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ABSTRACT
Hydrogen fuel cells power a range of vehicles including cars, buses, trucks, forklifts and even trains. As
fuel cell electric vehicles emit no carbon emissions and only produce water vapor as a by-product, they
present an attractive option for countries who are experiencing high pollution from transport. This paper
presents the findings of ten focus groups and a subset of a national survey which focused specifically
on use of hydrogen in the transport sector (N=948). When discussing hydrogen transport options,
Australian focus group participants felt that rolling out hydrogen fuel cell buses as a first step for fuel
cell electric vehicle deployment would be a good way to increase familiarity with the technology.
Deploying hydrogen public transport vehicles before personal vehicles was thought to be a positive way
to demonstrate the safe use of hydrogen and build confidence in the technology. At the same time, it
was felt it would allow any issues to be ironed out before the roll out of large-scale infrastructure on a
to support domestic use. Long haul trucks were also perceived to be a good idea however, safety issues
were raised in the focus groups when discussing these vehicles. Survey respondents also expressed
positive support for the use of hydrogen fuel cell buses and long-haul trucks. They reported being happy
to be a passenger in a fuel cell bus. Safety and environmental benefits remained paramount with cost
considerations being the third most important issue. Respondents supportive of hydrogen technologies
were most likely to report purchasing a hydrogen vehicle over other options.
1.0 INTRODUCTION
There are a number of barriers and opportunities identified for an emerging hydrogen economy with
public understanding and acceptance being critical to this, particularly in relation to hydrogen transport.
To date there has been limited research examining the public’s attitude and likely acceptance of an
emerging hydrogen transport economy, particularly in Australia. A web of science literature search
revealed 49 articles directly related to public perception and/or acceptance of hydrogen technologies
since 1998. Of these, 26 were focused on hydrogen use in the transport sector, and only one included an
Australian trial [1]. In contrast, journal articles related to hydrogen and safety numbered in the thousands
(N=3754).
According to the international literature, associations with hydrogen were mostly neutral [2, 3].
Knowledge was often found to influence acceptance [1, 3, 4, 5, 6, 7], and support was contingent on
environmental attitudes [3, 4, 8]. Males were often found to be more accepting than females [3, 9, 10].
Lack of convenient refueling was identified as a barrier [11, 12, 13]. Performance, range, and refueling
time were key considerations [12, 14, 15], and competition with battery electric vehicles was also
perceived as likely to be another barrier [13, 16]. The source of hydrogen was important, particularly in
Germany [2]. Trust was critical [2, 17, 18, 19, 20] and willingness to pay for the use of hydrogen vehicles
varied [4, 21, 22].
2.0 METHODOLOGY
Our study aimed to investigate the Australian public’s perception of hydrogen energy, including
transport, through a series of focus groups and a national survey. Ten focus groups of two and a half
hours in length were held in June, 2018. Focus groups were undertaken in Adelaide (3) and Whyalla (2)
in South Australia, and Melbourne (3) and Traralgon (2) in Victoria. Participants were guided through
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a discussion around the emergent opportunities for hydrogen using of a series of short videos [23, 24,
25] and an information sheet from Hydrogen Mobility Australia [26]. In total, 92 participants (55 female;
37 male) of mixed ages (range 20 to 76 years; mean=44) and employment status attended.
To investigate the qualitative findings of the focus groups in more detail, a national online survey was
conducted during October 2018 (N=2785). One third of respondents completed questions related to
transport (N=948) and these results are detailed below.
3.0 RESULTS
3.1 Knowledge
Initial knowledge of hydrogen as an energy carrier was generally low. Focus group participants were
surprised at the number and variety of applications for hydrogen energy. Almost 60% had heard of fuel
cell vehicles or could describe it to a friend, but a similar percentage had not heard of hydrogen refueling
stations (Fig. 1). Participants were also asked a series of questions to objectively test their knowledge
with 44% of the transport tranche answering 3 or more of the 5 questions correctly. The mean score was
2.24 out of 5 (45%).
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Figure 1. Self-rated knowledge about hydrogen for transport applications
3.2 Private Vehicles
Survey respondents were generally supportive of hydrogen fuel cell vehicles, with 61% stating they
would be happy to buy a hydrogen fuel cell vehicle if the cost was the same as their current vehicle.
Support was even stronger for early adopters of technology, t people living in metropolitan areas, those
aged under 35 or with a degree.
3.2.1 Safety
Safety was the number one priority for those surveyed (Fig. 2), with over 80% considering it very or
extremely important when determining whether or not to purchase a fuel cell vehicle. During focus
groups discussions, immediate questions arose around safety for transport, particularly related to
accidents and collisions: “Bottom line, if you are in a catastrophic accident in a car, that’s [hydrogen]
as opposed to [petrol], what’s your survivability?” [FG1 Adelaide]. Concerns included leaks, ruptures,
fires, and explosions. It was important to know that hydrogen was no more or less safe than conventional
fuels, and that extensive safety testing was conducted (e.g. bullet tests). Comparisons with conventional
fuel flammability was usually also raised: “…petrol’s flammable, gas is flammable, we use that every
day.”[FG2 Adelaide].
Several focus groups mentioned that people often have a fear of the unknown, and don’t like change,
but this tends to diminish with familiarity. The demonstrated uptake in other countries, as shown in the
Hydrogen Mobility handout [26], was reassuring for most focus group participants: “I look at this map
and I see Japan, Germany, US and all those leading nations are obviously taking the lead and going for
it and adopting the method, so I don’t see why we wouldn’t do it.” [FG3 Adelaide].
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While safety is the number one concern, if a hydrogen economy was to be developed in Australia, 77%
of survey respondents trust that there will be adequate safety precautions to keep the risks under control.
Similarly, in the literature, a UK study [20] found that “The dominant presumption was that hydrogen
energy technologies will have been thoroughly tested and systems ‘engineered’ before their widespread
introduction”.
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Figure 2. Relative importance of factors determining purchase of a fuel cell vehicle
(1 = Not at all important, 5 = Extremely important; [mean])
3.2.2 Refueling
Convenience of refueling infrastructure was considered to be very or extremely important to 72% of
survey respondents, second only to safety (Fig. 2). “It’s got to be convenient and easy as well…even if
some things are on parity as far as cost and everything, if it’s not an easy process then people don’t
always want to take it up.” [FG8 Melbourne]. This reflects concerns discovered in the literature. A lack
of refueling infrastructure and cost were identified in a UK study [13] as barriers to adoption of fuel cell
vehicles. In a Spanish paper [12], forty three percent (43%) were accepting of local hydrogen refueling
stations, with a further 54% supportive if they were located away from residential areas. Fifteen percent
(15%) said they would not purchase a hydrogen fuel cell vehicle until better infrastructure was available,
while 63% would await mass market penetration. Another Spanish study [11] found that refueling
stations close to home (less than 10 minutes away) and the number of stations available (10 to 20% of
conventional stations) were very important considerations in the decision to switch to alternative fuels.
Support for refueling stations in the national survey was strong (Fig. 3), as 72% of survey respondents
would not mind if a local petrol station introduced hydrogen refueling bowsers. Two-thirds support the
construction of nationwide hydrogen refueling stations in Australia. 57% would support a hydrogen
refueling station being built near them.
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Figure 3. Support for refuelling stations and national infrastructure
(1 = Strongly disagree, 5 = Strongly agree; [mean])
Believers in global warming and those subscribing to GreenPower were more supportive of a local petrol
station introducing hydrogen refueling bowsers than the general sample. As were younger people, males
and those with a higher education. These groups were also more supportive of construction of
nationwide hydrogen refueling stations in Australia. Conversely, climate change deniers, all electric
households and older people were the least supportive of refueling station being built nearby (as well as
those on lower incomes, with lower education, or not working) and any expansion of hydrogen
infrastructure.
Focus group participants made comparisons to LPG vehicles for refueling. They asked about timeframes
for rolling out hydrogen refueling infrastructure and whether they could be installed at existing fuel
stations. Some people were interested to know how hydrogen was stored at refueling stations and
thought that reduced potential for environmental damage from spills or leaks compared to petrol was a
benefit. The extent and cost of building an infrastructure network in Australia was considered to be
much larger compared to other smaller countries implementing either electric vehicle infrastructure (e.g.
Scandinavia) or hydrogen refueling stations (e.g. Japan): “Scandinavian countries that are doing it,
they’re only small countries. Australia is huge.” [FG9 Traralgon]
A Norwegian study [3] found that those living within 1km of a hydrogen refueling station were more
supportive than the general sample. The project had received positive media attention as a regional
success story at the scientific and environmental forefront, which was believed to have encouraged local
ownership of the project and elicited high levels of support. Refueling demonstrations can also increase
knowledge and acceptance of hydrogen fuels [28]. Vehicle range between refueling was considered the
third most important factor when considering whether to purchase a fuel cell vehicle (Fig. 2). “…the
longer travel range, that’s very appealing.” [FG2 Adelaide]
3.2.3 Emissions
With the only tail pipe emissions being water, the elimination of greenhouse gases and reduced air
pollution were definite benefits, and were ranked fourth and sixth in terms of importance (Fig. 2).“It
would be obviously better than some of our other sources, as an energy source, if it’s only putting out
water vapor.” [FG9 Traralgon]
The HyTrust project in Germany [2] found safety and risk were less of a concern for public acceptance
than “green” production. Of the 79% support for the introduction of hydrogen vehicles, 66% was
contingent on the hydrogen being “green” and coming from renewable or carbon neutral sources. Global
climate protection was the top reason for supporting hydrogen vehicles (85%), followed by lack of
exhaust fumes - protecting health (81%). In contrast, during a UK focus group study, demonstrable
benefits for the individual such as cost and practicality were of primary concern, whereas environmental
benefits were less important [20]. The UK participants wanted “much more detailed information about
the likely benefits, costs and risks of such technologies”.
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3.2.4 Cost and Incentives
Cost was also very or extremely important to around 70% of the Australian public (Fig. 2). “It’s a lovely
pipe dream but they need to make it affordable” [FG7 Melbourne]. People wanted to know how much
it would cost to refill relative to conventional fuels, and whether it would help reduce reliance on fossil
fuel reserves and potentially lead to more stable fuel prices. “I think it sounds like a good thing. I think
the problem will be, especially with vehicles, the price of vehicle, cost of actually purchasing at the
pump. People look at cost at the end of the day.” [FG1 Adelaide]
The cost to purchase a hydrogen vehicle compared to an internal combustion engine or battery electric
vehicle was discussed at length during the focus groups: “Most people can’t even afford electric cars
yet.” [FG1 Adelaide]. There was recognition of economies of scale and that prices will be high in the
early stages, and that incentives may help to make them more affordable: “There would have to be sort
of a government incentive and initiative to sort of upgrade your car, like a trade-in.” [FG10 Traralgon]
Survey participants were asked to rank which government incentives would likely motivate them to
purchase a hydrogen fuel cell vehicle. Lower fuel costs were clearly the most popular incentive, ranked
at number 1 by 58% of respondents, followed by lower registration costs (Fig. 4). Tax exemption and
road toll exemptions ranked in the middle, while convenience factors, such as free parking in the city
and access to priority or bus lanes, were the least important. Fuel and registration costs were even more
important to older people and those in the regions, while younger people considered free parking in the
city more important than the general population.
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Figure 4. Ranking of government incentives to motivate purchase of fuel cell vehicle
(1 = Most important, 6 = Not important at all; [mean])
3.2.5 Performance
Performance of the vehicle (torque, efficiency, power) was important to some (Fig. 2). Some preferred
internal combustion engines, and queried whether hydrogen fueled internal combustion engines were an
option. Others wondered whether hydrogen could be used as a dual fuel or in a hybrid vehicle, or whether
vehicles could be modified to use hydrogen instead, similar to LPG conversions.
The HyTrust project in Germany [2] found that associations with “hydrogen cars” were mainly positive
and that negative associations were unrelated to risk, but were instead related to car performance (speed,
power) and cost. Kang and Park [15] found that in Korea, performance, purchasing cost and running
cost of fuel cell vehicles were significant factors, along with psychological motivation, that influence
purchase intentions. They suggest that without addressing vehicle performance, the government
program “low carbon, green growth” would not be effective at stimulating customers to purchase
5

hydrogen vehicles. Past studies have reported that there is a positive feedback effect from personal
experience with trialing or driving a hydrogen vehicle [29].
While low noise was generally seen as a positive, some considered a silent engine to be an issue for
pedestrians, particularly children. A study in the UK found similar results, where focus group
participants saw this as a risk, particularly for blind people, pedestrians and cyclists, as well as children
[14]. They even proposed “engineering some sort of noise into the vehicle for safety”.
Aesthetics was considered the least important feature, although younger people and early adopters
ranked looks slightly higher than the general population. Women rated the importance of safety features,
greenhouse gas emissions and performance higher than men. Those living in regional areas felt that
convenience of refueling, vehicle range, reduced air pollution, greenhouse gas emissions and vehicle
performance were more important than people in cities. This was also true for those aged over 55, as
well as a higher concern for safety.
3.2.6 Vehicle Preference
Competition with battery electric vehicles has been identified as one challenge facing fuel cell vehicles
[13, 16]. A UK study reported results from fuel cell vehicle trials at a Low Carbon Vehicle event, which
found that the vehicles were considered superior to battery electric vehicles for range and refueling time,
however were similar to battery electric vehicles in performance, fuel economy, environmental impacts,
image/looks and brand, and inferior for purchase price and running costs [13]. A Finnish study
investigating the public acceptance of biofuels found that 60% of respondents thought the ideal fuel for
their car would be electricity [30]. Twenty per cent (20%) nominated hydrogen and the remaining 20%
supported hybrid vehicles. In contrast, Norwegians were more supportive of hydrogen, with 35% of
respondents selecting hydrogen as the most environmentally friendly vehicle for them, with electric
vehicles second at 21% [28].
During the focus groups, comparisons between hydrogen fuel cell vehicles and battery electric vehicles
included cost, range, refueling, embodied energy, and lifespan: “Certainly the charge time or fill up time
sounds much better. It’s not as though you can pull into a service station and charge up [a battery], not
in three minutes.” [FG1 Adelaide]. A couple of people noted that battery electric vehicles were not
necessarily clean, particularly while electricity for recharging was still predominantly coal-fired. A few
people queried whether hydrogen vehicles would overtake battery electric vehicles.
Embodied energy and resource use were raised a number of times during the focus groups, with
comparisons made to battery electric vehicle and solar panel production: It gets down to how much it is
going to cost the environment to manufacture all these, battery cars are just off the scale on what it
actually costs to manufacture, with the pollution and the resources it takes. Sounds like hydrogen would
be better.” [FG1 Adelaide]
Survey participants were asked how likely they would be to purchase different types of car if the price,
features, design, brand etc. were the same. Hydrogen fuel cell vehicle was the vehicle of preference for
those in the survey (Fig. 5). While there is likely to be some response bias in their answers, given the
survey focused on hydrogen, the results reflect the focus group discussions with many individuals happy
to transition for improved environmental outcomes. As one person from Adelaide expressed, “If it was
proved that you are not disadvantaged in any way, in terms of the power of the car, the longevity, the
cost, all those sorts of things, then why wouldn’t you do it I suppose?” [FG1 Adelaide]
Conventional vehicles were the next most common preference, followed by hybrid vehicles and battery
electric vehicles. Fully autonomous vehicles were the least preferred. Early adopters of technology,
younger people, those with higher education, or working were more likely to buy alternative types of
vehicles. Climate change sceptics and older people were less likely to buy non-conventional vehicles.
Those who were not working or on a low income were less likely to purchase any vehicle.
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When asked to explain the reason for their vehicle preferences during the survey, the hydrogen fuel cell
vehicle was considered the most environmentally friendly option, and was the most preferred provided
it was also affordable and thoroughly tested to be safe. Conventional vehicles are familiar and considered
to be proven technology, with cost, convenience, safety and reliability other reasons for this choice.
Hybrid vehicles were considered to be environmentally friendly, affordable, safe and proven. Battery
electric vehicles were preferred for environmental reasons, cost and safety. Those in favour of
autonomous vehicles see it as the way of the future, with low cost and environmental impacts coupled
with improved safety and efficiency. It is also the vehicle of preference for those who cannot or do not
like to drive. Others did not trust autonomous vehicles, and preferred to retain driving control.
3.3 Buses and long-haul trucks
Rolling out hydrogen fuel cell buses or trucks as a first step was thought to be a good way to demonstrate
the use of, and increase familiarity with, the technology, and iron out any teething issues before rolling
out on a large scale, provided it was safe: “I think it is a good idea for public transport to start with
hydrogen before even the public do. That is probably a good transition” [FG2 Adelaide]. 71% of those
surveyed support the introduction of hydrogen fuel cell buses and 70% would be happy to be a passenger
on a fuel cell bus (Fig. 6). “I feel trucks and probably public transport is a starting point and then once
that seems to be working individuals would be more likely to take it up after that” [FG8 Melbourne]
Those who used public transport daily were more supportive of hydrogen fuel cell buses but the
difference was not statistically significant. Focus group participants thought it would be cleaner than
current public transport options.
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Figure 6. Support for fuel cell buses and long-haul trucks
(1 = Strongly disagree, 5 = Strongly agree; [mean])
The AcceptH2 study, conducted across four different cities (Berlin, London, Luxembourg and Perth),
found over 90% acceptance towards fuel cell bus trials [4]. In all cities it was found that initially 56%
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of participants had heard of hydrogen vehicles, with Berlin residents being the most informed (72%)
[1]. Surveys conducted after the AcceptH2 trials found average support for the introduction of hydrogen
powered vehicles rose from 46% to 67%.
While long haul trucks were considered in general to be a good idea (67% support in Fig. 6), safety
issues were raised during the focus groups: “If two trucks collide, what's going to happen?” [FG5
Whyalla]. There was some distrust in trucking companies. Whilst one person thought it might raise the
cost of goods due to the vehicle transition costs, others thought fuel prices might be more stable
compared with fluctuations in oil and petrol prices driven by the finite nature of fossil fuel reserves. “It
has the potential, like whenever supermarkets put their prices up on things it’s because of the transport
costs, or so they claim, so if you can have cheaper transport, then it might keep those food prices and
other prices [down]” [FG1 Adelaide]
Those who completed the national survey were asked how important different factors were for the
introduction of fuel cell buses (Fig. 7). Once again, safety was considered to be the top priority if
hydrogen fuel cell buses were introduced, although the importance of safety was lower for younger
people, early adopters and males. Environmental benefits and cost were also of high importance.
Environmental benefits were of greater importance to those who subscribe to GreenPower, those who
believe in climate change and women. Females and older people thought a cost/benefit comparison with
battery electric buses was more important than the general population. Cost to passengers was more
important to women and those with higher levels of education, early adopters and those with a job.
Reliability, Australia being a technology leader and local council costs were considered less important
factors for the introduction of hydrogen buses. Disruption to services was more important to those who
suffer frequent power supply disturbances, early adopters of technology and females. Early adopters
thought Australia being a technology leader was important, as did those with green power, older people
and males. Cost to local council was more important to early adopters.
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Figure 7. Importance of factors determining support for the introduction of hydrogen fuel cell buses
(1 = Not at all important, 5 = Extremely important; [mean])
3.4 Travel Behavior and Willingness to Pay
3.4.1 Travel behavior
Survey respondents were asked how often they use different modes of transport (Fig. 8). Driving was
the most commonly used mode of transport, with 45.4% driving their own car daily. Those living in
regional areas drove more frequently. Younger people drove less and used all other modes of transport
more. People born overseas were even less likely to drive their own car, and more likely to use public
transport.
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Walking was common regardless of age, with 40% walking daily and another 28% two or three times
per week. Only 14% used public transport daily. Metropolitan use of public transport, uber/taxi, walking
and car sharing was higher than in the regions. Older people used public transport, bicycle, uber/taxi,
car sharing and car-pooling less than those aged under 55. Males cycled and walked more often than
females and were also more likely to rent a car. Those who subscribed to GreenPower cycled more often
and used car rentals and car-pooling more. Those with a higher education used all modes of transport
except driving more than the general population. Uber/taxi was more popular for occasional use than
renting a car, car-pooling or car sharing. Car sharing was the least popular mode of transport with 79%
of respondents never using this mode.
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Figure 8. How often people use different modes of transport
3.4.2 Willingness to pay
The AcceptH2 study [1] found that willingness to pay (WTP) for hydrogen fuel cell bus technology to
gain environmental benefits (air pollution reduction) was positive with similar values at four different
locations (€0.29 – €0.35/fare). The determinants of WTP varied in different locations. Income was
significant in London and Berlin only. Environmental attitudes were found to be important in London
and Perth, while in Berlin and Luxembourg, environmental behavior was more significant. Older
European residents were willing to pay less.
In Korea, air pollution from diesel exhaust is a growing problem and the results from 1000 interviews
found that Korean households were willing to pay additional income tax to expand hydrogen stations
[21]. Similarly, Bigerna and Polinori [22] found that residents of Perugia, Italy, where air pollution has
damaged historic buildings, were willing to pay extra for the introduction of hydrogen buses.
While some focus group participants were willing to pay for environmental benefit, most seemed to
think cost would be more important to the general population. “I would be happy to pay extra initially
but…not everyone makes that amount of money to be able to spend that much money on a car.” [FG8
Melbourne] There was a perception amongst the younger groups that there may be generational
differences in willingness to pay for environmental benefit, with older people less likely to pay more for
or take up new technologies. Cultural and geographic differences were also mentioned.
The national survey confirmed this, with less than half the respondents (37%) willing to pay more for
the use of hydrogen technologies even if there were clear environmental benefits. The overall survey
found that willingness to pay was influenced by age, attitude towards new technology, education, power
reliability, climate change beliefs, income, and gender [27].
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The relationship between willingness to pay and transport mode choice was also investigated (Fig. 9).
Frequency of car use is highest for those only willing to pay for hydrogen if costs are comparable to
conventional technologies. Those who are willing pay a lot more if there are clear environmental benefits
drive the least. Those who are willing to pay a little or a lot more walk the most frequently. For the
remaining modes of transport, there is a clear relationship between the amount people are willing to pay
for environmental benefits and how often they use alternative forms of transport to the car. The less
people are willing to pay, the less frequently they use alternative forms of transport.
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Figure 9. Transport mode choice is related to willingness to pay for environmental benefits
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3.6 Overall support for hydrogen

If price, features, design, brand etc.
were the same, how likely are you to
purchase the following vehicle?

Early in the survey, respondents were asked how they felt about hydrogen as a possible solution for
energy and environmental challenges. Support for hydrogen as a technology and vehicle preference
appear to be related (Fig. 10). Those who are unsupportive of hydrogen technologies strongly prefer
conventional petrol and diesel vehicles, and those who are very unsupportive are very unlikely to
purchase anything else. Those who were unsure about hydrogen as a solution at the start of the survey
were more likely to buy a conventional vehicle over a hydrogen fuel cell, but also more likely to buy a
hydrogen or hybrid vehicle over a battery electric vehicle. Those supportive of hydrogen technology as
a solution are most likely to purchase a hydrogen vehicle over other options.
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Figure 10. Level of support for hydrogen impacts vehicle preference
(1 = Very unlikely, 5 = Very likely)
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4.0 CONCLUSION
The Australian public was generally supportive of hydrogen for transport applications. Public transport
and long-haul hydrogen vehicles could help build confidence in the early stages, and once costs are
comparable, fuel cell cars would be preferred over other vehicle types. Safety is of utmost importance,
and convenient refueling is paramount. In the words of one focus group participant: “It certainly shows
all the hallmarks of something that is worthwhile investigating and investing in, as long as the
groundwork is put in to implement it across the board evenly and fairly, and safely, it’s definitely worth
looking at.” [FG10 Traralgon]
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