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Chapter 7
Public acceptance of hydrogen technologies in transport: A review of and
reflection on empirical studiés

N.M.A. Huijts, E.J.E. Molin, C.G. Chorus & G.P. van Wee

Abstract

This paper reviews a number of quantitative empirical studies on public acceptance of
hydrogen technologies in transport (published before May 2008) and provides a
reflection on their use of terminology and theory. Looking at the terminology, we argue
that the selected papers suffer from a lack of coherence and consistency in their usage of
terminology. For example, terms like acceptance and per ception have been assigned
different meanings across studies. This limits the wider under standing of the results for
hydrogen technology acceptance. Based on findings in other acceptability and
acceptance resear ch, we suggest ways to increase the consistency of terminology on
acceptance and knowledge-related terms. In addition to these terminology-related issues,
we show that the majority of reviewed studies lack a firm foundation in relevant
theoretical frameworks, such as a broader theoretical framework that incor porates
attitude and association measurements. This severely limits a thorough under standing of
the issue of acceptance as well as the wider implications of empirical findings. We
discuss in depth several avenues for improvement, by referring to available theoriesin
the field of social psychology. Specifically, we show that application of the theory of

planned behaviour and dual-processing theories, as well as findings on the influence of

! Published in: Geerlings, H., Shiftan, Y. & Stead, D. (eds.). (2012) Transition towards
Sustainable Mobility: The Role of Instruments, Individuals and Institutions. Ashgate: Surrey, UK.



knowledge and information, lead to an increased under standing of the current results.
Finally, we review the findings of the papers to discuss the acceptability and acceptance
of hydrogen technologies and the determinants of acceptability and acceptance. The
findings of the studies indicate that hydrogen public buses generate quite positive
attitudes and positive but diverse willingness-to-pay values. Only a few studies have been
conducted for other hydrogen technology applications. A host of factorsis found to
influence acceptability and acceptance, divided into demographic, psychological,
situational and knowledge-related factors. We suggest studying acceptability and
acceptance in a more extensive and comprehensive way, taking the influence of the many

possible determinants into account.

7.1. Introduction
It is increasingly acknowledged that the rapidlgwing energy demand, urgent
environmental problems and depletion of fossil$umand immediate and global
action (International Energy Agency, 2007). Zoomim@n the field of transport, one of
the major sources of energy and environmental problworldwide, both researchers
and policy makers have often suggested replacisgjlftuels with other, more
sustainable energy carriers, such as hydrogeriubls or electricity stored in batteries.
Of these alternative carriers, hydrogen is increggirecognized as a potential future
energy carrier leading to a sustainable futuregnsystem (e.g. Banister, 2000,
European Commission, 2006).

More specifically, hydrogen-powered fuel cell vébgcare expected to offer

potential solutions to a number of problems relatetlansport and/or energy use, such



as noise, air pollution, global warming and theusiég of energy supply (Banister, 2000,
European Commission, 2006, Ball and Wietschel, 20D@ffic noise is likely to
decrease if fuel cells instead of internal comlmuséngines are used for propulsion. Also
the level of emissions, which is known to influemgtebal climate change and local air
quality, can be reduced by using hydrogen as aifitlehnsport. Finally, reducing fossil
fuel use potentially increases the security of upp reducing our dependency on finite
stocks of fossil fuels and avoiding geopoliticaliggles resulting from this dependency.

However, before hydrogen can be successfully impidgad as an energy carrier
in transport, a great number of barriers need tablded, such as: the lack of refuelling
infrastructure, the high costs of fuel cells andiogf-carbon hydrogen production,
technology immaturity, safety issues and publicstaace (McDowell and Eames, 2006).
The first barrier, a lack of refuelling infrastruce, is likely to prove a difficult one to
overcome. The installation of hydrogen refuellingtions requires a great deal of
investment and will only be worthwhile if hydrogenused by many vehicles. Car
drivers, however, will not find hydrogen vehicldgactive if there is no ready access to
fuel (e.g. Struben and Sterman, 2008). This chiekahregg problem could be overcome
if government policy support stimulates both th&tatiation of fuel stations and the use
of hydrogen cars up to a certain “critical masstuBen and Sterman (2008) also argue
that the same chicken-and-egg problem appliesst@avhilability of spare parts and the
repair services associated with hydrogen fuelst<Carsd safety issues may be diminished
by technological research (Edwards et al., 2008)chvis increasingly taking place in

scientific institutes as well as in industry. Thaer&ean Commission (2006) also

% Note that the actual emission reductions strodgjyend on the source of energy that is
used for the production of hydrogen (e.g. Ball sviétschel, 2009).



indicates that hydrogen-related safety issues)greated to be tackled by setting
regulations, codes and standards. However, alktiieestments in terms of time, effort
and money from the side of industry and the govemmtrare deemed to have only a very
limited effect if the public disagrees with the wddhydrogen as an energy carrier in
transport. Reasons for diverging public opiniongtminclude a greater perceived safety
risk (as suggested by e.g. Bain and Van Vorst, 1608ecause of a general preference
for vehicles other than those fuelled by hydrogérerefore, while enormous
investments need to be made in research, develd@mdnmplementation, it is of

critical importance to gain knowledge about hydrogeceptance among the general
public, both in the role of citizens and consumB®acting to this need, a number of
empirical studies into the public acceptance ofrbgdn technology in transport have
been published in recent years.

The goal of this chapter is to critically reviewstivody of research into the public
acceptance of hydrogen as an energy carrier isp@t? In line with the approach
adopted in most of the available studies, we facuguantitative studies. The
contribution of this chapter to the literaturehsetefold. First, after having presented our
selection of empirical studies, we review and ften terminologies that have been
applied in these empirical studies. Specificallg, avgue and illustrate that the current
use of terminology is inconsistent across studmes@ovide definitions of and
distinctions between terms based on wider resear¢bchnology acceptance. Second,

we review the theoretical frameworks adopted instivelies and argue that what is often

% During this paper’s review process, another revdéempirical findings, which

includes identifying gaps in research, has beewniged by Ricci et al. (2008). Compared
to that study, we focus more heavily on quantistudies and discuss more elaborately
the terminology and theoretical approaches adapt#te reviewed studies.



lacking is a clear theoretical foundation underyperformed measurements and
explanations of obtained results. Several thedragn the field of social psychology are
presented, showing fruitful avenues for improviygliogen acceptance research. Third,
we highlight the main empirical findings presentiedhese studies, showing that
hydrogen buses have received positive acceptantee,ssnd showing that several
variables have been found to influence acceptaifeesuggest that more research is
needed to better understand the role of the sevariables. The last section presents

conclusions and recommendations for further rebearc

7.2. Selection of empirical studies

Empirical hydrogen acceptance papers were colldobed scientific journals up
to May 2008. An additional search using the snoinbathod provided extra papers. In
total, eleven journal papers and one conferencerpagre found. Table 7.1 shows
information on the retrieved publications, incluglithe specification of the type of
hydrogen application for which the studies measaptance.

[insert table 7.1]

As Table 7.1 shows, most of the studies concensprart applications; only two studies
measure acceptance of other types of applicati®mged (Molin, 2005, Zachariah-Wolff
and Hemmes, 2006). We will not discuss the empifioeings on these other
applications.

Eight studies deal with acceptance of hydrogensuSi of these studies were
connected to a hydrogen bus project that was dgtogblemented, five of which

concerned fuel cell buses and one concerned a ilusminternal combustion engine



(ICE). The study on the ICE hydrogen bus (Hicksbalg 2007) also stands out in terms
of being the only study that was entirely outsidedpe; the hydrogen bus study of
O’Garra et al. (2007) also provided data from PertAustralia, as well as three
European cities. Two of these studies and thedther studies measured acceptance of
other applications than buses, including hydrogas (Molin et al., 2007, Molin, 2005),
hydrogen taxis (Mourato et al., 2004, Zachariahf\asidd Hemmes, 2006), hydrogen
vehicles in general (O'Garra et al., 2005) and dgeln refuelling stations (O'Garra et al.,

2008).

7.3. Review of and reflection on the use of ter minology

Looking at the papers, it shows that the teacteptance, perception, attitudes and
preferences, as well aknowledge, awareness, familiarity andneed for information were
often used. In this section, we will look at defiimns or, when absent, at the implicit use
of the words to gain a better understanding of beverms are used in the papers. Then
we will look at the wider available literature tod suggestions for improvement. We
grouped together the first four terms, all représtve of the wider understanding of
acceptance, and the last four items, all relatdahtavledge which could influence

acceptance.

7.3.1. Acceptance, attitudes and perception

Terminology in the selected papers  The use of acceptance and seemingly related
words in the selected papers are presented in Tabldhese words were gathered from
the title, abstract and body of each paper.

[insert table 7.2]



Two findings stand out from reviewing the papeisstexplicit definitions are
very rarely given, and none of the papers provaldsfinition for acceptance. Two
papers (Molin, 2005, Zachariah-Wolff and Hemmeg$&)(provided definitions for the
words attitude, perception and willingness to Use other papers only implicitly
provided interpretations of the terms, by the messents taken. Second, Table 7.2
shows that a myriad of terms and measurementsehesen and often even seemed to
be used interchangeably. Acceptance or acceptalidit example, was measured by
asking for opinions, attitudes, beliefs and willegs to use, and sometimes even by
asking for preferences, WTP and willingness to ursaddition, the terms support and
opposition were used. The objects of acceptancsunements concerned actual
hydrogen projects or suggested future applicatidrig/drogen; some papers combined
both measurementattitudes were measured in many different ways, asking foppes
opinions on a wide array of topics and with marffedent answering scales, such as
opinions towards the transition to a hydrogen eoon@he scale went from bad to
good), trust in safety regulation (from disagreagoee), need for information (from no
to yes) and support (choice options were: supppgpsition, indifferent or need more
information). The ternperception was often used interchanged with associationgfsel
and attitudes. Furthermore, it was used for opsith respect to the use of hydrogen in
general and the respondent’s own use of hydrogéor @pinions with respect to aspects
directly related to the use of the technology, saglthe safety of hydrogen vehicles and

aspects indirectly related to the use of the teldgye such as emission reduction.



The inconsistency of the usage of terms betweearpaps well as the fact that
the meaning of terms is often not made explicthepapers, hampers the understanding
of the wider value of the studies for interesteatess.

Avenues for improvement: terminology in wider literature  Several studies, in the field
of psychology in general or research into acceg@afother technologies, have yielded
insights that can provide useful starting pointsifioproving the understanding of the
reviewed terms. Based on these studies, we wiliesigclarifications for the terms
acceptance, acceptability, attitudes and perception

While the term acceptance was used most oftertetheacceptability was also
used in one paper. From comparing the several pdipsrnot clear what the difference is
between these two terms. Schade and Schlag (28523isded the distinction between the
words acceptance and acceptability in the conteutlzan transport pricing strategies,
noticing that these two words were often used a@beral meanings and without clear
definitions. The authors made a distinction betwibentwo terms by saying that
acceptance refers to attitudes after the introdoaif the technology or measure, while
acceptability is the prospective judgment to intrcttbn in the future. These definitions
do not include behaviour, or do not distinguislitadies from behaviour. We propose,
therefore, using the term acceptance for actuad\debr in reaction to the technology,
and acceptability for attitudes towards the tecbgpland towards possible related
behaviours. This is more in line with Wolfse et(@002), who describe a framework for
the acceptability of controversial technologieseysuggest that acceptability considers
people’s willingness to consider the technologyosesly and acceptance refers to the

formal decision to implement the proposal.



Furthermore, papers usually use one term for aanept ignoring the
heterogeneity that the term acceptance can encampédstenhagen et al. (2007), for
example, described three different kinds of aceeggan the context of sustainable
energy technologies: socio-political acceptanceyroanity acceptance and market
acceptance. Socio-political acceptance concernegpéance at the broadest, most
general level, including acceptance of both pati@ad technologies; it concerned
acceptance by citizens, stakeholders and policyensakommunity acceptance was
defined as local stakeholders’ acceptance of lngagnewable energy projects. Market
acceptance concerned the adoption of the innoatierpublic acceptance, which is
our concern here, we suggest that three similastghould be distinguished: (1) socio-
political acceptance, which can be defined asipaliand social behaviour by the public
in reaction to national or even international (&nghe European Union) policy making
(2) citizen acceptance, which can be defined gsoreses to situations where the public is
faced with the use of technology in one’s livingas as a result of others, and (3)
consumer acceptance, which can be defined asuthie’s reactions to the availability
of innovations on the market (in other words: thechase and use of products).

To illustrate the proposed terminology for city bssthe public can have attitudes
(acceptability) and behaviour (acceptance) in readb (1) the implementation of extra
national taxes to realize hydrogen city busesh@)éalisation of these buses and
refuelling stations near their dwellings, and (8 availability of hydrogen buses, giving
the public the option of being a passenger in tinesebuses. It is expected that people
have different attitudes and behaviours for theerdnt hydrogen-technology related

events. For example, it was found that people laadiferent opinion about underground



carbon storage when they were asked about it irrgémersus when it concerns usage of
this technology within their own living environmeidden and Huijts, 2009).

The word attitude is regularly used in the papafgrring to many different
measurements. We would like to suggest definitfoors the field of psychology. Eagly
and Chaiken (1996) defined attitude as “a psychoédgendency that is expressed by
evaluating a particular entity with some degre&wbur or disfavour.” Also Ajzen
(2001) stressed the evaluative component of aggustating that this evaluation is
measured on scales like “good-bad, harmful-beradfipleasant-unpleasant.”
Additionally, Crano en Prisline (2006) suggest @itudes represent evaluative
integrations of cognitions and affects experienoe@lation to an object. So we suggest
to use the word attitude for evaluative judgmehts. attitudes in the context of hydrogen
acceptability and acceptance, Molin (2005) and Zaeh-Wolff and Hemmes (2006)
defined attitude as an “evaluative component degaiihether a transition towards a
hydrogen economy is good or bad.” Attitudes mayyéwer, also concern evaluations
towards other aspects, such as characteristitedéthnology and specific reasons to
implement the technology (e.g. climate changegdonomics the term preferences is
often used. Attitude is different from preferengethe sense that attitudes measure
peoples’ evaluation of something, without explicittferring to a certain set of
alternatives. Preferences are always dependeiecaternatives from which people
have to choose.

Another term that has come up several times isgpéian. The interpretation of
this word in the reviewed papers concerns a broaskethan is common in the field of

psychology. Psychologists usually use a definitiaat is directly related to sensation:
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perception involves the interpretation of sensatigiving them meaning and
organisation; sensation refers to the immediatebasit experiences generated as stimuli
fall on our sensory systems (Matlin and Foley, J99Ris definition from the field of
psychology is more “a quick immediate and intuittggnition” (Merriam-Webster
Incorporated, 1997), while hydrogen acceptanceesugbem to use a wider definition
such as “a mental image” (Merriam-Webster Incorfearal997). Terms used in
psychology for this are attitudes (see above) atiéfs. A belief can be defined as a
“conviction of the truth of some statement or thality of some being or phenomenon
especially when based on examination of evidengiegrjam-Webster Incorporated,
1997). Ajzen (2001) connects beliefs and attitudesaying that “beliefs that are readily
accessible in memory influence attitude at anymivement.” We suggest making the
meaning of terms more explicit in studies and tgkhre proposed definitions in mind

when studying the public acceptance of hydrogehnelogies.

7.3.2. Knowledge, awareness, familiarity and need for information

Terminology in the selected papers Table 7.3 gives an overview of knowledge-related
terms in the selected papers.

[insert table 7.3]

Several papers mentioned and measured knowledgéated items. The terms
that were used included awareness, familiarityjrigalieard of something and need for
information. Clear definitions, distinguishing tkeowledge-related measurements from

each other, were not given in any of the papers.

11



Knowledge was tested in many different ways. Fksgwledge was tested by
checking the ability to answer test questions atlyeThese tests comprised several
items that combined knowledge about environmentablpms, the physical properties of
hydrogen and the consequences of different fuelsoi®l, some studies asked for self-
reported knowledge, asking people to indicate hawhthey knew about hydrogen, fuel
cells or other related issues. Third, the termsramgss and familiarity were used and
seemed to measure being knowledgeable about emeinf®rmation. Fourth, several
studies investigated the need for more informatie.can conclude that also for
knowledge-related items, a myriad of words and eph@lisations were used. The
meaning of the terms and the wider implicationgheffindings were often not elaborated

on.

A reflection on theterminology  We will now reflect on this diverse use of the
terminology and suggest some definitions for teamd distinctions between meanings of
terms by using dictionary information and findirfgsm knowledge-related studies in
other research fields. First, the difference betwtbe knowledge indicated by the
participants themselves and the knowledge meadyréests needs to be understood. It is
unlikely that these two items have perfect correfet, and it is even uncertain whether
they have reasonable correlations, since peoplenoialge very good at judging their

own knowledge as compared to other people’s knaydethd may have a different
perception of what knowledge is than the researdites may be illustrated by a meta-
study in the field of genetically modified food aptance, which compared the two ways

of measuring knowledge in American and EuropeadiasuHouse et al., 2004). Self-
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rated knowledge was called subjective knowledgekaagdviedge calculated from the
percentage of correctly answered test questionscalbesi objective knowledge. The
study showed that the two knowledge measuremedtsadimeasure the same construct
in the gathered studies; the average correlatibndsn the two items amounted to only
0.36 (p<0.01, n=309). The study also showed thatwlo knowledge measurements
correlated to different variables; while both obijee and subjective knowledge
correlated with education, subjective knowledge alas correlated with religion,
location of the respondents and willingness to@dtfood products. Based on these
findings, we suggest making a distinction betwelgjecive knowledge and subjective
knowledge when trying to explain the role of knosde in the formation of hydrogen
acceptance.

Second, awareness was examined by posing the quegtether people had
heard of hydrogen and fuel cells or whether thesevasvare of certain developments or
projects. Familiarity, on the other hand, was &ditiby asking for familiarity with certain
information. It seems that these measurementsuate rg¢lated. The dictionary definition
of awareness (Merriam-Webster Incorporated, 199at)is closest to the way the
awareness is used here is: “having or showingzaadin, perception or knowledge.”
This definition includes the term knowledge and e gives an overlap with the factor
knowledge. It is suggested to use the term awasemdy in the context of having
realisation of the existence of an object (likevimg heard of it”) and to use the term
knowledge when people know specific facts. For fiamiy the definition is: “close
acquaintance with something” (Merriam-Webster Ipooated, 1997). While awareness

seems closer to mental processes or mental cotsstfaimiliarity seems closer to

13



experiences. The term familiarity can be used @sksation of the technology based on
personal experience with hydrogen technology, sischaving already used a hydrogen
vehicle, or other more extensive involvement withike having read a lot about the
subject.

Third, several of the selected hydrogen papersrtegpdhe need for more
information. Need for information was measuredwa tifferent scales. One scale was
an agree-disagree scale, thereby determining tloeiainof information need in general.
The other scale asked people either to give arpokié&n opinion by choosing support or
opposition, or not to give an outspoken opinionchgosing need for information or
indifference. This way of measuring need for infation will indicate whether people
feel knowledgeable enough to support or opposeskeof hydrogen technologies. The
two ways of eliciting need for information are @ifént by nature and can elicit different
responses from people. They cannot therefore leettlircompared. We suggest that a
general interest in information, and the speciechfor information in order to give an
answer to evaluative answers to questions shouttistieguished in order to be able to
answer certain acceptance questions.

Based on these deliberations, we suggest thabtosving six knowledge-related
factors need to be distinguished: (1) objectivevkiedge, (2) subjective knowledge (3)
awareness of the technology, or related aspectseisense of having realisation
(“having heard of it”), (4) familiarity with the tdnology, in the sense of having had
personal experience of it, (5) interest in moreiinfation (6) need for more information

in order to be able to answer acceptance questions.
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7.4. Review of and reflection on the use of theories

Looking at the selected papers, we noticed thahadtstrong theoretical framework was
lacking; important theories and theoretical notiarese often not explained. Most
authors did refer to findings in previous hydrogeml/or acceptance studies. Molin’s
(2005, p.115) study was the only paper that desdrébcausal model which was “loosely
based on attitudinal theories that can be fourgbythology literature.” Acknowledging
the theoretical knowledge base per se does naaserthe value of a paper; however,
applying these theories to improve the distinctibesveen the concepts, as well as
putting the results in a larger context and exptgithe value of the outcomes, will
increase the value of the research.

Although the studies did not describe relevant tiespthey did seem to make
several implicit assumptions. This was most cleatliree different topics that are
related to well-known theories in the field of pegtogy: (1) the relationship between
attitudes, intention and behaviours, (2) the infleeeof psychological constructs such as
associations and trust on acceptance, and (3ptldef knowledge, awareness and
familiarity. In this section, we will describe tivaplicit assumptions more elaborately
and we will reflect on theories that can improve tinderstanding of the available results
and the quality of future studies. Due to the lediuse of theories in the selected papers,

we will mainly elaborate on the reflective part.

7.4.1. The relationship between attitudes, intentions and behaviours

In general, when talking about acceptance, ittisrohoped that not only the attitude but
especially the behaviour of people is positive tasahe technology. For example, it is

hoped that people will use the hydrogen bus onisaplemented and that people do
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not protest against a hydrogen refuelling stati@at has been planned by policy makers.
In order to indicate current behaviour or predittife behaviour, attitudes are often
measured, even though the connection betweendasitand behaviour is usually not
explicitly discussed. The same counts for the ie@dbetween intentions and behaviour.
Several of the selected papers on hydrogen acaeptaeasured attitudes and intentions
to behave, as can be seen in Table 7.2, but of tteslies, only Molin’s (2005) paper
explicitly postulated that attitudes influence mtiens to use, and intentions to use
influence behaviour. However, a specific theorytha topic is not explicitly used to
choose and support the measurements. We will desttre dominant model for
predicting planned behaviour in the field of psyldgy and other theories that
complement or criticize this theory, in order tegent current insights into the value and
role of attitudes with respect to behaviour.

First, the widely applied theory of planned behavi@Ajzen, 1991) says that
attitudes towards behaviour influences the intentmbehave, which in turn influences
the actual behaviour. This shows that attituddsi@émice behaviour indirectly rather than
directly, via the intention to behave. Second,theory postulates that also subjective
norm and perceived behavioural control influendention to behave. This means that
attitudes are not the only predictors for intentiotoehave. Third, moods and habits can
also influence behaviour (see e.g. Ajzen, 2001Qwahg that also other variables can
have additional explanatory power for behaviour.ild/the theory of planned behaviour
is a model that predicts planned behaviour, i.éoiong from thoughtful decision
making (Crano and Prislin, 2006), it is increasynging recognized that people often

show automatic behaviour, habitual behaviour, draleur influenced directly by

16



feelings. Adding these variables to the model cantdease the predictive value of an
acceptance modelFourth, the predictive value of the applied mddellso strongly
influenced by the way variables are measured (Ageitand Connor, 2001). For
example, attitudes have to be consistently measumitedhe specific behaviour. Fifth,

the attitude needs to be strong (stable and resistahange) in order to have a relatively
high predictive value of later behaviour (Ajzen02J it needs to be recognized that
often hypothetical cases are studied and peopttsdes and intentions will not be the
same in reality (Crano and Prislin, 2006).

We will illustrate a few of these insights in these of hydrogen vehicles.
People’s car behaviour can be predicted by askimgnaber of people about their
intentions to buy a car and by asking about théiiudes towards the car. This can be
done in a very specific way by asking people alblogit intention to buy a specific car
within a specific timeframe in a specific locatiavhich can be predicted by their attitude
towards buying the specific car in the specificdiame and the specific location. The
actual buying behaviour could, however, also bliarfced by the idea that the vehicle is
not available at short notice because of rumowasttie time between ordering and
receiving the vehicle is too long (perceived bebaral control is low). In addition, the
intention to buy the car will also depend on thagm of the vehicle that prevails among
colleagues, neighbours and friends (this is reladembcial norm) and on the past
behaviour of buying cars since, for example, pew@pie are used to visiting a Ford

garage are not likely to switch to Toyota (habM)d if people expressed their attitude

* A meta-study (Armitage and Connor, 2001) has shihanthe theory of planned
behaviour on average predicted 39% of the varianaggention and 27% of the variance
in behaviour in 185 studies up to the year 1997.

17



when it was not a very strong attitude, the atstigdlikely to have changed by the time
they actually buy a new car.

Recognizing the value of measuring attitudes isortgmt for studying hydrogen
acceptance. We suggest that future studies ar@veg@roy, first, using extra predictive
variables, especially for the case that behavieuot planned, second, to attend the
specificity and strength of measured attitudesiatehtions, and, third, to measure actual

behaviour or try to simulate real life events sat tine predictive value increases.

7.4.2. Therole of associations, trust and affect

Several papers measured variables such as assosiaiid one paper measured trust.
The presence of many positive associations antintited presence of negative
associations were sometimes seen as a sign oftancepTrust was found to be related
to acceptance. Related theory on these factorsiatadiscussed in the reviewed papers.
Both trust and associations seemed to concerrtirguiotions, especially in the case of
affective trust or distrust reactions and insténee associations. In the field of
psychology, a growing body of research discussesdle of intuitive processes for
attitude formation and for behaviour, includingstiuassociations and affect. We will
discuss these here.

Dual-processing theories (e.g. Smith and DeCo26£0) postulate that there are
two pathways in thinking that lead to behavioure@athway is the rational or analytic
one, where reasoning leads to attitudes towaradbgatt and to behaviour, while the
other pathway is more intuitive and based on hecsideading to automatic or

spontaneous behaviour. Heuristics can be considgd@d-cuts in thinking, where instead

18



of spending the time and energy that rational timigitakes, people use faster and more
efficient routes in their mind, basing their decrs and behaviours on previous
experiences, feelings or other easily retrievabdatal objects related to the situation or
object. In general, it is assumed that both patlsveag used together to come to attitudes
and behaviours. Using associations to form youniopior basing your reaction on trust
and affect rather than a deliberate processingzefand likeliness of the effects, can be
considered examples of heuristics or short-cutkinking that influence attitude
formation.

Several studies investigated the role of assodcigtitvust and affect for
acceptance of technologies. Visschers et al. (2007&xample, showed that semantic
associations with other risks are found to inflieetiee perception of a new risk. Trust is
shown to influence the perception of both the reskd benefits of technologies (e.g
Siegrist, 1999, Siegrist and Cvetkovich, 2000, gitugl acceptance of biotechnology),
leading to an inverse relationship between thegreed risks and benefits. The same
effect was also found for the variable affect,uefhicing the acceptance of nuclear power
(Peters and Slovic, 1996). It has been found tasttthat this factor plays a particularly
important role in attitude formation for relativetgw and unknown technologies
(Siegrist and Cvetkovich, 2000, Midden and HU309), when little information is
available to deliberate upon. More intuitive fastauch as affect and associations are
more likely to influence attitude formation and beiour where relatively unknown
technologies are concerned and we therefore suggstiing these factors as

determinants for acceptance in hydrogen accep&tndées.
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7.4.3. Therole of knowledge-related items

Knowledge-related variables were treated in themgsometimes as a finding by itself,
sometimes as a predictor for an acceptance measntegeveral authors found that
higher scores on the knowledge measurements leidgher acceptance measurements.
That can easily lead to the idea that more knovderlgomatically leads to higher
acceptance and that knowledge can be increasemtiglimg information. For example,
O’Garra et al. (2005) suggested that “there is@gtneed to raise awareness
[knowledge] among the London public specificallpabhydrogen and fuel cells, as this
seems to be key to public acceptance of H2-basbtddogies”. We acknowledge that
knowledge can play an important role in acceptaaktkough the influence of knowledge
on acceptance is not as straightforward as is soreethought. The positive relationship
between knowledge and acceptance could also bedayshe fact that the people who
already had an interest in hydrogen informed thérasemore thoroughly, or had a
technical education and therefore have more knayeeohd also a more positive attitude
towards technology in general. We can thereforeasstime that increasing knowledge
automatically increases acceptance. In other fieldechnology acceptance, for example
windmill acceptance, the findings did not indicttat people with a low acceptance have
less knowledge: on the contrary, “objectors acyusipeared to be extremely well
informed” (Ellis et al., 2007, p.520). More resdancto the effect of knowledge in an
experimental setting is suggested to gain a claaegr of the relationship between
knowledge and acceptance. To increase understarvadengill first discuss some theory

on the effect of knowledge.
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Two mechanisms could block the positive effectnddimation on acceptance.
The first mechanism is that people do not use métdion to change their opinion in a
positive direction. Instead they may judge infonmratased on whether it corroborates
their opinion and consequently either strengtheroghinion they already have, or, if the
information does not agree with their opinion, dgard it (Marsh and Wallace, 2005).
People may also discard or even oppose informationided because they distrust the
providers of the information (e.g. Cvetkovich et 2D02). The second reason for the
possible limited positive effect of information anceptance is that people often do not
choose to study the available information at adir Fuurne (2008) showed that some
people actually avoid information. She mentionsesaireasons for information
avoidance. One reason could be that the gap innnaton is either too small or too
large. If the gap is small, people might feel tisap bridge the gap themselves, so they
do not need to get information from others. If tJag is large, people could fear an
emotional risk. This could include fear of bad nefear of failure, or fear of increased
uncertainty, fear of being incapable of making a@e decisions. Another explanation
may be the principle of least effort: people catucee effort by avoiding information
acquisition and processing (Payne et al., 1993)

Whether more knowledge leads to more positive daceg or not, it will
probably lead to more stable opinions (Daamen.gR@06), which would give more
definitive answers to how accepting people areydfdgen technologies. They may still
be positive or negative attitudes and behaviowsitltan also lead to neutral attitudes
and behaviours, because people realise the corptExhe topic (Hibino and Nagata,

2008) and can therefore not make up their mindvaegor the other.
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Based on these findings we can conclude that kragelés important, but that
providing information is not a straightforward stodun leading to increased acceptance
from the lay public. Besides the ethical aspectssifig information to influence people,
information might not always (Hibino and NagataQ@Preach the public, and when it
does, it does not automatically increase acceptdnoee research is needed to find out
the circumstances in which people take up inforamaéind how information and the

context of the information influences acceptabiéityd acceptance.

7.5. Review of empirical findings on acceptance, acceptability and deter minants of
these

In the light of the discussed terminology and tieused in the papers, we will give a
summary of the findings divided into acceptancetssl findings (including all the

different terms that have been used) and the detants of acceptance.

7.5.1. Findings for acceptance

In this section we will summarize the findings lofde categories, namely
acceptability and acceptance, willingness to payPyVand knowledge. As a result of the
larger number of hydrogen bus studies, these seatdtmainly related to this hydrogen
application. It should be kept in mind that differéydrogen applications will elicit
different attitudes, different benefit percepti@ml different safety perceptions.

All studies found high acceptability rates for hygen fuelled buses; the
acceptability number ranged from 68 to 95% of pgréints (O'Garra et al., 2007,
Hickson et al., 2007, Heinz and Erdmann, 2008, M&DO05). Small percentages (about

1 to 3%) of participants particularly objected (@i et al., 2007, Hickson et al., 2007),

22



mainly because of safety concerns, even thouglr sthdies found that a sizeable group
mentioned negative associations with hydrogen megs, such as “bomb” and
“explosive” (Zachariah-Wolff and Hemmes, 2006). @lk this indicates high support
for hydrogen buses and little influence of the pered safety issues. People often
seemed to associate hydrogen fuelled buses withoamvental friendliness (Hickson et
al., 2007, Zachariah-Wolff and Hemmes, 2006, O'&atral., 2005) and assigned a
positive rating of the comfort of the bus, compat@that of conventional buses
(Haraldsson et al., 2006). Quite a large proportibpeople, however, indicated that they
needed more information before they could actuddigide whether they supported or
opposed the technology. Acceptability or acceptariagher applications in transport,
such as taxis or boats, has not been measurecquies further research.

Stated willingness to pay extra for hydrogen fueleises has also been measured
by several studies. Stated willingness to pay élue predict consumer acceptance or
adoption, but does not equal actual consumer azeept Two studies measured
willingness to pay in two very different ways. O'&aet al. (2007) measured the specific
amount that one was willing to pay extra. This wesasured in four cities at the same
time. After explaining that hydrogen buses wouldtezaro air pollution, be less noisy
and more efficient than conventional buses, theaeWTP for bus tickets per city
varied between €0.27 and €0.40 (€0.32 on averdge)average extra annual tax that
London and Perth residents would alternatively beng to pay for these buses was €24
and €16 respectively. These numbers are reasonlaisly to each other, showing only
moderate differences between the cities. The silstyshowed, however, that 24% of all

participants were not willing to pay anything extndnich is a considerable proportion.
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Haraldsson et al. (2006) measured in Stockholm whigther people were willing to pay
more, rather than how much more they were willmgay. Two measurements were
taken during a hydrogen bus project. It was fourad ho less than 63% of the bus
passengers were not willing to pay extra at thenmégg of the project and 61% after one
year. There was therefore not much change in th&euof people that were willing or
not to pay extra for hydrogen buses between thes@oints in time. The number of
people not willing to pay more was much higheris sstudy than in the study by
O’Garra et al.. However, due to the different waf/smeasuring the WTP as well as the
diverging circumstances, it is not possible tolyeabmpare these findings. A very
different but cost-related measurement in a thindys (Zachariah-Wolff and Hemmes,
2006), measured the public’s reaction to highets;aghich were not specified. The
reaction to the suggested higher price of usingdneh buses instead of diesel buses was
that 37% of the Dutch participants in the studyngjead their preference from hydrogen
buses to diesel buses (the preference for the ggdrbus over the conventional bus went
down from 95% to 58%).

Only a few studies have looked into the willingnesgay for private vehicles
and taxis. One study, using discrete choice madglBpecifically provided insight into
how people balance the different drawbacks andfligré private vehicles in theoretical
situations (Molin et al., 2007). The results indezhthat both a higher fuel price and a
higher vehicle price each decreased the prefefen@hydrogen vehicle over the
current vehicle; however, a strong £€mission reduction of 30% did offset the extra
purchase costs of €1000,- but was not enough $e50% extra fuel costs. Another

study in London investigated taxi drivers’ willingss to pay for a hydrogen fuelled taxi.
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In this case, 69% was willing to pay extra for &iete with extended range and a lower
fuel price, even with only 10 available refuellisgtions in the city (Mourato et al.,
2004).

WTP values could be more extensively researchedifi@rent conditions of
hydrogen use and for different circumstances. bafiee in WTP values can result from
several factors. In the first place diverging WTabtues result from the differences in the
guestions asked to the participants, as we sakeibuas-related studies. Other reasons for
differences are often related to the context oMhEP question (see Sevdalis and
Harvey, 2006, who have been measuring contexttsjtdeéirst, WTP will be influenced
by the way that the hydrogen bus is introducedhéoréspondents in the study, for
example as reducing air pollution (as in the stogyD’Garra et al.) or without
introduction. Second, WTP for one specific optiati e influenced by whether people
are aware of alternative technologies. Third, WTilPbe influenced by the way that
extra costs are charged. For example, charging/iode population for using hydrogen
to fuel the entire stock of public buses might b@emacceptable than charging specific
groups of people for single buses. Finally, measiwvd P values might also be different
from actual WTP values because people are lesseaWaéine consequences of their
choice in hypothetical situations than in real Sfauations (e.g. Hensher et al., 2005). See
also Mitchell and Carson (1989) and Carson e8&l0{) for an extensive review of the
pitfalls associated with retrieving WTP respongekypothetical choice situations. These
factors will likely also influence acceptability dacceptance findings.

Knowledge-related items were measured in divergeswaseveral studies. The

studies showed quite consistently that the respasdead little knowledge of hydrogen
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technologies and the properties of hydrogen i{&ithariah-Wolff and Hemmes, 2006,
Molin, 2005, O'Garra et al., 2007, O'Garra et2005, Mourato et al., 2004) and/or many
respondents would like to have more informatiothattime of the research (24 to 73%
of the respondents, Haraldsson et al., 2006, @Garal., 2005, O'Garra et al., 2008,
Heinz and Erdmann, 2008). These findings indidad little is known about people’s
acceptability and acceptance when people are mtoemed and feel they have
sufficient knowledge.

Based on these findings, hydrogen bus acceptabpityus users if the bus does
not cost extra for the user is quite positive. Hegrethe findings are inconclusive for
diverse price schemes, for citizens living near touges and refuelling station locations,
for socio-political acceptance and for differemds of acceptance for other hydrogen

applications than buses.

7.5.2. Possible determinants of acceptance

Several potential determinants of influence to multceptance were measured in
the reviewed papers. Two categories that weredisdmguished in previous sections are:
1. psychological variables (such as attitudes ancepeates towards aspects of the
technology, general attitudes such as environmaitigldes, associations and
trust)
2. knowledge-related items (such as prior knowledgritithe topic, awareness of
the projects)
A third category is discussed in several papershbs not been part of the terminology

and theory sections. This concerns:
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3. demographic and situational variables (such asaucand distance from a
refuelling station)

We will look at the measurements for these deteantsin more depth per category.

Psychological variables Reactions to characteristics of a hydrogen vehieee
measured in two studies that differed in hydroggplieation, level of experience, and in
type of measurement (attitudes vs. preferenceskddn et al. (2007) measured hydrogen
bus passengers’ attitudes with respect to ridimgfod, noise level and temperature
comfort, based on personal experience. They fobata majority of their respondents
rated the comfort of the hydrogen bus more highnta conventional bus, while a
minority judged it as being equal. Molin et al. (Z) measured car drivers’ stated
preferences for future cars, based on various ctarstics that future cars might have,
and found that the perceived utility of cars wdkignced by fuel type, the amount of
CO; reduction, fuel price, the purchase costs of a wehicle, the detour necessary to
reach a refuelling station and the range of thelmatrnot by decreasing the motor
performance by 20%. The respondents valued hydragenfuel higher than biodiesel
and even more highly than hybrid vehicles. Duéhlarge differences in the setup of
the two studies, we cannot compare the results,édewy while the first study did not
show a correlation between the rated items and¢beptance of hydrogen buses, the
second study explicitly studied the influence gfexgs of the hydrogen-fuelled car on
preferences, showing which characteristic had nméiseence on the choices that people

indicated.
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One example of general attitudes and beliefs ttgapassibly, but not necessarily
related to hydrogen in transport is environmentgocern. This psychological variable
has been measured in several ways and has maeytésted in WTP studies. O’Garra
et al. (2007) found that giving high priority tolgic spending on solving environmental
problems positively influenced WTP extra for hydeadouses in two out of four cities
and that the frequency of donations to environmegrtaups or organisations also
positively influenced WTP in three of the four egi So, this factor did not influence
WTP values in all cities. The measurement of thitude towards the priority of solving
environmental problems with public spending wassignificantly influential when
considering whether to support or reject the inticiibn of hydrogen vehicles in London
(O'Garra et al., 2005). For taxi drivers, WTP foqairing a fuel cell taxi in the future
was found to be influenced by concerns about tiheepeed personal risk of suffering
health problems from air pollution, while WTP faarficipation in a fuel cell taxi pilot
project was not influenced by these environmerdteel concerns (Mourato et al., 2004).
These diverse findings show that environmentatiuaktis do influence stated WTP
answers, but this does not seem to occur in atesés The diversity in environmental
attitude-related questions makes it difficult tok@@ comparison between the studies and
draw stronger conclusions. We suggest a more tighrapproach to measuring the effect
of environmental concern.

Three of the twelve papers asked the respondentkdiv associations with
hydrogen. O’Garra et al. (2005) elicited free asgtams using open-ended questions.
Both Zachariah-Wolff and Hemmes (2006) and Moli6(Q2) measured free-associations

with open-ended questions, as well as close-endestigns, asking the respondents to
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indicate to what extent they associate terms sacdangerous” and “environmentally
friendly” with hydrogen, on a Likert-scale. ThetEatmeasurement seems to be very
close to the attitude measurements described iprth@ous section. Related to these
measurements, Hickson et al. (2007) asked two epded questions about perceptions
related to hydrogen as a fuel: one on the pos#tspgects of hydrogen as a fuel (*good
points”) and one on the negative aspects of hydregea fuel (“bad points”). Of the
three studies measuring associations, only Molicutated the correlation between the
close-ended associations with hydrogen and, oorieéhand, attitudes towards the
general use of hydrogen and, on the other handently with willingness to use
hydrogen applications. He found a positive corretabetween the association
“environmentally friendly” and both (1) attitude asirements towards the use of
hydrogen and (2) willingness to use measuremeritsrespect to hydrogen applications.
He found a negative correlation between the associdunsafe” and both (1) the
attitude measurements on hydrogen use in geneadgPanvillingness to buy and use
hydrogen applications. Based on the measurememisatized here, the meaning and
role of associations is not quite clear.

Trust was measured in one paper. O’'Garra et ab8Pfound that trust in safety
regulations positively influenced support of lodalvelopment and decreased opposition
towards a hydrogen storage facility near the redpotis home. Although this variable
has been measured in only a single study, it s¢éetns relevant for more situations and
transport applications and therefore should bén&urtesearched.

Knowledge-related items  Several studies measured knowledge-related item$\dd

all of them explicitly studied and explained th&evance of this variable. Saxe et al.

29



(2007), for example, measured the need for infaonand noticed that the number of
respondents needing more information went down #dnto 36% after running a
hydrogen bus project for one year. The influencthefneed of information on WTP was
not measured. Heinz and Erdmann (2008) and O’&arah (2008) asked people to
choose between support, opposition, indifferencktha need for information, indirectly
assuming and enforcing that the need for infornmascopposite to indicating
acceptability in terms of support, opposition atifference.

Five studies measured the influence of knowledgaameptance. Molin (2005)
and Zachariah-Wolff and Hemmes (2006) measuredfheence of positive, negative
and mixed information on attitude, using the samasket. Molin found that positive
information had a positive influence on intentioruse and negative information had a
negative influence on intention to use. The lattas larger in effect size, so it was not
surprising to see that mixed information, contagnegbements of both positive and
negative information, also had a negative influemeéntention to use. This was an
indirect effect; the perception of safety was aenmediate variable. This means that
information influenced the perception of safety erhin turn influenced intention to use.
Molin also measured the knowledge level of peoglete giving the information and
found that this prior knowledge level also positafluenced attitudes. The findings in
this study indicate that balanced information doasalways increase acceptance; it can
also decrease acceptance. Zachariah-Wolff and Herfouad that the three different
types of information influenced different perceptitems, which is probably a direct
result of the content of the different compositiofishe information blocks. O’Garra et

al. (2005) measured, first, the influence of whetteople had heard of hydrogen and
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fuel cell vehicles. The results indicated that hgvieard of hydrogen vehicles and to a
smaller extent having heard of fuel cell vehiclasd la positive influence on support of
the introduction of hydrogen vehicles in Londonc&wl, they measured the influence of
environmental knowledge by asking whether the nedpot knew that the ozone layer is
not the main cause of climate change. The researdinot find an additional
explanatory effect for this knowledge-related itédiGarra and Mourato (2007) found
significant positive correlations between, on the dand, knowledge about hydrogen
vehicles and, on the other hand, WTP for the alrramse pollution reduction associated
with the introduction of hydrogen buses in Lond@fGarra et al. (2008) measured self-
reported knowledge on hydrogen vehicles and fobhatgeople with self-reported prior
knowledge on hydrogen were four times more likelgtipport than oppose local
developments with respect to hydrogen refuellirayitees. These studies show that
several knowledge-related measurements, suchfasta knowledge, information, or
having heard of something, can influence acceptdaanes. Several studies showed a
positive relation between knowledge and acceptgt@hd acceptance-related
measurements, although sometimes no relation weslfdviolin’s study showed that
providing information, which can be assumed toease knowledge, does not
necessarily increase acceptability and accept&masidering the limited knowledge that
people have now, it is important to understandeffect of information, increased
knowledge, and a feeling that one knows enougbro fan opinion.

Demographic and situational variables Many of the studies measured demographic
variables and several studies reported correlatigtisacceptance. O’'Garra et al. (2005)

found that gender, age and income did not influesugoort for hydrogen vehicles, while
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gender and age did have an influence on prior lgair@and fuel cell knowledge. Men
had a higher score on both knowledge items thanemoidigher age had a positive
influence on prior knowledge of fuel cell vehicl€Garra et al. (2008) found that a
higher age increased opposition and decreased gugipocal hydrogen storage at
existing refuelling stations. They also found tadtigher income marginally decreased
opposition but did not increase support and, finahat gender did not significantly
influence opposition or support. Molin (2005), usédictural equation modelliigo
provide information on the direct and indirect effeof demographic variables on
willingness to use. The study showed that respastiage, gender and education level
had a direct and/or indirect influence on the ideshuse of hydrogen applications. Age
had a reasonably strong negative direct and indinlaence on intended use of
hydrogen applications. The indirect effect of agaaerned a negative influence on the
perception of environmental friendliness, which lagabsitive influence on attitude and
intended use. Both gender and level of educationaimandirect influence on intended
use. Men and higher educated people, on the orte had more knowledge of hydrogen
than women and lower educated people, which ledntmre positive attitude towards the
use of hydrogen and to a higher intention to uskdgen applications. On the other
hand, men and higher educated people perceivedggdrapplications as more unsafe
than women and lower educated people, which hajative influence on attitudes
towards hydrogen use and intention to use hydragglications. Combining both
effects, men and higher educated people had alglighher willingness to use than

women and lower educated people. We can conclwadéh findings of the studies on

® Structural Equation Modelling (SEM) enables a dtemeous estimation of direct and
indirect effects, controlling for correlation betrecovariates.

32



the influence of demographic variables are quiterdie and sometimes even
contradictory. This may be caused by using differeeasurements for the same concept,
or because it concerns different hydrogen appboatiA more thorough study of the
relation between demographic variables and acciiptand acceptance is needed.
Zachariah-Wolff and Hemmes (2006) looked at thkiarice of demographic
variables on more specific, single perception dtithde measurements. They found that
educational level, age and gender influenced a eummiperception and attitude
measurements. Educational level, for example, ipesitinfluenced the perception that
hydrogen was environmentally friendly and the atlg that “investments in hydrogen
buses are good,” while it negatively influenced aftgude “we should convert to
hydrogen when fossil fuels run out.” The age ofréesgpondents had a negative influence
on the perception of environmental friendliness anpibsitive influence on the attitude
measurement “we should convert to hydrogen whesilfigels run out.” Theniddle age
levels had higher values than the lowest and higigs levels for perception of
inexhaustibility of hydrogen and for attitudes tHfagdrogen buses are good” and that
“introducing hydrogen is good for the environmer@énder was found to influence only
hydrogen perceptions: men had higher scores ongdustiive and negative perceptions:
“environmentally friendly”, “inexhaustible fuel”,explosive” and “dangerous”. None of
these demographic variables were shown to influpeceeption of expensiveness or the
attitudes “eliminate negative effects before hy@mgand “convert to hydrogen as
quickly as possible.” This detailed information gaovide insight into the specific
beliefs of groups of people and can possibly expdififerences in findings on the effects

of several demographic variables.
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Demographic variables also influenced WTP measun&n&lourato et al.
(2004) found that education and age positivelyueficed WTP for a fuel cell taxi, but
did not influence WTP for participation in a pilatoject. O’Garra et al. (2007) found that
income and age, but not gender and university démuncdad in some cases a significant
influence on WTP extra for hydrogen bus fares draetax, but not for all four cities.
London respondents with a higher income indicatslightly higher WTP. Older people
indicated a significantly lower WTP in Berlin, Loowl and Luxembourg. Finally,
O’Garra and Mourato (2007), using the method ohgjlearegression, found that income
and the frequency of bus use had a positive inleaem WTP, while age and university
education had a negative influence on WTP. Genademio significant influence.
Interestingly, only some lower WTP values wereuaficed by the frequency of bus use,
age and university education. Apparently, peopée itidicated willingness to pay a
reasonable amount of money were influenced by ddwotors than people that were
willing to pay nothing or only a small amount of ney. Here we also find diverse
findings.

One situational variable is the distance to a gakhydrogen refuelling station.
This distance was found to be relevant for acceigtabf hydrogen refuelling stations:
residents living 200 to 500 meter away from a hgérorefuelling station are more
opposed to the proposed installation of hydrogerage facilities at existing refuelling
stations than people living less than 200 meterydwean the location (O'Garra et al.,
2008). Another situational variable is the curfeetuency of bus use. O’Garra et al.
(2007) asked for the bus use frequency but foundon@lation with WTP to support the

introduction of hydrogen buses in the city. Hicksaral. (2007) did notice that frequent
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bus users (more than 4 trips per week) had a nasigiye attitude towards using
hydrogen as a fuel than less frequent bus users.

Apparently, demographic and situational variabidlsience acceptance in certain
situations or in certain acceptance measuremeruse Morough research could combine

and compare the measurements of different situtmaod hydrogen applications.

7.6. Conclusion and discussion

Hydrogen is a potential solution to problems raldtetransport, energy use, the
environment and the security of the energy sugipbwever, several barriers need to be
overcome before successful implementation canddesegl, including possible negative
public acceptance. The aim of this chapter wasitically review the available
guantitative hydrogen acceptance studies in the @ietransport and to provide
suggestions for improvement. We have briefly re@dwhe use of terminology and
theory in the selected papers and provided suggesstor improvement, by referring to
general psychological theories and wider literatureacceptance. Finally, we reviewed
the actual findings on acceptance and determirdrasceptance and indicated
knowledge gaps.

First, with respect to terminology use, we notitieat terms were not used in a
coherent and consistent way across the studiesli$tessed the use of the terms
acceptance, acceptability, attitude, perceptionykedge, awareness, familiarity and
need for information, and suggested usage of tbamed on literature. A more explicit
use of terminology and related measurements, ohestuindicating what concepts mean

and do not mean, would improve the readers’ undedstg.
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Second, we noticed that the majority of the stutliek a firm foundation in
relevant theoretical frameworks. We suggestedfthiate studies provide more scientific
underpinning by making use of several theories ldgeel in the field of psychology, for
example dual-processing theories and the theopjanined behaviour. This will be
helpful because it will provide a more completeroiewv of the underlying mechanisms
and determinants and because it will increase statating of the wider implications of
the findings.

Third, we have briefly summarized the findings arblic acceptability,
acceptance and determinants. Since most of theesttatused on acceptability with
hydrogen buses, we can draw some careful, tentadinelusions with respect to this. The
findings on this topic suggest that test projeatk Wwydrogen buses, as well as the idea of
future hydrogen bus projects, receive positiveéuatds among the public. However, it
should be kept in mind that most of these bus ptsjend related studies took place
within large cities and towns in Europe and mighit @qual the acceptability in other
places. Within the studies the findings were alsivecdiverse. The knowledge level of
the respondents in all the studies was quite losveople often indicated they needed
more information. Based on the discussion of theorknowledge-related factors, we
realise that this might imply that acceptabilitydaacceptance may easily change. More
research is needed for acceptability and accepfanc®nsumer acceptance of private
hydrogen vehicles, for citizen acceptance (for pebping near bus routes and refuelling
station locations) and for socio-political acceptn

Fourth, several determinants of hydrogen technoémgeptability and acceptance

have been measured in the selected studies. Depiograriables were found to have
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varying (positive, negative or no) influence ongmance. Environmental attitudes and
knowledge measurements mostly showed a positivelation with acceptance, but also
here diverse findings were presented. Other vasaWwhich were measured but whose
influence still needs to be confirmed were, fisstiuational variables such as distance
from house to a refuelling station and frequenclhusd use, second, psychological
variables such as attitudes and perception towedsical aspects of hydrogen
applications, associations with hydrogen and tfrustctors involved with implementing
hydrogen applications and, third, knowledge-relateihs such as the need for
information and received information. Although 8tadies provided a useful palette of
relevant influences on acceptance, none of theestuthve measured these influencing
factors in a comprehensive way.

While this chapter has focused on the person-itlatetors that influence
acceptance (socio-demographics and other persatedetdituational variables,
psychological variables and knowledge-related Wéets), obviously also other more
general situational circumstances will influenceegatance. This includes the way that
the technology is introduced (e.g. by whom, whicdnid, which object, forcefully or
with the consent of all parties, etc.), the wayt tha hydrogen is produced (from oil, gas
or more sustainable sources), the exact desigmeakthnology (materials used, shape,
safety standards, etc), the available alternatwektheir characteristics (including other
energy carriers like bio fuels and electricity)dasther societal circumstances (e.g. the
perceived severity of the expected and believedatk change, price and availability of
fossil fuels and alternatives, etc.). Finally armportant role will also be played by the

way that society as a whole frames and talks ath@uproblems that we face, the
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desirable pathways for future energy and transp@tems, and the availability of and
views about possible alternatives. These are impofactors influencing acceptance that
need to be studied and elaborated on in futurerelse

Besides terminology and theory use, which we fodusein this review study,
several other study-related factors can influeheeacceptability and acceptance
findings. One factor which can influence findingates to the study design, such as the
introduction of the interview, and the choice ofamrring scales. Furthermore, and even
more unavoidable, language differences will infleceethe comparability of the results
and the transferability of the findings to otherdaage areas. Finally, we need to note
that the findings also strongly depend on the gmpaite choice and use of
methodologies. We will not elaborate on that herethodologies used in hydrogen
research are discussed by Yetano Roche et al. 2010

Note also that we have focused on quantitativeissudlVhile quantitative studies
have benefits, especially as they provide quantéaesults representing the opinion of a
larger population and the relative strength ofuaficing factors, these studies are also
criticized for the fact that they cannot graspenére complexity of the problem and do
not give people the opportunity to formulate theuesin their own words (e.g. Ricci et
al., 2008). Qualitative research provides a vakaoldition to quantitative research in
understanding people’s underlying reasoning anigfiseMe refer to the work of Ricci et
al. for a review and more insights from qualitatiresearch on hydrogen technology
acceptance.

All in all, we conclude that acceptance of hydrogeprobably not a major

barrier for the successful implementation of hy@ma@s a fuel in public transport buses,

38



but that more insights are needed to fully undedstae determinants of acceptance and
the interrelation between these factors, and mugigits are needed into the acceptance
of other transport-related hydrogen technology iappbns. Furthermore, insights are
needed into acceptance under diverse conditiongxample, differing in the way that
hydrogen buses are introduced or the way thatxtra eosts are retrieved from the
public) and about the factors influencing inforroatprocessing and attitude changes
resulting from information uptake. Finally, we askviresearchers to make more thorough
use of theories, to use terminology in a clearérranre consistent way, to study all
possible determinants in a more comprehensive arayto discuss the transferability of

results.
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