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Abstract

This working paper addresses a series of fundamissizes related to our research
task of exploring public awareness and attitudesatds new developments in
hydrogen energy. In particular, it seeks to idgrdifid discuss outstanding conceptual
and methodological challenges underlying this neseandertaking.

Our study has two interlocked challenges to tacklee first challenge lies in the
nature of the topic — hydrogen energy - about whighlic responses are to be elicited.
To clarify this point, the paper discusses the deripes and uncertainties associated
with hydrogen futures which are revealed acrosmuarexpert accounts.

The other major challenge is to devise an apprtgrigethodology for probing public
views on this complex topic and integrating themraaningful public engagement
mechanisms. The paper reviews the available liuegain public awareness, attitudes
and acceptability of hydrogen, discusses their puilogies and assumptions, and
attempts to draw lessons for current and futurestigations in this area.



Objectives and challenges of the study

Our study has two main objectives. Broadly, it atmsontribute to the current debate
on upstream public engagement in the process okation and technological change.
More specifically, by focusing on three areas & UK (Teesside, South Wales and
Greater London) where hydrogen energy developmamteing proposed, planned
or implemented, it attempts to explore public awass of and attitudes towards the
prospective role of hydrogen as an energy cadmeparticular, our research seeks to
shed light on the various ways in which differeatttons of the public might frame
the risks, costs and benefits of different hydrogamnologies and applications.

The study addresses the following research questiwhich also are the issues we
would like to put forward as topics for public dission:

1. Are people aware of hydrogen energy in general @ntlydrogen technology
developments in their regional area?

2. Are people aware of the broader issues about ersrdythe environment, which
also have a bearing on the increasing interesgdindgen? What are their attitudes
and behaviour in this respect?

3. What do people think of hydrogen-based technologidsen given more
information about them? Do they suggest any alter@@a

4. What would be the main drivers (and barriers) tppsuting and/or adopting
hydrogen-based technologies?

5. Is there a difference between their roles as comrssiand citizens?

6. What concerns (including risk issues) are raisedwhich contexts are they
discussed, and what role do they play? How do eiopime the risks of hydrogen
and their relevance to their everyday life?

7. What are the value and beliefs that shape thoseecos? How do public attitudes
and concerns compare with those of interested gsar8uch as industrial and
public sector stakeholders?

8. Who should decide and act about developing hydregea fuel of the future? Do
people want to be involved in the broader debateibénergy?

Eliciting public attitudes towards hydrogen energgrries significant challenges.
Firstly, the technical nature of the subject is compled associated with major
uncertainties. Hydrogen energy is at a very eadges of development and can be
used in rather different future technological cguafations, depending on various
factors. As an energy vector, hydrogen must be ymed by consuming a primary
source of energy. The multiplicity of productiorutes, the level of centralisation in
production and use, the diversity of storage teldgies and distribution
infrastructures, and the myriad potential end-usdls concur to increase the
complexity and uncertainty associated with thisitexdogy.

Looking at potential applications, hydrogen eneogn be embedded in radically
different technologies and products which havemtisive patterns of consumption or
interaction with society. The degree of uncertaiabput its future deployment and



diffusion across society is great. Expert accoanés not unanimous in this respect.
Some hydrogen-based technologies are nearer to emialisation than others and a
great deal of research is still needed to improwth theoretical and practical
understandings.

Secondly, evidence from recent studies suggests that pkbbeledge and awareness
of new developments in hydrogen technologies ageifstantly low. As argued by
Shackleyet al. (2004), who in particular refer to carbon storagel sequestration
technology, major difficulties arise when presegt{and encouraging public debate
about) complex technical issues which are remate fpeople’s everyday experience
and for which people have no immediate referencat@o

Hydrogen energy: what does it mean and how will ikok like?

The study of public awareness and attitudes towaydsogen energy has to address,
firstly, what “hydrogen energy” means and relatesGitizens may be aware of some
particularly publicised technologies based on hgdm such as fuel cell buses and
cars, which in some cities have been part of detraten projects. However, those
popular examples represent just the “tip of théécg” in the wide-ranging portfolio
of prospective technologies based on hydrogen. thxhdilly, it is not clear whether
prototypes will eventually be mass-produced andthdrethey will look the same as
today.

Focusing only on the end-uses of hydrogen leadmigsing the importance and
significance of the whole picture of hydrogen egesgstems, which also include all
the facilities and infrastructures needed for hgeéroproduction, storage, distribution
and delivery; the knowledge base, skills and hucerital required to develop and
deploy those technologies; the institutional, pedit and organisational settings in
which those developments take place; and the saxililiral and symbolic meanings
associated with them.

In other words, “hydrogen energy” cannot be simmglguced to a cluster of advanced
technologies and/or innovative consumer productd aervices, but should be
regarded as a complex “socio-technical system’k@igt al., 1987) composed by

tangible technological artefacts and less tangsbigal, political, organisational and
cultural components.

The level of complexity becomes evident as soothasprincipal characteristic of
hydrogen is taken into account: as an energy camelecular hydrogen has to be
produced because it is not available naturally ataad-alone substance. Hydrogen
can be produced by electrolysis of water or diyefrttm coal, natural gas, biomass
and nuclear power plants, by using chemical orogichl processes. In all cases, a
primary energy source, or feedstock, must be depl@and primary energy must be
consumed to run the hydrogen production process.

There are profound differences among hydrogen mtamu routes if they are
evaluated against distinctive criteria, such asirenmental sustainability, cost-
effectiveness, security of supply, proximity to aaercialisation, etc. This leads to a
multiplicity of different scenarios of hydrogen paction, and associated
environmental, economic and social implications,iclwvhcan be presented to the
public.



Hydrogen production systems may also need to relhadditional technologies. An
example is carbon dioxide (CO2) capture and stof@@S). If hydrogen is produced
from fossil fuels, by steam reforming of naturalsgar coal gasification, CO
emissions at the production stage could outweighbmefits of hydrogen at the point
of use. CCS technology, however, is still beingdgd and many unknowns need to
be tackled before it becomes technically mainstream

Indeterminacy adds to complexity. Expert accouet®al great uncertainty as to what
the future holds for hydrogen production. There a&mntrasting expectations

concerning not only the primary source and assegitgéchnologies that will be used,
but also the level of centralisation in hydrogeadurction.

Currently, hydrogen is employed as an intermedm@educt, or feedstock, in a
number of industrial applications, especially inethammonia production,

petrochemical refining and food industries. Virtyalll hydrogen is consumed at the
site of production, where steam reforming of ndtgas is the most established
technique. Being a well-understood production rpsiteam reforming is also the most
cost-effective. However, it is not unanimously ddesed as a suitable option for
long-term production of hydrogen as an energy ear(Adamson, 2004; Romm,

2004).

A report commissioned by the WWF in co-operationhwkuel Cell Europe (Pehnt
and Ramsohl, no date available) makes the samekeand adds that nuclear power
and coal should be ruled out. The use of coal, essociated with CSS, “is not seen
as a successful climate strategy for the next defad\s for CSS itself, it is argued
that “carbon disposal remains an open issue” wisettba safe storage of G@annot
be guaranteed presently”. Hart (2004) highlights tixchnical challenges associated
with converting large-scale industrial hydrogenduction processes into small-scale
commercial units for distributed generation. Indtedghe National Academy of
Sciences (2004, p.3) believes that “the transitioa hydrogen fuel system will best
be accomplished initially through distributed protion of hydrogen” and envisages
the diffusion of “small hydrogen-production unitschted at dispensing stations”,
based initially on steam reforming or electrolysis.

Some commentators envisage the renaissance ofanyaeer, which could produce
emission-free electricity for electrolysis or dilgcproduce hydrogen via thermal
processes. Others expect that hydrogen will belynpstduced by renewable sources
(either directly or through electrolysis of waten) particular wind, solar and biomass.
To date, there are no commercial plants that pthydrogen from renewable energy.
Moreover, operating electrolysers with intermitterénewable electricity still
represents a technical challenge affecting conwersefficiency and long-term
durability (Adamson, 2004).

Once produced, hydrogen must be stored and distdbto the locations of its
subsequent use. Likewise production, hydrogen géorand distribution can be
realised, in terms of technical possibilities, maaiety of forms.

Hydrogen storage is a particularly challenging areaught with significant
uncertainties. Being the lightest element of ajiddogen has a very low energy-to-
volume ratio. This means that storing hydrogen gneequires far more space than
any other conventional form of energy. Currentlyditogen is stored either as a gas,
in pressurised cylinders, or as a liquid in spéciadanufactured containers at a very
low temperature (-253C). Although the use of hydrogen in industry arsladuel, in



prototypes or demonstration projects is almost uivegally considered successful,
currently available storage technologies would $hilbrt of the desired performance
and cost-competitiveness necessary for a large-smahmercial roll-out, especially
in the transportation sector (Harrés al., 2004). Solid-state and other advanced
storage technologies capable of releasing hydragedemand are currently being
studied and tested in the laboratory, but theysalidar from commercialisation.

A distribution infrastructure, comprising pipelinesd tankers for road transportation,
already exists in a very limited form and servesrant hydrogen utilisation in
industry. In the UK, for example, there is a 30 kimg hydrogen pipeline network in
Teesside, currently serving the local petrochemiodustry. The total hydrogen
pipeline system amounts to 1500 km in Europe antbtbkm in the US (Risoe, ISI,
ENEA, 2005). However, to be able to sustain a futeconomy based on hydrogen,
this (almost invisible to the public) infrastructdumust be extended, either by
converting that built around conventional energshtelogies, or by developing new
infrastructure.

Finally, hydrogen energy can be incorporated inidewange of different products
and uses, most of which are currently at laboratwrprototype scale. As any other
form of energy, in principle it could be used toygp anything that requires electricity
or a fuel to work. The range of hydrogen-poweredht®logies that could be

commercially available in the future is huge andnpdses stationary, portable and
mobile applications. They span very different praiduand services, from high-tech,
small fuel cell-powered laptops and electronic desj portable power for remote
areas not connected to the electricity grid, to looeed heat and power (CHP) units,
capable of providing electricity and heat to homeffices and businesses. In the
transportation sector, hydrogen could be used dsehto power public buses,

individual cars and any other type of heavy- awgghthduty vehicles. None of these
applications has reached the consumer market astd aece still dramatically high.

Power from prototype fuel cells costs, in fact,gbly 100 times as much as that from
a conventional petrol engine (Crabtetal., 2004; Bianucci, 2006).

The picture that has emerged so far portrays “lyeinoenergy” at the core of a
complex network which connects different primaryery sources to multiple end
uses. Various interrelated technologies and conspnoglucts could become part of
this system, such as hydrogen refuelling statismsll residential CHP units, fuel cell
cars or high-tech fuel cell-powered electronic desi As it claimed by Andrews and
Weiner (2004, p.27) in relation to the difficultyf alearly positioning hydrogen
systems in the broader energy context, “the closerlooks, the more ambiguous this
vision of the hydrogen economy becomes”.

At this time there is no certainty that currentiiealogical options will be maintained
also in the future. Actual demonstration projectalld develop into commercial
products with little change, but they may well leplaced by different technologies
should unexpected circumstances demand so. Aslsigtihe NAS study (2004, p.3),
the ultimate hydrogen infrastructure “cannot yefdily identified and defined”.

Expert assessments and visions on this matter aarérdm consensual. A report
published by the American Physical Society (2004hich develops a critical

assessment of the US Hydrogen Initiative, undeslifandamental problems
associated with hydrogen production, storage aedand warns that “major scientific
breakthroughs are needed” (p.1). Among the recordatems, it clearly emphasises
the need for funding more basic research on hydrogehnologies, while advancing



research in energy efficiency and renewable enarggs. In similar vein, the NAS

study (2004) identifies current barriers and redeareeds facing the transition to a
future (and mostly desirable) hydrogen economy ail$ for increased government
funding on “breakthroughs in on-board storage swstein fuel cell costs, and in

material for durability” (p.4). The report also wlines uncertainties and unknowns
in many areas of hydrogen technologies, includafgty.

Opposite views are expressed by Amory Lovins (Motod, 2004), who instead
claims that “light, efficient vehicles remove anged for a new hydrogen storage
material or for liquid or solid storage, both of ialh are far costlier than simple
compressed-gas storage” (p.106).

The overall desirability of a future hydrogen ecaryois questioned by several
commentators, who express serious doubts abouwathilisy of hydrogen to become a
credible and effective competitor in the futurelfaed energy landscape (Crea, 2004;
Kreith and West, 2004; interview with P. MacCreadWylotortrend, 2004;
D.Hammerschlag and Mazza, 2005).

Further evidence of the broad spectrum of visiorsexpert views about the future of
hydrogen energy is provided by McDowall and Ean94) in their detailed review
of hydrogen futures literature within the UK SHEThis study reviews a number of
forecasts, scenarios, visions, backcasts and rqzitwathe hydrogen economy in
order to produce a set of realistic, credible hgdrofutures, roadmaps and pathways
to them, and to identify key decision and actiominfs along those routes. What
emerges from this review is an extremely complexis@ape populated by diverging
views of drivers, barriers and challenges shapimgde range of possible “hydrogen
economies”.

Given such a heterogeneous depiction charactebgedontested assumptions and
expectations, it becomes quite difficult to prestre public a comprehensive and
stable overview of a future hydrogen energy system.

The multiplicity, diversity and uncertainty charagsing these future technologies
and products bear significant consequences on dyeimwhich the public will react
to them. Important decisions of a social and pitnature will have to be taken to
support any of the diverse configurations of a bgén economy: decisions about the
types of production routes to privilege (with thespible renaissance of nuclear
power); the prospective large-scale adoption ohswavel technologies as CCS; land
use, in the case of hydrogen from biomass; and ssin&increase (doubling) of the
current electricity production capacity to meeufethydrogen demand (Duttehal .,
2005).

To date, no study on public perceptions and aggudwards hydrogen has addressed
all these issues exhaustively. Most studies focusansport applications and address
specific projects, either existing or planned. Tho#owing section presents and
summarises their findings.

Public awareness of hydrogen as a new fuel: evidemfrom past studies

The way people feel about a future developmentlofdtogen economy may depend
on their current awareness and knowledge aboutolygdr, which they might have
gained from media reports or other publicly avddaimformation. Hydrogen is



usually presented under a positive light, and aasatt with global benefits to the
environment (hydrogen would help reducing our deeece on fossil fuels and
secure the use of domestic and renewable energges)land local benefits, such the
improvement of air quality, and reduction of paltut and noise from vehicles and
power-generating technologies. Being representdtiea&ltimate solution’ to many
of the energy and environmental problems afflicting world, hydrogen and its
associated technologies have so far enjoyed a faktauprofile across the media and
policy agendas. This contrasts with the largelyatieg social response to other new,
unfamiliar technologies such as biotechnology, Whias caused public anxiety due
to its potential to ‘play with nature’ and createlplems, rather than solving them.

Some websites supporting the development of adutdiydrogen economy” insist
that people would make a link between hydrogentaedH-bomb or the Hindenburg
disaster (whereby a hydrogen-fuelled dirigible dauge minutes before landing and
caused the death of many passengers), and feac ppplosition on safety grounds.

However, intensified attention at local, nationatlanternational level on the use of
hydrogen as a “clean” energy carrier and fuel l@soeren matched by a comparably
high degree of public engagement. Few studies atigattitudes towards hydrogen
have in fact been published so far, the majorityvbfch point to a general lack of
awareness and knowledge of hydrogen among theulblcpMost studies consist of
quantitative surveys, based on questionnaires, jagtd a few adopt qualitative
techniques, such as interviews and discussion gr@mugfocus groups). Moreover, the
principal focus of most studies is on public attés and perceptions of hydrogen as a
transportation fuel, in such applications as basescars.

One of the few publicly available studies on pulperception and acceptance of
hydrogen technologies was carried out by LudwigkB@l-Systemtechnik (LBST) in
co-operation with the Ludwig-Maximilians Universitgf Munich (Altmann and
Graesel, 1998). The study, conducted through a tignesire, comprises three
separate investigations addressing the level ofeavess, knowledge and acceptance
of hydrogen technologies among the German publid #me need for more
information. Study 1 specifically targeted secogdsrhool students, Study 2 targeted
passengers of the first H2 bus in Munich in operath 1997, and Study 3 compared
responses given by secondary school students oilZhbus with those given by
students in the classroom in Study 1.

Study 1 elicited the views of 410 students and ¢otivat acceptance is influenced by
gender and age: girls were more likely to give gatiee opinion than boys and older
students tended to show greater acceptance. Adsitaohd behaviour towards the
environment appeared to slightly increase the ilikeld of acceptance. Knowledge
about hydrogen was extremely low and spontane@aadions were mostly neutral.
Students with prior knowledge of hydrogen had beennly informed through the
mass media. Most students pointed to the schootkhas principal source of
information they would use to gain more knowledbewt hydrogen.

Study 2 addressed the opinions of 145 passengeb®aml the H2 bus in Munich.
Again, an overall acceptance of hydrogen emergeapitelow levels of awareness
and knowledge among the public. Environmental $ditgiwas linked to acceptance.
Prior knowledge was gained through the mass medid @emand for more
information about hydrogen emerged.



Study 3 presents a comparative analysis of theoresgs from students from Study 1
(N=188) and Study 2 (N=24) to assess whether daxgerience of riding the H2 bus
influence perceptions and acceptance. This analgsiscludes that students
interviewed on the H2 bus showed greater acceptamck were more likely to
associate “hydrogen” with positive assessmentd) sngironmental benefits.

In conclusion, the authors claim that hydrogen netbgies enjoy a good public
reception and demonstration projects should be ldped to reinforce public

familiarity and trust. It is suggested that isswéssafety should be the subject of
research and development, but they should not ¢@rded as appropriate topics for
public debate.

Several relevant studies exploring public attitutiesand perceptions of hydrogen-
based transport technologies have been carriedvidhin the EU-funded project
AccepH2. The research investigation conducted withis project, funded by the
European Commission, consists of a cross-contihesttady addressing public
attitudes and preferences for H2 buses in LondoelilB Luxembourg, Perth
(Australia) and Oakland (USA).

Among the reports published within AcceptH2, partacly relevant is a detailed
review of earlier studies on public acceptabilifyhydrogen which have not been
published in journals or made publicly availabletba internet (Altmanset al., 2003).
This report presents a comprehensive review ofiesudn public perception of
hydrogen technologies and other clean vehiclesfaeld, among which there are 4
investigations carried out in Germany and one enWs. These studies significantly
differ in their sample size and characteristics gnredmethodologies used.

Dinse (1999) reports the outcome of a series d-faeface interviews conducted in
Berlin in 6 different public locations, with 150ndomly selected people in the street.
The survey, based on a few open-ended questiodeess®d spontaneous associations
with the word “hydrogen”, awareness, knowledge attdudes towards hydrogen-
powered transportation. Associations were mainlytiaé and very few people
recalled the Hindenburg accident. When asked fassipte uses of H2, 40% of
respondents mentioned energy-related uses; 61% lkab@ut H2 vehicles, mainly
through school, the press and television. Of tha#i prior knowledge on H2
vehicles, 71% expressed a positive opinion andresteabout this technology,
depending on costs, fuel consumption, environmegrgebrmance, driving autonomy
and engine power. Gender differences emerged, méth more knowledgeable about
H2 than women.

Another study by Dinse (2000) concerns a largeescalrvey conducted with
randomly-selected BMW employees across Germany thié majority operating in
Munich. Respondents (N=593) were asked about gexieral attitudes, interests and
knowledge of H2 technology, their perception oksignd benefits, word associations,
the influence of the media and issues of trust.eftance was found to be high,
especially for males with higher qualifications.sgendents perceived the risks of H2
to be higher than those of conventional fuels; rifedess they supported a future
shift to H2 as a fuel provided it would entail caangble prices and a sufficient
refuelling infrastructure. High-tech vehicles wedentified as the more appropriate
forms for rapid diffusion of H2 technology. Recommations were made to increase
information diffusion through schools and the mediad to improve visibility and
public trust.



A passenger poll carried out by the local bus dpera Nurnberg, Germany, is also
reviewed by Altmanret al. (2003) although the study was only reported inres®
release. For this reason, details on socio-ecorsoahiaracteristics of the respondents
(N=156) and methodological issues are not available main findings point to a
general positive reception of the H2 bus, despigereralised lack of knowledge on
this technology. Low emissions and low noise levadse the main features of the bus
which attracted positive judgements. Most respotsderlaimed to support the
introduction of H2 as a fuel and accepted moddrateeases in fare price. A similar
poll was conducted by the Chicago Transit Authomilyd very few details are
provided. Reactions to the H2 bus were mostly pasitby both drivers and
passengers. The interviewed drivers expressed iymsissessment of the bus
performance in terms of driving and low fumes emiss and noise.

One of the most recently published studies (O’'Getrad., 2005a) investigates public

attitudes towards the introduction of hydrogen kuse London and attempts to

identify key factors underpinning public acceptanthis study is part of a much

larger investigation conducted at internationaklewithin the EU-funded AcceptH2

project. Discussing past evidence on this issue, ghper argues that despite a
generalised lack of public awareness, hydrogenclehido attract relatively high

public support. However, it is claimed that pastdgs have mixed results. Overall,
previous findings point at prior knowledge, expede, safety and environmental
concerns as having relevant influence on suppoditieides.

By administering a telephone questionnaire to godawf 414 London residents prior
to the introduction of H2 buses, the authors fotlvad over a third of the respondents
were supportive of the introduction of hydrogen ields in London, whilst the
remaining two-thirds needed more information tarfdheir views. Free associations
with the word ‘hydrogen’ were mainly neutral, folled by positive and negative
associations. According to the authors, “theselt®suggest that public concerns
with hydrogen safety are not likely to be widespifeaSafety concerns, instead,
appear to preoccupy the experts more than the yeoiv@opulation. The study
concludes that prior knowledge about hydrogen agpaincrease the likelihood of
acceptance, whereas environmental concerns digesoh to influence public support
for hydrogen vehicles.

Evidence that attitudes towards the environment nmyhave a significant role in this
respect is in line with previous findings of economesearch (some of which are
reviewed by Mouratcet al., 2004) investigating purchasing intentions anduact
choices of transport technologies. Cost, perforraaarad personal benefits emerge as
key factors influencing preferences for privategort.

The research investigation conducted within the efdtid2 project, funded by the
European Commission, consists of a cross-contihesttady addressing public
attitudes and preferences for H2 buses in LondoerliB Luxembourg, Perth
(Australia) and Oakland (USA). In each city, surweyere carried out about one year
prior to the introduction of H2 bus trials and camgd with the results of similar
surveys carried out after the H2 buses had beeodunted. The objectives of these
studies were to investigate public knowledge, peifoas and attitudes towards H2
fuel cell buses in each city, to estimate willingsi¢o pay (WTP) for the large-scale
introduction of H2 buses and refuelling faciliti€¢assuming these would bring
significant environmental benefits and reduce pimiu and noise in participating
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cities), and to assess the relative influence eflibis trials on public responses by
comparing ex-ante with ex-post results.

The findings from the ex-ante surveys (Neves andifslim, 2004), conducted mainly
through telephone interviews with bus users (amdimber of non-users in London
and Perth), indicate that perceptions about hydragere predominantly neutral and
knowledge of hydrogen and fuel cells was relativighited. In particular, the level of
awareness of hydrogen vehicles was highest inBarld lowest in London, probably
due to previous H2 trials in Berlin in the past.spie this widespread lack of
knowledge and awareness, support for the H2 basstwas pretty strong. Less
enthusiastic responses and the need for more iatmmemerged when attitudes
towards a large-scale introduction of H2 buses eefdelling infrastructure were
investigated. Willingness to pay for a hypothetiteasive introduction of hydrogen
buses was elicited by using the “contingent vatmatmethod” via two different
payment vehicles, namely the WTP per bus fare hadN TP extra taxes per year.
The aggregate results show that respondents wénegwo pay on average £0.21 per
bus fare (approximately equivalent to 22% of therage bus fare) and £15.37 extra
taxes annually, with the latter result representirgmarkably lower level of WTP. It
was also found that the main variable that sigaifity influenced WTP was
environmental sensibility.

Ex-post surveys, carried out in the same citiesdpk Oakland) six months after the
introduction of the H2 bus trials, revealed (O’'@Gar2005) that awareness level in
Berlin and London did not change significantly, wdes in Luxembourg and Perth
awareness levels did increase and respondentstieemost aware of H2 bus trials
taking place in their city. This might have beee ttonsequence, it is claimed, of a
greater exposure to both the bus trial, more \asibl a small city, and of a more

extensive public dissemination campaign and medieerage than those in London
and Berlin. Berlin and Luxembourg respondents slibthe strongest environmental
attitudes, whereas London and Perth showed the eseakttitudes towards the

environment. Unconditional support for the largalscintroduction of H2 buses

increased significantly six months after the comoesnent of the trials in all cities.

Statistical analysis points to prior knowledge gttogen as the major driver for

support in Berlin, Luxembourg and Perth. In cortiragllingness to pay for the large-

scale introduction of H2 buses did not increasenost cases, being similar to that
elicited in the ex-ante survey. Overall, attitudewards the storage of hydrogen in
local refuelling stations were positive.

It is concluded that, although attitudes towarddrbgen buses became more positive
in all cities after the trials had begun, respotsiepreferences remained almost
unchanged. Spontaneous associations with the wordrégen” did not provide any
meaningful insights into public attitudes, in fact clear patterns of answers could be
identified across cities by comparing ex-ante veixhpost results. Another interesting
finding is that respondents with direct experienéeH2 buses did not seem more
favourable or more willing to pay than those withdirect experience, in all cities. In
particular, in Luxembourg respondents interviewadoard the H2 bus appear to be
less likely to unconditionally support the largedecintroduction of H2 buses and
more likely to say that their support is conditibt@ the outcome of the bus trial.
Differences in the WTP through the two proposedpayt mechanisms also emerged
across cities: in Luxembourg and Berlin, for ins@nrespondents’ WTP extra taxes
is significantly lower than in the other cities, evkas their WTP extra bus fare is not
significantly different.
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In summary, the study concludes that the publicsdoet seem to be particularly
concerned about hydrogen, thus confirming findifgsm previous empirical
investigations on public attitudes towards hydrodemor knowledge seems to have a
significant influence on acceptability, but thisnche a consequence of the largely
positive information that is publicly available ¢drydrogen. Although the public is
generally willing to pay for the large-scale intumtion of H2 buses, preferred
mechanisms of payment are different across cosntAeceptability and WTP are
driven by distinctive factors across cities. Enmireental concern appears to be one
important driver in all cities except Luxembourg.

In another study carried out prior to the introdmctof prototype hydrogen buses in
Amsterdam (Van den Bosch, 2003), a very small sanm@R people) of bus
passengers was interviewed. Respondents placedt gngortance on the
environmental impact, smell and noise level of @nional buses and expected that
hydrogen buses would make improvements in thosssafafety was not thought to
be a problem by most respondents, suggesting thaple were confident that
hydrogen buses would be at least as safe as coovanbuses.

An EPSRC-funded study addressing the developmenta ohydrogen energy
infrastructure in London investigated public acedyity of hydrogen storage, with
the aid of a written questionnaire distributed t463households near existing
refuelling station in Greater London (O’Garra, 2@ O’Garreet al., 2005b). Initial
feelings about the hypothetical storage of hydrogiethe local petrol station were of
a more cautious nature compared with those expiekseH2 buses, with more
respondents demanding for more information to ble &b give an answer. When
given more information, the share of respondent® wiould not be concerned
roughly equals that of respondents who would beeored and that of the undecided.

Another study conducted by the Imperial College emimissioned by BP (discussed
by O’'Garraet al., 2005b) comprises a longitudinal investigatiorpaoblic acceptance
of H2 refuelling stations in 3 London boroughs (Btey, Havering and Redbridge).
The study commenced in 2004 and it will addresst&fifseholds through a telephone
survey, every 6 months over 3 years.

From these 2 studies supportive attitudes towar@idddilities in London are most
likely amongst younger males with prior knowleddédnpdrogen. Opposition is likely
to come from older people who distrust regulatigrepple who have already taken
individual actions to influence planning and fromople with scarce environmental
sensibility. Among opponents, awareness and knayeleof hydrogen are low but
they are no more likely to associate hydrogen wiggative assessments (such as
explosions, bomb and the Hindenburg accident). Mggtonents also claim to be
very motivated and willing to proactively opposedbH2 storage.

By assessing the findings from the London studiedH@ buses and infrastructure,
risk does not emerge as a serious issue in relatoeptability of H2 buses, but it
could be a sensitive issue in relation to H2 steragd refuelling facilities. Opposition,
it argued, is driven by many different factors ainid suggested that the provision of
more information on hydrogen could significantlyaolge public attitudes for the
better.

An empirical study has been conducted in Wales ((@h®net al., 2005) as part of a
programme of activities having the goal of buildiagegional sustainable economy
through the use of hydrogen energy. The fieldwasksisted of a series of focus
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groups with members of the public living in Soutlas Wales, an area where
hydrogen demonstration projects are being planfiégee main objective of the
research was to understand public perception acepéability of hydrogen as a fuel.
Participants were found to be generally supportifescience and trustful of the
regulation of science. They also appeared to beeawha looming energy crisis,
although they were not sure about the timescaleshiad. Participants were not
aware of hydrogen projects in Wales, neither wéey tinformed about hydrogen
buses already running in some cities around thddworcluding London. Different
views on safety emerged. Some people felt thaspamation technologies would be
thoroughly tested before being put on the markdtereas others expressed more
concerns about the fact that hydrogen is class#ged “highly flammable” substance.
Some people were concerned about accidental releasénydrogen and other
unexpected consequences of water emission fromctlid. Cost was the principal
factor people would consider if they were to cholmggrogen technologies personally.
This was true also for participants who were paléidy concerned about the
environment. People identified government finansigbport measures as a means to
facilitate the uptake of hydrogen, but feared teoreases as hydrogen adoption would
be left to market forces alone. People did not wle a prospective increased fare for
hydrogen buses. When faced with the prospect ofassive move to hydrogen in
Wales, participants expressed general supportiasawould create jobs and put the
region on a more visible level. In summary, thedgtshowed that men (and not
women as in other studies) were more sceptical tabgdrogen. The two main
concerns were safety (both of hydrogen use andadygtion) and cost, which in
particular seemed to override environmental comattEns. Biological and renewable
energy sources were identified as the most desigitions for hydrogen production.

Hydrogen energy developments are currently undeggon the Shetland island of
Unst, where a renewable energy scheme uses windrpmmwsupply storage heaters
and to produce hydrogen from water electrolysise T¢theme, called PURE
(Promoting Unst’'s Renewable Energy), is aimed atisg the local population, thus
representing the first community-owned hydrogendpotion facility in Europe. An
EPSRC-funded project within the Supergen Progranmsni@vestigating the social
representations of hydrogen in Unst and the roky tplay in the context of
community-owned renewable energy (Sherry-Brendaal., 2005). The on-going
study, based on the “social representations thesggeks to understand how people in
Unst make sense of an unfamiliar technical issueh sais using hydrogen for
electricity storage. Selected samples of local faimn and stakeholders are being
interviewed about what they feel about hydrogenetments in their area,
including aspects of perceived risks and beneflise picture emerging from
preliminary results is one characterised by a gdrack of knowledge but positive
assessment of the scheme, which is seen as a weypadving employment and
economic prospects of the island.

Discussion

Very few studies have been conducted so far onipylerceptions of and attitudes
towards hydrogen. Of those, only a few have bedslighed. Research on public
attitudes to hydrogen has been conducted mostlyugfir questionnaire surveys,
targeting different countries and sections of tlublic, by employing a variety of
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market research methods, including contingent vaioa Largely inspired by a
‘consumer behaviour’ perspective, most studies haderessed only specific
applications in the transportation sector. Reseadthiessing perceptions of hydrogen
infrastructure and refuelling facilities has jusiglon and more investigation should be
done to cover relevant unexplored areas such asodd production and storage
facilities, and stationary and portable applicagion

Given the scarcity of background information on Imoelblogies and sample
characteristics in some of the reviewed studiesioiild be misleading to generalise
their findings and attempt to make conclusive ré&siatWhat clearly emerges,
however, is that despite a widespread low levegluiflic awareness and knowledge of
hydrogen and its associated technologies, the @uappears to support the
introduction of hydrogen as a transportation fuel.

Less conclusive evidence concerns the determiradrggpportive attitudes. In some
cases, knowledge has been found to be positivatgelated with support, although

there are no indications about the depth of thiswkedge (simple awareness or
articulated knowledge). It must also be noted phadic beliefs about hydrogen might
have been largely influenced by the positive imggetrayed by the media.

Environmental beliefs and attitudes have no cleapaict on attitudes towards
hydrogen or the willingness to pay for the introdiue of hydrogen technologies.

Moreover, the only longitudinal study available Isa®wn that direct experience may
not increase unconditional support.

Spontaneous associations with the word ‘hydrogeeaytral in most cases, seem to
offer little insight into actual attitudes and agtance. Questionnaires, despite their
ability to provide statistically significant datiajl to understand the complex nature of
public perceptions and understandings of unfamtkahnologies such as hydrogen.
Although safety does not appear to be prominent ngmpublic responses, the
qualitative research carried out in Wales indicdteat concerns about safety are an
important component of public perception of hydmgeas well as broader
considerations about costs and the energy scenario.

It is important to acknowledge the motivations Inehall those studies. Some have
been conducted to provide a useful analysis of @t pesponse from the general
public for agendas and policies on which decisioage already been made, such as
hydrogen demonstration projects in the transpomasiector. The focus, scope and
depth of each study are in fact largely determimgdhe type of agenda within which
the study is performed. If hydrogen is to becomeiraportant part of the future
energy landscape, public engagement should becormaegyral part of energy policy
and hydrogen futures should become themes for dpbate. Moreover, as hydrogen
cannot be viewed in isolation but must be placethercontext of a multiplicity of
energy sources and options, the public should lgaged in discussions about the
whole range of energy possibilities and alternapiaéhs, not just about specific, but
limited, hydrogen applications.

As for the methodological approach and assumptionsjost studies ‘the public’ is
usually referred to as generic consumers, who nuasions and choices on the
basis of ‘information’ they receive. No consideras are made as to what role is
played by the source of such information, the wayshich information is interpreted
and understood, and issues of public trust in médion sources. Especially in the
development and diffusion of new technologies —dhage of hydrogen energy makes
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no exception - the public is considered as the bastier to overcome, once major
technical and economic challenges have been déhlt w

Moreover, the public is generally considered aomdgeneous, uninformed or ill-
informed entity which needs to be educated in otdeappreciate new technologies.
The underpinning rationale is the belief that mofermation dissipates doubts, puts
an end to controversies and encourages rationagideanaking by the individual.
An increasing number of studies have graduallyaeaéd the concept of “the public”
and proposed a new way of addressing and intemgreiublic reactions to new
technologies.

An upstream question relates to the extent to wpidblic self-reported attitudes to

specific imaginary or prototype hydrogen-based tetdgies (such as vehicles) still

hold significance in different practical contexthave other technologies in the

hydrogen system play a more prominent role. Asadlyeexplained, a future hydrogen
economy would necessarily comprise not only cleahictes and smart electronic

devices, but also new production facilities andasfructures for hydrogen storage
and distribution. Public reactions to those potdrtechnological developments have
not been systematically studied to date, althobghetare a few attempts to shed light
on this area (presented by Pearsioal., 2005, ESRC Seminar).

Another question is linked to the temporal validifysuch attitudes. In fact, there is
the possibility of change over time as the hydrogeonomy, whatever that will be,
unfolds. Energy shortages coupled with increased fwices might, in the not so
distant future, have a significant impact of pulpierception of energy issues and
mediate the process whereby people negotiate #ue-ff between benefits, costs
and risks of new energy technologies and theiriiable infrastructures.

The “social constitutions” of hydrogen energy

Scientific discoveries and new technological depaients have encountered various
and contrasting public responses, ranging from usiism to concern or open
opposition. Recent findings from studies on pubfsponses to new technologies
(Grove-Whiteet al. 2000, 1997) consolidate the idea that each teohgoand its
associated products become embedded with a dig@nbbst of values and social
assumptions, which Grove-Whitt al. (2000) term “social constitution”. Different
technologies thus have radically different sociahgtitutions as a consequence of
their specific historical development and of paride social, cultural and symbolic
meanings associated with their consumption in $pcikeccording to these studies,
however, this perspective about technology is widahder-recognised across
industry, government and the media.

By drawing upon empirical evidence concerning publtitudes to GM organisms in
the UK, Grove-Whiteet al. (2000) give important insights on issues relatedhe
development of new technologies in general. Teaygichl advancements and
novelties are framed in substantially different wdyy informed stakeholders or
experts and lay publics on the other side. Techrdaod economic assessments of
benefits, costs and risks associated with new tdoyres often fail to address wider
concerns emerging in public debates. Among thaseicplarly relevant are concerns
over the motivations underlying the developmentnefv technologies, the actors
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controlling the content and direction of technotadichange, and their roles and
liability in case of unexpected consequences onank effects.

Although not every new technology may give rissuch concerns (the mobile phone
is a classic example), it is nevertheless importar@cknowledge the broader context
in which technological development takes places #rel different socio-cultural
meanings associated with it.

Three important considerations developed by Grovet&Vet al. (2000) are
particularly significant here. Firstly, informatiombout new technologies, and
products or services based upon them, tend to bepositive nature, while occluding
indeterminacies, unknowns or uncertainties. Segondpeople are often
conceptualised generically as “consumers”, whosbtyalo make rational choices
about new services and products predominantly dipepon the information they
receive. Thirdly, trust in information providerscathose who have control over new
technologies is seldom accounted for as a key m@tant of people’s attitudes.

Findings from their work suggest that, in some sageople may actually become
more reluctant to support new technologies afteeieng more information; areas of
unclear or contested knowledge, which are deliegraiccluded to the public, may
increase public unease with new technologies; hatlttust in the actors involved in
technological developments may be as importanaetsidl evidence in shaping public
reactions.

Taking these insights together, it appears thatipubsponses to a large-scale move
to hydrogen may vary significantly according to wWwispecific hydrogen-related

technology is considered. Attitudes towards the stoiction of new hydrogen

production facilities, the siting of new fuellingations or the introduction of

hydrogen-powered public buses in highly congestiggsamay turn out to be radically

different. The social constitutions of those tedbgees are in fact profoundly

different, as are the risks that might be perceinaglation to each development.

Some commentators have introduced the conceptsf Signature” (Pettst al., 2003)
in trying to explain the different public responsedlistinctive technologies that raise
risk issues. Each technology or technological dgwekent may be perceived as
“risky” in different ways, according to the specifnature of the risk, the group that
could be potentially affected, and to whom contaiot responsibility are assigned.
The benefits that people gain, or perceive to gaim using certain technologies are
an additional factor which can outweigh or atteaysgrceived risks.

Attitudes towards hydrogen as a fuel for transpiana for example, may coexist with
attitudes towards a particular type of infrastruetthat needs to be developed to
sustain a hydrogen energy system.

Particularly important in this context is the issafhydrogen production. If hydrogen
is to become a mainstream energy vector, it widchéo be produced in far higher
amounts than today. According to Macdonald (20@4g current US hydrogen
production of 9 billion tons per year should bergased around 200 times to meet the
entire annual energy demand of the country. Newlywrton facilities will need to be
developed. Choices will need to be made in relatiotine primary energy to be used
to produce hydrogen. Renewable sources attractintgyest as long-term sustainable
options and many public and private sector comntergasuggest that it will not be
difficult to take the public onboard. However, cepts like “sustainability” and
“renewable” cannot simply be determined by scienti#ppraisals and are open to
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scrutiny on political, social and moral grounds.ciar power is sometimes referred
to as a potential renewable and sustainable sadiregdrogen. However this view is
far from being widely shared. Wind power is anoteeample of “benign technology”
facing in some cases public opposition. This suiggdisat “friendliness to the
environment” is a disputable (and actually disputeancept and other interrelated
factors should be accounted for when trying to wstded public reaction to new
technologies. The specific local context in whiclgi@en’ project is planned, and the
ways in which decisions are made about its impleatem, do matter in
understanding public reactions.

The case of the BP planning proposal rejectiorafbydrogen refuelling station to be
built in Hornchurch, London (discussed in MumfoD05), warns us that good
intentions towards the environment are not sufficie ensure unconditional support
by the local public. Past controversies and inca@&nhension around an existing BP
petrol station had in fact largely contributed teating negative expectations on the
public part, with consequent opposition. The lesw@t can be learnt from this and
other similar experiences is that public positieaations to having public transport
running on hydrogen might go hand in hand with pulblpposition to a specific
hydrogen project contrasting with local communitie=eds and concerns.
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