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BEHAVIORAL RESPONSE TO HYDROGEN FUEL CELL
VEHICLES AND REFUELING:
A COMPARATIVE ANALYSIS OF SHORT- AND LONG-TERM EXPO SURE

ABSTRACT

Over the last several decades, hydrogen fuel etikcles (FCVs) have emerged as a zero
tailpipe-emission alternative to the battery eiectehicle (EV). There are key questions about
consumer reaction and response to operations &meling of FCVs. This paper presents the
results of a “ride-and-drive” clinic series (n=18®Id in 2007 with a Mercedes-Benz A-Class
“F-Cell” hydrogen FCV. The clinic evaluated partiant reactions to driving and riding in a
FCV, as well as witnessing a vehicle-refueling évBoughly 95% of respondents finished the
clinic with either a positive or very positive ingasion of the F-Cell. More than 80% left with a
positive overall impression of hydrogen. The mayoeixpressed a willingness to travel five to
ten minutes to find a hydrogen station. Approxirya®% would consider a 225 to 300 mile
(360 to 480 kilometers) FCV range acceptable. Fiftscent would pay no more than a $3,000
premium over a similar gasoline vehicle. The clir@sults are compared with the authors’
previous study employing 24 F-Cells, which trackespbondents over a seven-month period.
This comparative analysis helps to better discérithvshort-term effects may be influenced by
the “novelty” effect and which are likely to peitsthie to new information.

Key Words: Hydrogen, fuel cell, infrastructure, drive clinllehavioral response, before-and-
after, longitudinal, survey

INTRODUCTION

Concerns over air pollution, energy dependence pamdclimate change have motivated the
exploration of cleaner alternative transportatioel$ for several decades. Hydrogen fuel cell
vehicles (FCVs) have recently emerged as a zdmgaiemission alternative to the battery
electric vehicle (EV). Like battery vehicles, FCpt®duce no tailpipe emissions (other than
water vapor) and also have the potential to be ne@-emission on a full fuel-cycle basis when
coupled with renewable energy sources. As thedgjtglement in existence, hydrogen has
several intrinsic characteristics that make it tiraetive transportation energy carrier. It has a
high energy density by weight, and it can be predua large quantities from a diverse array of
primary energy sources. Furthermore, in contrabattery recharging, hydrogen can be refueled
at speeds comparable to gasoline. These advartagegenerated considerable interest in
FCVs among governments and the automotive indudthys has led to the controlled
deployment and testing of several hundred fuelaa@® and buses around the world.

The techno-economic barriers to FCV deploymenstlieconsiderable, but recent
progress has been made in several key areas. Regiasues that require improvement include
fuel cell system cost reduction and durability, togen storage, and the costs and technical
complexities associated with developing a hydrogguaeling infrastructure. In addition, and
arguably less well recognized, are potential chagks for consumer exposure and acceptance.

Hydrogen FCVs have some important differences fgaisoline internal combustion
engine (ICE) vehicles. Their recent introductiortXS roads presents key questions about
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consumer reaction and response to their use amedimublic knowledge of the dynamics and
nature of response to operations and refuelingré@weing potential consumer acceptance issues
will require an understanding of values and peioegt as well as the pace at which vehicle
users develop their opinions.

This study presents the results of a “ride-andedrolinic (n=182) held in August and
September 2007 with a Daimler AG/Mercedes-Benz As€F'F-Cell” hydrogen FCV that is
currently in operation in Northern California. Tbiénic evaluated the reactions of participants to
driving and riding in a passenger FCV, as well @aagsing a vehicle-refueling event. In this
study, FCV response is measured on a short-teria tiemsugh a before-and-after survey taken
on the same day. The survey assessed consumeptparseof safety, vehicle performance in
contrast to gasoline vehicles, and willingnessdg-@VTP) for clean fuel vehicles.

In addition, drive clinic results are compared vitile authors’ previous study employing
24 F-Cells by tracking respondents over a seventmperiod (). This comparative analysis can
help discern whether reactions to a new technotmgyirring over short- and long-term
exposures might differ in any way. It can also heproborate previous study conclusions on
exposure to new vehicle technology, given the tiudies used the same vehicle model.

Although extensive research has been conductedeoipehavioral response of
commercial taxi and bus drivers to hydrogen teabgl this study and its predecessor are
among the few that contribute to behavioral redearchydrogen passenger cars. Notable work
has recently emerged on consumer response to ledimngses in Europ2,(3. While customer
experience with buses and passenger cars is ctifidyent, comparisons of this research
indicate some similar trends in reaction.

This study’s results are intended to advise poligkens and the auto industry on the
relative challenges of introducing a new vehicleguision system to consumers who are
accustomed to ICEs. At the same time, this worlksamrcontribute to future methodological
designs of behavioral response studies by synihgdize understanding generated by short- and
long-term studies of the same vehicle type. Thigepaonsists of four main sections. First, the
authors present a background on alternative fued@ance research, with an emphasis on
electric drive trains and hydrogen acceptance. Negtstudy methodology is reviewed. Third,
results from the pre- and post-clinic survey aespnted. Finally, impacts of the authors’ short-
and long-term exposure studies are contrastedmaplications for introducing new fuels are
examined.
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BACKGROUND

While research on hydrogen FCVs and fuel accepthaséargely coincided with recent vehicle
deployment, related work on consumer responsectidrad drive trains has been active for nearly
twenty years. The two are related in that they lbatle driving range and infrastructure issues,
and both vehicle types rely on an electric motawg@d by a unique fuel source. Much of the
EV consumer response research occurred duringd®@sl Many of these studies focused on
understanding how consumers could address fundahtevtlimitations. This included the
exploration of the “hybrid household” hypothesisjigh considers households that incorporate
EVs as part of their fleets alongside gasolinealeki@, 5). Other research put EVs in
households for a few weeks to study household ltkzetgavior 6). In spite of range limitations,
consumers used EVs for a majority of their basigdetiold trips. However, respondents still
desired driving ranges to be similar to that ohadaline vehicleq). In fact, some long-term
studies found that interest in owning EVs actudligreases after a few months of use due to
concerns over range and available infrastructtixe (

Thus, short-term exposure studies have signifiddférences and risks in contrast to
longitudinal studies. But they can evaluate thheadion and degree to which initial impressions
change upon exposure. A study employing an EVedlinic (a short-term ride and drive
experiment) found over 70% of participants chaniped general opinion of the technology
after the test8). However, a similar study revealed that shontrt&V use did not improve user
familiarity and comfort with the charging proce8% (These discrepancies suggest that the type
of exposure is important. For example, a carshgshort-term auto use with
reservations/access facilitated by electronic amdl@ss technology) trial clinic led to a much
larger improvement in opinion and acceptance anpamgcipants compared to reading a
brochure about the new service. Drawing upon st¢eshing and marketing theories, this study
suggested that a short-term trial is an effectiag W increase familiarity and acceptance of
transportation innovationd.Q).

Consumer interactions with hydrogen buses have theesource of most hydrogen
response studies. One of the earliest occurre@98 When the first hydrogen bus was publicly
deployed in Munich. Passengers aboard this bus sueweyed using standard Likert-scale
responses. Overall, few barriers to hydrogen aecegtwere uncovered. The survey found that
direct contact with the technology was correlatéith wiore positive assessments and that
concern over negative associations with the Hindemdirigible accident in 1937 and the
hydrogen bomb were not presebt)

About five years later, hydrogen bus deploymentmhan Luxembourg and quickly
expanded to Berlin, Perth, and London and offeredgportunity to explore consumer response
on a broader scale. The final report to the Eurnfi&ammission evaluating passenger response
to the buses found that safety was not a conceor, (positive) knowledge of hydrogen
increased acceptance, and in contrast to the Mwhicly, suggested that direct exposure was not
necessarily associated with acceptance or willisgrte-pay (WTP)12).

At about the same time, a study of London taxiehswoperating prototype FCVs found
WTP for the technology was correlated with highdueation levels, hydrogen knowledge, and
air pollution concerns. Taxi drivers also stateat they did not have safety concerns with respect
to driving hydrogen-powered cark3). More recently, several studies based on theoglepnt
of fuel cell buses in Europe, Australia, and Canadae greatly expanded knowledge of
consumer response to hydrogen vehicked4; 3). Through a variety of methodologies, all of
these studies evaluate the respondent reactioding or withessing a hydrogen bus. O’'Gagta
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al. (2007) also report on a contingent valuation syiafebus riders in the cities of Berlin,

London, Luxembourg, and Perth. The Berlin and Luseung surveys asked riders if they would
be willing to pay an increased fare to supportrgdescale hydrogen bus deployment within their
city. The mean WTP of surveyed riders was €0.3%grer. The London and Perth surveys took a
different approach, where both riders and non-sidegre randomly surveyed to discern their
WTP for hydrogen bus deployment in the form of #ddal taxes. The surveyors found that
citizens of London and Perth had a positive WTHPhfairogen bus deployments of €24 and €15
in annual taxes per year, respectively. Acrossitidls, roughly 85% of respondents were willing
to pay for hydrogen buses.

Hydrogen vehicle marketing experts have observatiekposure through media stories
can impact public acceptance, especially geneial@ys of safety and quality of the hydrogen
driving experiencel5). To better understand potential consumer resptnsew vehicle types,
marketing researchers support test-drives to cesumer familiarity with new vehicle types,
especially driving experience and safety attrib(1€$. However, some vehicle features, such as
range restrictions and fuel-efficient driving pdiah may take more time for consumers to
understand and accommodate.

Research addressing consumer response to hydragexxpanded significantly in the
past few years. Almost all of these studies, howeweve focused on agents within the public
transportation system, including bus passengessghuers, and taxi drivers. They reveal that a
sizable portion of public transit riders would b#liwg to pay higher fares to run buses on
hydrogen fuel. Across these studies, it appeatdrduasit riders and drivers generally feel safe
with the technology, and passengers overwhelmioghsider hydrogen buses to be as good, or
better, than regular buses across a variety obpaeince metrics. This paper builds on this
growing research by exploring similar response iwefamong state and university employees in
California to FCV passenger vehicles.

STUDY METHODOLOGY
In this section, the authors provide an overviewath the ride-and-drive clinic and longitudinal
survey study methodologies. This includes a desonpf the surveys and study limitations.

Ride-and-Drive Clinic
The purpose of the ride-and-drive clinic was tangeedback from a range of individuals who
were provided an opportunity to drive the F-Cehiege under real-world driving conditions and
view a fueling demonstration. After completing @-gtinic questionnaire, participants drove the
vehicle in groups of two on a three-mile route ied/Sacramento or Richmond, California with
a researcher to direct them. The maximum speedjalenroutes was 50 to 55 miles per hour
(80 to 88 kilometers per hour). The route permitespondents to personally test the
acceleration, braking, and handling capabilitiethefvehicle.

Participants had the opportunity to drive the viehand to ride as a front-seat passenger
to maximize their exposure. In addition to drivihg F-Cell, subjects were also directed to a
hydrogen refueling station where they witnesse&-&vell refueling demonstration. Some fuel
was placed in the vehicle, but the vehicle wasahotiys low on fuel, so in some cases the
refueling was approximately half a tank. Once paréints had driven the vehicle and witnessed
the refueling, they completed a post-clinic questaire.

Employees from the California Department of Tramsgdmn (Caltrans), the California
Air Resources Board (CARB), and the California Egjye€ommission (CEC) participated in the
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ride-and-drive clinic at the California Fuel Celifithership from August 8 to 17, 2007.
University of California, Berkeley (UC Berkeley) piayees attended the clinic at the Richmond
Field Station and witnessed the fueling demonsinadit the AC Transit hydrogen fueling station
in Richmond between the dates of September 22,t80¥7. Research subjects were recruited
from within UC Berkeley, Caltrans, CARB, and CE@ email soliciting participation. Total
participant time ranged between 1.5 to 2 hoursin&antive raffle for a small digital music
player was used to encourage participation. Intemdieach respondent received a small gift,
such as an F-Cell writing pad, upon session comnaple total of 107 individuals participated in
the Sacramento drive clinic and 75 in Richmond.h&drive clinic had a goal of 100 participants,
but recruitment proved to be somewhat more chalhgnigpr the UC Berkeley/Richmond
location. Potential participants who had previoudiyen an FCV or had extensive knowledge
of them were not allowed to participate in the radel-drive study.

“Before-and-After” Survey Design

Researchers administered questionnaires “beforeatiad exposure to the F-Cell and the
refueling event. The initial questionnaire assessgukrience with alternative fuels, impressions
of hydrogen as a transportation fuel, expectatanshicle performance and hydrogen safety,
challenges of hydrogen vehicles, and attitudes todwee environment and experimentation.

The post-clinic questionnaire documented F-Cefiressions including acceleration,
braking, handling, fuel economy, and ride comfbyirogen vehicle and fuel safety; range
acceptability; fueling difficulty; WTP; and questi® about participant demographics. When
asked to provide their impressions of hydrogentgafespondents were asked for their
assessment relative to their gasoline safety irspes. For example, one question read: “What
is your impression of the safety of driving a hygln vehicle?” Responses included: “Much less
safe than gasoline,” “Less safe than gasoline,”détbas safe as gasoline,” “Safer than
gasoline,” and “Much safer than gasoline.” Fuepmese benchmarking to gasoline is a
recommended approach for two reasons. First, urgis the answer relative to vast prior
consumer gasoline experience. Second, it pernmisra accurate assessment of impressions to
the vehicles and fuel with which hydrogen (and ppghother technologies) would likely
compete. This approach also was employed for aagessnsumer response to vehicle
performance.

Ride-and-Drive Clinic Study Limitations

A primary limitation of this study consists of tparticipant self-selection bias from a restricted
study population (i.e., state agency and universitployees). The individuals participating in
the clinic were volunteers, and hence, the sanspt®i random. However, only 55% of
respondents entered the clinic with a positive bgdn fuel impression, with much of the
remaining sample classifying their opinion as “Nalt The dataset generated for this study
reflects an exploratory analysis, but these stirdigdtions do not prevent the use of the dataset
to obtain insights into consumer response to hyelmogehicles and fueling, especially among
likely early adopters. Nevertheless, the limitai@o suggest caution when generalizing study
findings to the broader population.

Comparative Analysis with Longitudinal F-Cell Study

In 2006, the authors conducted a longitudinal spofes5 drivers of 24 F-Cell vehicles in
California and Michiganl(). Drivers were drawn from for-profit companiesGalifornia and
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Michigan where 10 vehicles were placed. An additional dicles were deployed with
governmental agencies, non-profits, and univessitighose states (two of the 24 vehicles were
located in Michigan). Participant criteria requittbat qualifying drivers: 1) drove the F-Cell
once or more a month, 2) drove it at least 65 kdters per month, and 3) were willing to
complete the three-phase survey. The longitudimaley was administered online at three
discrete times over the seven months. There was stinition over the study: 54 participants
completed two of the three survey phases, and Alated all three phases.

As with the drive clinic sample, longitudinal parpants were self-selected. Because the
longitudinal survey required a longer sustained mament to the research and vehicle, it is
likely that this population represents a more esitistic group of participants overall than the
general public. While the same can be said ofitteeaind-drive clinic participants, their time
commitment was far less. Because the vehicle deplayas the same in both the longitudinal
and ride-and-drive studies and many survey questi@re the same, an opportunity exists to
contrast the short- and long-term reactions. A canmaip/e discussion of results follows in the
conclusion.

RESEARCH RESULTS

In this section, the authors present the reseasilits. There are five key sections: 1)
demographics, 2) F-Cell and refueling responsegg)onse to vehicle performance metrics, 4)
response to range and refueling distance, and 3 Y¥$ponses.

Demographics: Sacramento and Richmond Study Populeins

Table 1 presents the demographics of the drivécghiarticipants. They were mostly male (63%)
and married (55.2%). The Sacramento clinic was reewily weighted with males than the
Richmond clinic. The difference between the twaick was not large enough to be statistically
significant, according to the Fisher Exact Tesmifirly, while there were perceptible
differences between age and marital status disioivsi across the two samples, the relative
differences were not statistically significant. Hoxer, survey respondents in Richmond had
higher education levelp£0.0038), but more respondents had relatively lnvomes [j=0.025).
This reflects the participation of graduate studemployed by the university. Clinic
demographics are summarized in Table 1. Sincerdiffees between the populations were not
substantial, researchers have combined respondes amalysis that follows.

In comparison with the general population, the ciovath sample is not representative of the US
or California populationgp&0.001 for all). A summary of the demographic canmgpons of the
sample with both the United States and Califorpigears in Table 1. The study sample has a
higher percentage of males, is younger, more dfitegie, more educated, and has a higher
household income than either the US or Califormpypations.
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TABLE 1 Demographic Attributes of Survey Respondets

Demographic Attribute Richmond  Sacramento Total p-value  US 18+ CA18+ p Tot-US p Tot-CA
Gender N=75 N=106 N=181
Male 57.3% 67.0% 63.0% 0.21 * 48.6%  49.6% <0.001* 0.9
Female 42.7% 33.0% 37.0% 51.4%  50.4%
Age Category N=75 N=106 N=181
22-34 44.0% 25.5% 33.1% 0.0049 *** 24.8%  27.3% <0.601 <0.001 ***
35-49 22.7% 40.6% 33.1% 31.6% 32.7%
50-59 21.3% 29.2% 26.0% 18.6%  17.7%
60+ 12.0% 4.7% 7.7% 25.0% 22.3%
Marital Status N=74 N=107 N=181
Single 39.2% 29.9% 33.7% 0.094 *** 26.9% 30.6% <0.6861 <0.001 ***
Married 55.4% 55.1% 55.2% 50.1%  46.6%
No Longer Married 5.4% 15.0% 11.0% 23.0% 22.7%
Education N=75 N=107 N=182
Associate Degree or Less 9.3% 10.3% 9.9% 0.0038 1**75.0%  73.5% <0.001 *** <0.001 ***
Bachelor's Degree 41.3% 64.5% 54.9% 16.2%  17.4%
Graduate Professional Deg. 49.4% 25.2% 35.2% 8.8% .1% 9
Income (HH, $ US) N=72 N=102 N=174
Less than $50,000 29.2% 10.8% 18.4% 0.025 ** 49.2% 2.4% <0.001 ***  <0.001 ***
$50,000 to below 75,000 13.9% 20.6% 17.8% 18.9% 0%8.
$75,000 to below 100,000 18.1% 25.5% 22.4% 12.2% .7%2
$100,000 to below 150,000 23.6% 31.4% 28.2% 11.7%4.6%
More than $150,000 15.3% 11.8% 13.2% 8.0% 12.2%
* Fisher's Exact Test Source: American ComityuSurvey, 2007
* ANOVA

*** Chi-squared Test

F-Cell and Hydrogen Refueling Response

The response of drive clinic participants to th€él was evaluated from several perspectives.
Pre-clinic survey questions were designed to aggessnceptions of the hydrogen fuel,
hydrogen vehicles, and refueling. Post-clinic syrgeestions discerned how impressions shifted
as a result of direct exposure to the vehicle ahdaeting process. The post-clinic survey also
elicited respondent opinions of vehicle safety apdration. By the end of the clinic, most
participants left with a good impression of the 8HCWhen asked of their opinion given the
options of “Very Negative,” “Negative,” “Neutral;’Positive,” and “Very Positive,” roughly

95% of respondents finished the clinic with eithgrositive or very positive impression of the F-
Cell. When asked of their overall feelings of védisafety, 89% reported that they “felt safe”
with the F-Cell. Finally, 85% who witnessed thedilcefueling considered it to be safe, and
82% did not consider it to be difficult.

To gain insights into short-term exposure impéatis,survey sought to measure whether
technology exposure during the clinic had any éféecrespondent safety and hydrogen fuel
impressions. With respect to safety, respondente agked to give their opinion of hydrogen
safety relative to gasoline safety. Results inéi¢hat short-term exposure to hydrogen
technology can shift hydrogen and fuel safety apisi Figure 1 illustrates the before-and-after
response distributions to three paired questioasyde size is indicated within each figure for
the appropriate question. Some sample sizes lightlg due to missing or invalid responses
from a handful of respondents.
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Question 1* N 49% N=181
1 Whatis your overall opinion of H Pre-Clinic .
| hydrogenasa transportation fuel? . 38% 40%
I Post-Clinic 329
1 16% 15%
| % oy
1% 1% o
. ,
Very Negative Negative Neutral Positive Very Positive
: Question 2* 69% N=181
| Whatis your impression of the safety 56%

of driving a hydrogen vehicle?

27%

19%
7% 12%
6 5
% 0w 3% 6%
. . . —

Much less safe than gasoline Less safe than gasoline About as safe as gasoline Saferthan gasoline Much safer than gasoline

Question 3* 61% N=181
Whatis your impression of the safety
. X 50%
of refuelinga hydrogen vehicle?
37%

22%
13%
4% _ 8% 4%
’ 1% 1% °

Much less safe than gasoline Less safe than gasoline About as safe as gasoline Safer than gasoline Much safer than gasoline

* Paired Sign Test significant at (p < 0.001)

These paired distributions illustrate several inigoatr points. Question 1 assesses respondents
before-and-after opinions of hydrogen as a trartapion fuel. The pre-clinic survey distribution

FIGURE 1 Before-and-after vehicle and refueling skety response.

illustrates that a small majority (55%) enteredcheic with favorable hydrogen views, while
the remaining respondents either had negative wtralepinions. The shift after the clinic is
evident from the post-clinic survey response distion, which skews to the right. More than
80% of participants finished the clinic with a gos overall hydrogen impression. The Sign
Test] a two-tailed non-parametric test applicable togrhiresponséscan assess whether
paired response distributions are different siaily. When applied to the distributions of
Question 1, the Sign Test generates a z-score&firlicating that the opinion shift is
statistically significant.

Question 2 evaluates respondent safety impressiaarsving a hydrogen-powered

vehicle. The answers to this question were podative to gasoline as a familiar benchmark.
The distribution of pre-clinic survey responseddresipproximates a normal distribution, with
roughly 70% believing that hydrogen is equally safsafer than gasoline. However, the

remaining 30% believed that driving a hydrogen glkehis less safe than gasoline. The post-
clinic survey reveals a considerable impressioft,si8 the proportion of respondents feeling

less safe with hydrogen than with gasoline drogpet. Opinions mostly shifted towards the

belief that gasoline is as safe as hydrogen, vaithesgains in the opinion that hydrogen is safer

than gasoline. Question 2 had a z-score of -4.8 thi¢ Sign Test, meaning that the difference

between the distributions is statistically sigrafit.
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Finally, Question 3 illustrates a similar assesdmé&hydrogen refueling safety
normalized to the impressions of gasoline refuetiatigty. Here, stronger safety reservations
exist in the pre-clinic survey prior to exposure o&er 40% considered hydrogen refueling to be
less safe than gasoline. As with the driving asaess, responses shifted in the post-clinic
survey, with only 15% leaving the clinic with thapression that hydrogen refueling is less safe
than gasoline refueling, while 60% felt that it veassafe and 25% believed it was safer. The z-
score of the Sign Test on the paired responseldestion 3 was -6.7, also showing statistical
significance. Thus, the response shift clearly destrated that short-term exposure to hydrogen
vehicles and refueling can make at least some pdepl more comfortable.

Response to Vehicle Performance Metrics

Participants were asked to assess their opiniossew#ral hydrogen vehicle performance
metrics. As with the questions in Figure 1, resears designed the performance questions to
assess response metrics calibrated to participgassiline vehicle perceptions. In the pre-clinic
survey, respondents were asked to provide theirdggoh vehicle performance expectations in
comparison to a typical gasoline vehicle with tbkofwving metrics: acceleration, braking,
handling, and ride comfort. Respondents were ashedher they anticipated that the hydrogen
vehicle would perform worse, better, or about e as a typical gasoline vehicle. In the post-
clinic survey, participants were asked to assesslveln the vehicle had met, exceeded, or failed
to meet their expectations. Table 1 illustratesctioss-tabulation of responses to two key
metrics: acceleration and braking.

TABLE 2 Before-and-After Survey Responses to Vehie Performance

Acceleration
Post Greatly Slightly Met Slightly Greatly Total
Pre Disappointed Disappointed Expectations Exceeded Exceeded o
Much Worse 0% 1% 2% 1% 1% 4%
Slightly Worse 0% 5% 9% 12% 7% 34%
About the Same 1% 11% 16% 5% 9% 42%
Slightly Better 0% 3% 5% 4% 1% 13%
Much Better 0% 2% 3% 1% 1% 7%
Total 1% 23% 35% 23% 19% 100%
Braking
Post Greatly Slightly Met Slightly Greatly Total
Pre Disappointed Disappointed Expectations Exceeded Exceeded o
Much Worse 0% 0% 0% 0% 0% 0%
Slightly Worse 0% 0% 1% 1% 0% 2%
About the Same 1% 3% 55% 21% 8% 88%
Slightly Better 0% 1% 6% 0% 1% 7%
Much Better 0% 1% 1% 0% 1% 3%
Total 1% 4% 64% 22% 9% 100%

"Pre-Survey Question: How do you expect the hydrogen vehicle to compare to a typical gasoline vehicle within the following performance categoties?

i . . - ) . o .
Post-Survey Question: How did the following attributes meet, fail to meet, or exceed your expectations?
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The cross-tabulation illustrates both the distiliubf respondent expectations prior to exposure
and how those relative expectations were met oratitaythe vehicle. As a performance metric,
“acceleration” illustrated the widest distributiohprior expectations, with nearly 40% of
respondents expecting the vehicle to perform wiitae a gasoline vehicle, and 20% expecting
it to perform better. The results of the post-disurvey revealed that 25% of respondents
considered acceleration to perform below their etqi@®ns, while the expectations of roughly
40% were exceeded.

Braking exhibited far less variance in expectatji@smost respondents anticipated
braking to perform about the same as gasoline le=higé little more than 30% found braking to
exceed expectations, far more than the 5% thatabell disappointment in braking performance.

Response to Range and Refueling Distance

Participants also were asked about range and nefualeferences, which likely are critical to
alternative fuel vehicle acceptance. Both aspeaetsnaportant because restricted range and
limited refueling infrastructure have long hindeadtkrnative fuel vehicles. Results of two
guestions from the survey illustrate a distributddpreferences across these two parameters. In
the post-clinic survey, respondents were askeditesm a vehicle range (in miles) that they
would consider acceptable for the F-Cell (whichrently has a range of 100 miles/160
kilometers). Additionally, respondents were askediaracterize their tolerance in terms of
extra travel time to drive to a fueling station.eTiesponse distributions to both questions are
illustrated in Figure 2.

Tolerance of Extra Travel Time to Refueling Station

35% 7 Question 4 319%

N=182

How far out of your way would you be 29%
30% L . ’
willing to drive to find a hydrogen
250, 4 station?
21%
20% 4
15% -
10% _— %
5% A 3%
1% 1%
o L

Iwould not be 1 minute 3 minutes 5 minutes 10 minutes 15 minutes 20 minutes 30 minutes or more
willing to drive out
of my way

Percent

Vehicle Range Preferences

45% Question 5 42%
40% An. acceptable range for the F-Cell is N=174
(miles):
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FIGURE 2 Distribution of range and refueling preferences.



Martin, Shaheen, Lipman, Lidicker 11

Question 4 illustrates the refueling distributioraeveals that the majority of
respondents would be willing to travel five to amutes out of the way to find a hydrogen
station. A sizable minority also expressed a wgifiass to drive at least 15 minutes to find a
station. The value of this information is appliGabd informing time-distance tolerances for
planning potential station networks and assessimgtiver consumers within a particular
municipality are within an acceptable range offaelng station.

Question 5 presents the distribution of range peefees and shows that roughly half of
respondents would consider a vehicle with a raregeden 225 to 300 miles (360 to 480
kilometers) or greater to be acceptable for a Vehike the F-Cell. An important caveat to this
result relates to the selectivity bias of the sanat these responses reflect those who were
interested in driving a hydrogen-powered car ituaclinic. A random sample of the public
would almost certainly be more skewed to the rigtawever, early market introduction of
hydrogen cars would likely draw from an early agdogtopulation, which is relatively more
tolerant of range limitations.

Willingness-to-Pay Responses

The ride-and-drive clinic offered a forum to queegpondents about their WTP for vehicles
powered by clean fuel technology. Participants weaele aware (if they did not already know)
that hydrogen is only as clean as the primary gngogrces from which it is made. Questions
sought to gauge a more generalized personal vatuaiith respect to clean vehicle technology.
The post-clinic survey queried respondents abaupthichase price premium they would be
willing-to-pay for a vehicle and fuel that were egion free, such as an FCV powered by
hydrogen generated mostly from renewable resoulbassurprisingly, there is a theoretical
limit to the degree to which consumers are williagay to offset externalities (e.qg., air
pollution). To explore this issue, respondents vesiaed the purchase price premium that they
would pay for an emission-free car similar to them, as well as the annual operating cost
premium. The questions were asked sequentiallgiigawith that of the purchase price
premium. Figure 3 illustrates the response distigouof both questions.
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Stated Purchase Price Premuim

35% 1 Question 6 33%
If a vehicle operated comparable to the vehicle N= 181
30% 7 thatyou currently own and had no air quality
impacts (including emissions from fuel
25% 1 production), but was more expensive than
- your current gasoline vehicle, how much more
ﬁ 20% 1 would you be willing-to-pay to purchase that 18%
8 .
E 15% vehicle? 14%
10%
_ 80/
10% 7% ° 6%
5% A 3% . 1%
0% - . . . . _—
$0 $500 $1,000 $2,000 $3,000 $4,000 $5,000 $10,000 $20,000
US Dollars
Stated Annual Operating Cost Premium
35% N=1064
29%
30% - 250,
0 Question 7
- 25% A 23% How much more would you be willing-
5 20% - to-pay to operate this vehicle on an
Q annual basis?
o 15% A
I 10%
10% - 6% 50,
50/0 - 20/0
o a e |
$1-$500 $501 - $1000 $1001 - $2000 $2001 - $3000 $3001 -$5000  $5001 - $10000

US Dollars

FIGURE 3 Response distribution to WTP questions.

The WTP distribution suggests several points about consumers value the benefit of clean
vehicles and fuels. In terms of purchase price pre1®, 50 percent of respondents indicated that
they would pay no more than a $3,000 US premiunn av@milar gasoline vehicle. The mode is
$5,000 US, and WTP drops off significantly at geeatalues. The distribution for the annual
operating cost premium suggests that consumersahhigher stated aversion to paying more for
operating costs than purchase price premiums. Ateuaf respondents stated a WTP of zero,
and 75 percent indicated that they would pay noentlwain $1,000 US per year to operate a
cleaner vehicle over what they would pay to opesatenventional vehicle. The drop in sample
size observed in Question 7 is due to the factdbate respondents interpreted the question in
percentage rather than absolute terms (e.g., "10%")nand therefore their responses were not
included in the analysis for this question.

The main objective of assessing WTP is to appredtiat difference in price and
anticipated operating costs that would have totdasveen conventional and cleaner vehicle
options for consumers to consider such alternatiStged WTP reflecting the responses given
herée] is distinct from empirically revealed WTP, whichabserved through actual behavior.
Revealed WTP is preferred if its available, butestaNVTP is useful when the product in
guestion either does not yet exist or is not wigelgilable. Respondents answering these
guestions are not held to their answers or accbleta actual financial circumstances.
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Nevertheless, the response still offers a proxy aghat range of additional expenses would be
tolerable to the consumer.

CONCLUSIONS

While the clinic and the longitudinal surveys wediferent in nature, the study results illustrate
a fair amount of agreement. The clinic resultsdaté that short-term exposure to FCVs and
refueling can improve participant hydrogen vehioipressions. This conclusion is consistent
with the results of the previous longitudinal sty For example, participants in both studies
felt safer with the F-Cell, the more exposure thaly had with it. The longitudinal survey
illustrated an increase in feelings of safety (earage) over time, but it did not illustrate a
statistically significant shift between the firstdasecond study phases. In both studies, average
safety assessments increased with exposure. Thudimal study had less than one third the
sample size of the clinic, and this is potentialhe reason why near-term safety reactions were
found to be statistically significant in the clirbat not in the longitudinal.

Questions of perceived hydrogen refueling diffigwlere addressed in both studies, and
the results indicate that refueling is not likedytte difficult for consumers. Both studies
indicated that the majority of respondents felegafueling the F-Cell. The longitudinal survey
found that participants who refueled the F-Cellsistently felt safe doing so. Similarly, clinic
respondent impressions shifted towards feeling sdfer exposure to a refueling event.

In both studies, vehicle performance impressioesevgenerally positive, although the
longitudinal survey observed a slight novelty effeeer the course of the study. For instance,
vehicle braking impressions first rose and therided. However, general vehicle performance
assessments in the longitudinal study remainedtivelg stable over time. Interestingly, the
results for vehicle acceleration expectations podhe clinic exhibited a wide distribution.
Nearly 40% of respondents felt that vehicle acegien would be worse than that of a gasoline
vehicle. While after exposure slightly more th&%aof those participants found that the F-Cell
equaled or exceeded their expectations.

The ride-and-drive clinic findings offer some pdtehpolicy insights for the introduction
of new fuels. Among the leading petroleum altenesj hydrogen is among the least familiar to
consumers. Both study results appear to demonstr@teonsumers could readily adapt to
driving and refueling hydrogen vehicles. Howevbg tlinic illustrates that between 30 to 40%
of respondents had safety reservations prior tetingdy. These reservations decreased for most
respondents in the post-clinic survey. These samtig) nevertheless, were found in a population
that was largely self-selected. Hence, one woupketkthe broader public to exhibit perhaps
greater reservations. The clinic results suggedtghort-term hydrogen exposure could be useful
for introducing new vehicles and fuels to the gahpublic.

Additional results provide potential parametersd@ation network planning of dedicated
fuels outside of gasoline. In the clinic, most @sgents were willing to travel five minutes out
of their way to find fuel, and a sizeable proparntappeared willing to drive at least 15 minutes.
In addition, range considerations indicate thaialeb designed to travel around 250 to 300
miles (400 to 480 kilometers) on one tank would ttlee needs of most respondents. Similar
range results were found among longitudinal stualyigipants. Finally, WTP parameters
illustrate that consumers might pay more to drivelaicle that emits less air pollution. The
WTP distribution for purchase price also suggdsts tconsumers generally consider premiums
of $5,000 US to be the upper limit of what they Vdopersonally pay just to improve public air
quality. Premiums in operating costs exceeding(110S would be unattractive to many.
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Interestingly, nearly a quarter of all clinic reggents indicated no tolerance for operating cost
premiums.

Overall, for dedicated fuels such as hydrogen tzsed, some pre-exposure could assist
in educating the public and improving impressidthgdrogen is among the most distinct fuels
competing for future viability. Hence, adaptatidrategies that account for exposing the public
to vehicles in a neutral setting may help to expiedootential market. Of course, other techno-
economic challenges that address driving rangégihinfrastructure, and vehicle cost still must
be addressed. The information provided in thesdiestioffers an early proxy of vehicle and
infrastructure specifications that would be reqaiifer the proliferation of FCVs and other
dedicated alternative fuel vehicles in the future.
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