cleaner fuels than
female drivers, as shown 1n Table 2 (see also Fig 1) Other surveys generally support this
finding (McStay and Dunlap, 1983, Passino and Lounsburry, 1976)

All else being equal, Califormans are 1 5 times more likely to pay for cleaner fuels
than New Yorkers (Table 2) This finding 1s consistent with the hypothesis that Califor-
nians are more environmentally concerned, in part because of severe air guality problems
in that state Finally, those who use unieaded premium gasoline (variable 7 1n Table 2) are
almost three times more hikely o be willing to pay more for cleaner fuel than unleaded
regular gasoline users

In summary, several conclusions can be noted so far. Income is not an important
variable and educaiion 1s a weak variable in predicting the purchase of cleaner fuels,
female drivers are wilhing to spend more on cleaner fuels, and prenuum gasoline buyers
are more willing to pay for cleaner fuel than nonpremtum buyers, and Cahfornians more
than New Yorkers

Demand for more power

Because methanol potentially provides about 10% more power than an energy-
equivalent amount of gasoline, the willingness of consumers to pay for additional power
1s an 1mportant vanable in predicting future demand for methano! (especially in multi-
fuel vehicles) The greater power 1s obtaimned by raising the effective compression ratio to
take advantage of methanol’s higher octane rating and cooling effect

With this 1n mind, we tried to determine which people are more willing to pay for
more powerful fuels The question posed 1n the survey was, “Would you switch to a fuel
that gave your car about 10% more power 1f 1t was priced higher than the gasoline you
normally buy?” About 65% of the respondents stated they were willing to pay an add:-
tional 3 cents per gallon, and 18% were willing to pay 40 cents more

Using a model stmilar to that for predicting demand for cleaner fuels, we tested the
relationship of several explanatory variables with willingness to pay for more power We
found that tncome 1s associated with demand for power As shown in Table 3, the highest
mcome group (more than $59,999/year) 1s about 40% more willing to pay for power than
the lowest income group (less than $25,000/year}, whereas the middle-income group
($25,000 to $59,999/year) 1s 20% more willing than the lowest income group

As expected, male drivers are more willing to pay for power than female drivers (see
also Fig 2), and there 1s virtually no difference between Calhfornmians and New Yorkers
Owners of vehicles with larger engines (more cylinders) tended to be willing to pay more
for power, but the relationship was much weaker than we expected Unleaded premium

100
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]
g 60 <
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g o
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§' 40 e £ o
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20“ "\
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Bid Amounit ($'gallon)

Fig 1 Willingness to pay for cleaner fuel by male and female drivers



40 D SPERLING, W SETIAWAN and D HUNGERFORD

Tabie 3 Estimation results for more power fuel choice model

Estimated
No Vanable Coefficient Standard Error ¢ Statistic Qdds Ratio
1 Constant ~3 5405 0 3498 -10 121 0 029
2 Logofid® ~21982 0 1704 —-12 897 0111
Socroecononuc &
A Demographic Attributes
3 Income (1)° 0 1873 01038 1 805 1206
2) 0 3315 01502 2207 1393
4  Sex 02829 01126 2512 1327
5  State 0 0545 0 0407 1340 1 056
B  Vehlucle Aitributes
6  Number of cylinders (1) 0 1458 0 1320 1105 1157
(2) 02784 01613 1726 1321
C  Behavioral Atiributes
7  Fuel grade (1) 03784 02235 I 693 1 460
2) 07812 0 2593 3012 2184

Summary Statistics

Number of observations = 1964
Number of cases = 1580

L0y = —1107 890

L(B) = —901 078

*In dollars
*Number 1n parentheses corresponds to design variables

gasoline buyers were much more willing to pay (two times more) for more powerful fuels
than buyers of unleaded regular gasoline

Most instructive, as shown by comparing the odds ratio of bid amounts in Tables 2
and 3, dnivers generally perceive power as slightly less valuable than lower pollution.

Demand for high octane fuel

As indicated earlier, demand for premium gasoline 1s high In 1989, when our ques-
tionnaire was admnistered, premium gasoline, priced at an average of 13 cents per gallon
more than regular (unleaded) gasoline, accounted for 23% of sales (EIA, 1990b). In our
survey, we asked respondents what type of gasoline they usually purchase and, elsewhere
in the questionnaire, what octane level they seek. We found that 24% reported seeking
high octane (91 +) gasoline on a regular basis, and 26% reported using premium gasoline
(excluding midgrade) on a regular basis. These self-reported results seem consistent with
statistics of premium gasoline sales figures.

® Male
g Femals

80

60 7

Response (%)

40

20 1

0 T T T T
000 010 020 030 040 050

Bid Amcunt {S/galion)

Fig 2 Willingness to pay for more powerful fuel by male and female drivers
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But drivers do not purchase premium gaschne only, or even mostly, because of its
high octane In our survey, when respondents were given a list of reasons for purchasing
premium gaschne, they ranked them as follows “based on my own experience” (39%),
“car knocks or pings” (16%), “owner’s manual recommendation” (12%), “higher octane
number” (9%), “mechanic’s recommendation” (5%), “prefer higher grade unleaded”
(5%), “contains detergent additive” (5%), “car runs poorly on unleaded regular” (5%)
and three other miscellaneous reasons (4%) In another set of questions, 90% of those
who said they seek 91 or higher octane reported that they purchased premium gasoline,
whereas of those who purchase premium, only 51% said they seek 91 or higher octane

Thus, octane 1s important, but fuel purchasers seem to think (for the most part
mustakenly) that premium gasoline has other important attributes In any case, we posit
that these other positive perceptions associated with premium gasoline could be captured
by methanol

The demand for high-octane fuel vanes somewhat across the drniver population
Although no significant difference in those seeking higher octane fuel was observed
among different income groups, we observed that male drivers were more hikely to seek
high-octane gasoline then female drivers (25% vs 13%), and New Yorkers were more
tikely to seek high-octane fuel than Califormans, possibly because New Yorkers reported
driving cars with bigger engines than did Californians

VALIDITY AND INTERPRETATION OF STATED CHOICE RESPONSES

Hypothetical choice questions may not accurately measure mtended behavior or
attitudes The problem 1s that if respondents know that they will not be bound by an
expression to pay a certain amount for a particular good or service, then they will tend to
overstate theirr willingness to pay (For instance, a sumple 1990 op:mion poll n the San
Francisco Bay Area found that 94% of individuals stated they would be willing te pay 5
cents more per gallon for a cleaner fuel, much more than that of respondents in our
more careful study) (MTC, 1991) We reduced the overstatement bias of WTP estimates
somewhat by using bid amounts

We were most concerned about the validity of the WTP for cleaner fuels, because
clean air 1s a “motherhood” 1ssue when treated 1n isolation of costs and other trade-offs
Because the stated willingness to pay for cleaner fuel as estimated from our survey is
comparable to the stated willingness to pay for extra power —and because we know, as
revealed 1n the marketplace, that actual willingness to pay for power 1s large —we con-
clude that our estimates of willingness to pay for cleaner fuel are not greatly overstated

This wilhngness to pay for cleaner fuels does not mean, however, that when con-
fronted at a fuel pump with two fuels, one cleaner but more expensive than the other,
that a motorist would select the more expensive cleaner-burning fuel For example, 1n
1970 when environmental consciousness was at 1ts zenith, most of the major o1l compa-
mes began marketing low-lead or no-lead gasoline primarly on the basis of the air quality
benefit of ehminating lead. The unleaded gasohne sold for only 1 to 4 cents per gallon
more than leaded gasoline, and yet sales were less than 3% of gasoline sales in 1971 and
did not exceed 5% until catalytic converters were widely introduced on vehicles 1n 1975
(Sperhing and Dill, 1988)

We therefore 1nterpret the high willingness to pay for cleaner fuels as a willingness to
pay if the cost burden 1s shared by all It s a textbook “free-rider” problem One approach
for transforming this high willingness to pay mnto a pohtically acceptable imtiative might
be to place a surcharge on dirtier fuels (¢ g gasoline) as a means of subsidizing cleaner
fuels (e g methanol) (Sperling, 1991), it would be most acceptable 1f that surcharge was
specifically targeted to supporting cleaner fuels and clean air

TARGET MARKET FOR METHANOL

For methanol to gain sigmficant market penetration, it must be percetved as a pre-
mium fuel Because methanol can legitimately be marketed as a high-octane, cleaner fuel
that provides more power, 1t indeed could be positioned as a premium fuel
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In exploring the potential (hypothetical) willingness to pay for methanol, we have
1dentified three attributes of methanol that differ from those ot gasoline higher octane,
cleaner burning and more power The three attributes have been analyzed quahitatuvely
and quantitatively to establish WTP estimates for each attribute

We define the target market for methanol —the likely early adopters —as those who
regularly seek high-octane (premium) gaseline and who are willing to pay for fuels that
are both cleaner and provide more power We estumnate the size of this target market by
identifymg high-octane seekers (who currently pay an average of 13 cents extra for pre-
mium gasoline) who are willing to pay even more for cleaner and more powerful fuels
Indeed, we found a significant proportion of drivers willing to pay more for these attri-
butes of methanol (It must be emphasized that these WTP figures cannot be added
together to arrive at one curve for methanol )

Combining the attributes, 68% of high-octane gasoline buyers were willing to pay an
additional 2 cents per gallon for fuel that was cleaner and provided more power, and 26%
were willing to pay 40 cents more per gallon for the two attributes (Fig 3) High-octane
seekers willing to pay at least 2 cents more for cleaner fuels and extra power account for
approximately 10% of the total sample (39% of high-octane seekers) The target market,
as defined 1n this manner, mncluded 23% (165 of 707) of those willing to pay more for
extra power and 18% (165 of 881) of those willing to pay more for less pollution The
target market has a higher average income than the sampie population ($59,000 vs
$42,000), included slightly more men (75% vs 70%), drove shightly newer and bigger cars
but was just as likely to live in Cahiforma as New York State

Following a sumlar analytic procedure but using premium gasoline users instead of
high-octane seekers to estimate the target market, we arrived at sumilar results In this
case, 65% of premium gasolime buyers (Fig 4) were willing to pay 2 cents more for
cleaner and more power fuel (versus 68% of high-octane seekers), and 19% were willing
to pay 40 cents more per gallon (versus 26% of high-octane seekers)

The magnitude of the target market for methanol could be defined by specifying
different combinations of the three attributes For instance, one could pool drivers willing
to pay extra for different combinations of two of the three attributes at different bid
amounts A review of Figs 3 and 4 provides a sense of how the target market would grow
or shrink by using different attributes and bid amounts as criteria No matter how one
defines the target market, it appears to be fairly large as long as methanol fuel prices and
methanol car prices are close to those of gascline fuels and cars What 1s most attractive
from a methanol marketing perspective 1s that there 1s a large overlap between people
who place a high value on clean fuels and greater power, a finding that surprised us

The estimates of market potential dertved 1n this study, based on wilkingness to pay
for positive attributes, should be seen as upper bounds for two reasons First, as indicated
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Fig 3 Willingness to pay for less-poltuting and more powerful fuels by high- and low-octane seekers
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Fig 4 Willingness to pay tor less-polluting and mote powerful fuels by unleaded 1egular and unteaded premwum
gasoline buyers

earlier, although we have confidence 1n the estimates of willingness to pay for power and
less-polluting fuels, all else being equal, the extra costs are probably larger than individu-
als would pay n actual transactions Second, to the extent that the driving range associ-
ated with methano! 1s less than that of equivalent volumes of gasoline, drivers’ overall
willingness to pay for the fuel will shrink

Other factors—such as safety, reliabihty and national interests —could also affect,
negatively and positively, the market potential of methanol, but these factors are more
tied to perceptions and socal messages than quani:fiable attributes Further research 1s
needed to determune the importance of these factors in methanol fuel and vehicle purchase
decisions

CONCLUSIONS

The results presented here may be applied — with caveats, and with caution—to both
methanol fuel and vehicle purchase decisions The demand for methanol fuel by owners
of multi-fuel vehicles 15 characterized by the analysis in this article of the demand for
higher octane (premium gasoline). extra power and less pollution The principal other
attribute whose effect 1s strong and (in principle) measurable 1s driving range The driver
of a multi-fuel vehicle will have a very clear range choice, with a tank filied with gasoline
always providing considerably greater range than M85 (85% methanol blended with 15%
gasoline, the likely methanol formulation to be marketed commercially)—about 50 to
80% more The effect of reduced range on fuel purchase choices has not been quantified
rehably (Greene, 1985, 1990, Sperling & Kitamura, 1986, Sperling & Kurani, 1987, Sper-
hng, et al , 1990) but 1s hkely to be important especially if methanol refueling stations are
not ubiquitous, as will be the case imtially

The effect of driving range limitations will be less important 1n the vehicle purchase
decision than in the fuel purchase decision, even 1if the vehicle 1s dedicated te methanol,
for the following reasons (a) The driver is not confronted with the range-constraining
choice at each refueling, (b) the vehicle will ikely be designed to provide larger fuel tanks
and therefore driving range comparable to gasoline vehicles and (c) other factors play a
relatively greater role in the purchase decision The decision to purchase a dedicated
methano! vehicle will be based not only on considerations of power and pollution but
also on perceptions of future fuel availability and fuel prices, safety in handling metha-
nol, engine rehability and life, maintenance cost and resale value of the vehicle, all of
which are erther subjective or unknown at this point

If multi-fuel and dedicated methanol vehicles cost about the same as comparable
gasohne vehicles, and methanol fuel costs the same as or shightly more than premium
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gasoline, as generally expected (especially where more expensive reformulated gaschne 1s
required), then methanol could be competitive with gasoline in the transportation fuels

market

The central finding of this article, however, is that there 1s a large overlap among
vehicle owners who highly value octane, power and low pollution and that this population
1s fairly large The challenge for methanol marketers and proponents 1s to create market-
ing strategies which target that market segment and regulatory incentives that reward
methanol’s superior pollution characteristics

In the larger context, however, the future of a methanol market 1s uncertain Given
the relatively modest advantages offered by methanol, the existence of mitial refueling
disadvantages and the lack of a strong industry advocate, methanol’s future will be largely
determined by government rules and regulations and how 1t 1s treated by the media

Acknowledgements —We gratefully acknowledge funding from the Office of Policy Integration of the U S
Department of Energy and careful reviews and assistance provided by Mark DeLuchi, David Greene, Kenneth
Kurani, John Loomus, Barry McNutt and Margaret Singh

REFERENCES

Boyle K and Bishop R (1989) A comparison of contingent valuation techniques Department of Agriculture
Economics, Report 222, University of Wisconsin, Madison W1

Calfee J E (1985) Estimating the demand for electric auto using fully disaggregated choice analysis Transpn
Res , 19B, 287-302

Coordinating Research Council (1989} 7988 CRC Octane Number Requirement Survey, 566, CRC, Inc, At-
lanta, GA

Cummings R G and Brookshire D S (Eds ) (1986) Valuing Environmental Goods An Assessment of the
Contingent Valuanion Method Rowman & Allanheld Publisher, NJ

Delucchi M A, Johnston R A and Sperling D (1988) Methanol versus natural gas vehicles A comparison of
resource supply, performance, emissions, fuel storage, safety, cost, and transitions SAE Technical Paper
Series #881656

Dixon W ] (Ed ) (1983) BMDP Statistical Software Umversity of Califorma Press, Berkeley, CA

Energy Information Administration (1990a) Economics of Gasoline Pool Octane Growth U S Department of
Energy, Washington, DC

Energy Information Administration (1990b) Petroleum Marketing Monthly, U S Department of Energy, Wash-
ington, DC

GAO (1991) Premium Gasoline Overbuying May Be Occurring, But Extent Unknown GAQO, Washington, DC,
RCED-91-58

General Motors (1989) Automotive fuels for the 1990s — challenges and opportunities Research pubfication

Greene, D L (1985) Estimating daily vehicle usage distributions and the implications for hmited-range vehicles
Transpn Res , 19B, 347-358

Greene D L (1990) Fuel choice for multi-fuel vehicles Contemp Policy Issues, VIII, 118-137

Hanemann W M (1984) Welfare evaluations 1n contingent valuation experiments with discrete responses 4m
J Agrnicult Econ , 66, 332-341

Kurani K S and Sperhing D (1988) The rise and fall of diesel cars A consumer choice analysis Transpn Res
Rec , 1175 23-32

Little J A and Rubin D B (1987) Statistical Analysis with Missing Data John Wiley & Sons, New York

LoomisJ B (1988) Contingent valuation method using dichotomous choice models J Leisure Res , 20, 46-56

McStay J R and Dunlap R E (1983) Male-female differences in concern for environmental quality Inr J
Women’s Stud , 6, 291-301

MTC (1991) Transactions, 3, March newsletter, Oakland, CA

Office of Technology Assessment (1990) Replacing Gasoline Alternative Fuels for Light-Duty Vehicles, U S
Government Printing Office, Washington, DC OTAS-E-364

Passinc E M and Lounsburcy J W (1976) Sex differences n opposition to and support for construction of a
proposed nuclear power plant In L M Ward et e/ (Eds ), The Behavior Basis of Design, Book I, pp 180-
184 Dowden, Hutchinson and Ross, Philadelphia, PA

Rubin D B (1987) Multiple Imputation for Nonresponse in Surveys John Wiley & Sons, New York

Sperling D (1988) New Transportation Fuels A Strategic Approach to Technological Change Umversity of
Cahforma Press, Berkeley, CA

Sperling D (1991} From free riders to moral buyers The market for “green” fuels and vehicles Proceedings,
Tomorrow’s Clean and Fuel-Efficient Automobiles Opportunities for East-West Cooperation, OECD/IEA,
Paris, March 25-27

Sperling D and Dull J (1988) Unleaded gasoline 1n the united states A successful mode] of system mnovation
Transpn Res Rec , 1175, 45-52

Sperling D and Kitamura R (1986) Refuehng and new fuels An exploratory analysis Transpn Res, 20A, 15-
23

Sperling D and Kuram1 K (1987) Refuehng and the vehicle purchase decision The Diesel car case SAE
Technical Paper Series #870644

Sperhing, D , Hungerford, D, & Kurani, K (1990) Consumer demand for methano!l In W L Kohl (ed ) An
alternative fuel choice An assessment, pp 359-377



Target market for methanol fuel

APPENDIX

Table A-1 Response rate by bid amounts

Response Relative Cumulative
Bid Amount ($) Frequency Frequency (%) Frequency (%)
002 243 121 121
005 240 119 240
010 243 121 361
015 252 125 48 7
020 266 132 619
025 261 130 749
035 255 127 87 6
045 249 124 100 0

Table A-2 Number of missing values

in survey data

Number of
Varnable® Cases
1 Income 174
2 Education level 72
3 Sex 43
4 No of cylinders 81
5 Fuel grade 134

*See Table 1 for definition
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