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1. INTRODUCTION

ustainable transport faces significant challenges in reducing environmental impacts and

dependency on fossil fuels. Key issues include reducing CO2 emissions (Luczyszyn, 2024),
addressing infrastructure constraints, and managing the costs associated with introducing clean
energy sources. The sector promotes clean energy, public transport, and non-motorized mobil-
ity (Setiyo, 2023). Innovations in public transport, electric vehicles, and alternative fuels offer
promising solutions, but this requires overcoming infrastructure, cost, and behavioral barriers.
Technological advances and government incentives are key to progress (Etukudoh et al., 2024).
The concept of sustainability is vital to the design and evaluation of transport systems that are
currently unsustainable from an economic, social, and environmental perspective (Glover & Low,
2020). Key concerns include transport emissions contributing to climate change, health impacts,
road trauma, and oil dependency (Glover & Low, 2020).

One of the major challenges in achieving sustainability in transportation lies in identifying and
implementing alternative technologies that can mitigate these adverse effects while ensuring
efficiency and feasibility. Hydrogen-powered vehicles are emerging as a promising solution for
sustainable transport, as they have the potential to reduce greenhouse gas emissions and air pol-
lution (Argam Mohiuddin & Sahebrao Kadam, 2023). These vehicles, including fuel cell vehicles
(FCVs) and hydrogen internal combustion engine vehicles (HICEVs), boast high energy efficiency
ratios and power-to-weight ratios (Hassan et al., 2023). Hydrogen fuel cells produce only water
vapor as by-products, therefore are environmentally friendly (Kao, 2024). Despite their advan-
tages, challenges such as high manufacturing costs, limited refueling infrastructure, and safety
concerns have hindered their widespread deployment (Hassan et al., 2023). However, continuous
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technological improvements and collaborative efforts are driving innovation forward (Kao, 2024).
Current hydrogen vehicles can travel up to 600 km on a single tank, with future models expected
to reach 1,000 km and refueling taking as little as three minutes (Kedmi, 2021). With continued
research and development, hydrogen vehicles can be crucial in achieving sustainable transport
(Argam Mohiuddin & Sahebrao Kadam, 2023).

Consumer acceptance of alternative fuel vehicles is crucial for their successful introduction. Studies
have shown that awareness and public awareness of hydrogen fuel cell technologies are generally low,
but attitudes are positive. Factors influencing the acceptance of AFVs include perceived benefits,
confidence, and age (Oltra et al., 2017), as well as cost, environmental performance, vehicle range,
and refueling convenience. Although petrol vehicles are still preferred, there is strong interest in
AFVs, with hybrid electric vehicles having a slight advantage (Nixon & Saphores, 2011). The uptake
of AFVs is a complex process involving strong positive feedback from economies of scale, R&D, and
additional resources such as refueling infrastructure (Struben & Sterman, 2008). Research shows
a complex relationship between environmental attitudes and adopting alternative fuel vehicles. In
comparison, some studies suggest that pro-environmental attitudes positively influence the adoption
of hydrogen fuel cell vehicles (Harichandan & Kar, 2023a) and electric vehicles (Malik & Yadav,
2021), while others suggest potential environmental hypocrisy. Squalli (2024) found that in states
with stronger pro-environmental attitudes, the preference for hybrid-electric vehicles decreased,
and economic factors had a more significant influence on the adoption of plug-in hybrid and electric
vehicles. Flamm (2009) observed that households with more pro-environmental attitudes owned fewer
and more fuel-efficient vehicles, drove less and consumed less fuel. However, perceived constraints
often prevent individuals from aligning their vehicle ownership and use with their environmental
knowledge and attitudes (Flamm, 2009). Attitudes towards sustainable mobility, subjective norms,
and perceived behavioral control are key determinants of intention to use sustainable transportation
(Ahn & Park, 2022; Nogueira et al., 2023). However, environmental attitudes alone may not directly
impact sustainable mobility choices (Nogueira et al., 2023). The adoption process is complex, with
different types of information having varying effects at different stages (Goodarzi et al., 2021). Ben-
efits, personal norms, and incentives also strongly predict sustainable technology adoption intention
(Neves et al., 2022). Additionally, practical considerations like the availability of public transport
networks, safe bicycle lanes, and accessible pricing significantly influence sustainable mobility
behavior (Nogueira et al., 2023).

Consumer awareness through experience, word of mouth and marketing plays a crucial role in
the adoption of AFVs (Struben & Sterman, 2008). Understanding consumer beliefs and opinions
is essential for the successful market uptake of AFVs (Wu et al., 2020).

This paper aims to answer the following question.
. RQI: What is the role of innovation openness and environmental attitudes in the adoption
of hydrogen-powered vehicles?

2. METHODOLOGY

The research aims to explore the extent to which consumers’ environmental concern (ENV) and
adoption intention (ADP) how influence their adoption of hydrogen cars and their purchase intentions.
The research was carried out through a questionnaire survey based on a quantitative methodology.
Data was collected using a snowball method, designed to reach as wide a range of respondents as
possible. The survey was carried out in Hungary and 1330 respondents took part. The sample ensured
the representation of different socio-demographic strata, considering gender, age, education, and
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income distribution. The questionnaire used in this research was a closed-ended, five-point Likert
scale questionnaire. The 5-point Likert scale ranged from 1 (completely disagree) to 5 (completely
agree). The mean calculation is typically used for analysis. A value of 3 or below is considered neg-
ative. Values between 3.01-3.49 indicate an ambivalent tendency toward rather disagree, 3.50-4.49
indicate a tendency toward rather agree, and 4.50-5.00 indicate strong agreement.

Table 1. Attitude statements included in the research

Code Attitude statement Source

ADP1 |Ibelieve innovation makes my everyday life easier. Harichandan and Kar (2023a)

ADP2 |Ibelieve using a hydrogen-powered car could make my life easier. Harichandan and Kar (2023a)

ADP3 |Iam interested in using a hydrogen-powered car. Harichandan and Kar (2023a)
I would be willing to pay more for an environmentally friendly hydro-

ADP4 Harichandan and Kar (2023a)
gen-powered car.

ENV1 I believe environmental problems have significantly worsened in Harichandan and Kar (2023b)
recent years.

ENV2 I believe humans must live in harmony with nature to achieve sustain- Harichandan and Kar (2023b)
able development.

ENV3 | We are not doing enough to protect scarce natural resources. Harichandan and Kar (2023b)

ENV4 | Ibelieve environmental protection is the responsibility of individuals. | Harichandan and Kar (2023b)

Source: Own research

Table 1 shows the factors examined in the research. The ADP variables measure interest in tech-
nological innovation and sustainable mobility, while the ENV variables measure attitudes toward
environmental problems and environmental protection.

3. RESULTS AND DISCUSSION

This chapter presents the research results that investigate the relationship between environmen-
tal attitudes (EN'V) and the intention to adopt hydrogen cars (ADP). The results are presented in
several aspects, including descriptive statistical indicators, correlation analyses and comparison
of effect sizes. First, descriptive statistics are presented, providing an overview of respondents’
attitudes toward innovation, their attitudes towards the adoption of hydrogen cars, their environ-
mental concerns, their cost perceptions, and their perception of risk associated with the technology.

ADP1
5
ADP2
®-Mean
=0==Median
ADP3
—&=Mode
®-Std. Deviation
ADP4

Figure 1. Descriptive statistics of mean, median, mode, and standard deviation for adoption
and environmental attitudes

Source: Own research
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Figure 1 shows that respondents are generally open to innovation (ADP1), but less confident that
hydrogen cars can make their lives easier (ADP2). Interest (ADP3) is moderate and financial
commitment (ADP4) is lowest, suggesting a gap between technology adoption and financial
support. In general, respondents show a strong environmental awareness, especially in the areas
of worsening environmental problems (ENV1), harmony between man and nature (ENV2) and
protection of natural resources (ENV3). However, the sense of individual responsibility (ENV4)
is slightly lower, which may indicate that respondents see environmental protection as a systemic
problem rather than a personal responsibility.

In the next step, the results of correlation and impact analyses are presented, which investigate
the strength and nature of the relationship between specific environmental attitudes and adoption
intentions.

Figure 2 shows that the ENV1 variable and each ADP attitude have different strengths of effects.
According to the Phi and Cramér V indicators, the most substantial relationship is observed with
ADP1 (“I believe that innovation makes my daily life easier”). This suggests that those who
strongly perceive the worsening of environmental problems tend to be more open to innovation,
which may facilitate the adoption of new technologies such as hydrogen-powered cars. For the
ADP2, ADP3, and ADP4 variables, the effect size decreases, but a measurable relationship is still
observed. For ADP4 (“I would be willing to pay more for an environmentally friendly hydrogen
car”), however, the correlation is weaker, suggesting that perceptions of environmental problems
are not necessarily associated with direct financial sacrifice. The line graph on the right shows the
values of the Pearson correlation coefficients, which examine the linear relationship between the
ENVI1 variable and the ADP variables. The strongest positive correlation is observed for ADPI,
indicating that those who perceive that environmental problems are worsening are more likely
to support innovation. For ADP2 and ADP3, the correlation is significantly weaker, suggesting
that the relationship between general environmental concern and the adoption of hydrogen cars
is less strong. For ADP4, the correlation increases slightly but does not reach the level of ADPI,
confirming the observation that people’s environmental concerns are not always associated with
their willingness to make financial sacrifices.

Figure 3 shows that the most substantial relationship between ENV2 and ADP variables is observed
for ADP1 (“I think innovation will make my daily life easier”’) and ADP4 (“I would be willing
to pay more for a cleaner hydrogen car’). This suggests that those who believe in the harmony
between man and nature are more likely to support innovation and financial support for sustainable
technologies. The moderate relationship with the variable ADP2 (“I believe that a hydrogen car
could make my life easier”) suggests that people with these views not only support sustainable
technologies in theory, but also consider their practical benefits. In contrast, the relationship is
weaker for ADP3 (“I am interested in using a hydrogen car”), which may suggest that general
sustainability views do not always translate into a specific interest in a particular technology.
The line graph on the right shows the values of the Pearson correlation coefficients. The strongest
positive correlation is observed for ADP1, confirming that people who believe in the need for
natural balance are more open to innovation and the introduction of new technologies. For ADP4,
the relationship is weaker but still measurable, suggesting that people with these views may be
more willing to make financial sacrifices for sustainable technologies. For ADP2, the correlation
is moderate, suggesting that individuals not only support sustainability on a theoretical level, but
also value the benefits of hydrogen cars from a practical perspective. For ADP3, the correlation is
weak, indicating that a belief in the harmony of nature does not necessarily go hand in hand with
a specific interest in hydrogen technology.
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Figure 2. The Relationship Between Environmental Concerns and Adoption Intentions
Source: Own research
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Figure 3. The Relationship Between Human-Nature Harmony and Adoption Intentions
Source: Own research

Figure 4 shows the relationship between ENV3 and ADP variables as follows. ADP1 (“I believe that
innovation will make my daily life easier’’) and ADP4 (“1 would be willing to pay more for a cleaner
hydrogen car”’) show the most substantial relationship. This suggests that people who are dissatisfied
with the level of environmental measures are more likely to support innovation and financing of
sustainable technologies. For ADP2 (“I believe that a hydrogen car could make my life easier””) and
ADP3 (“Tam interested in using a hydrogen car”) the relationship is more moderate, which may sug-
gest that concern for the conservation of natural resources may trigger a direct interest in hydrogen
technology. However, this relationship is less intense than attitudes toward innovation or financial
support. The line graph shows the strongest correlation for ADP1, suggesting that those who think
we are not doing enough to protect the environment are more likely to support innovative solutions.
For ADP4, the correlation is also relatively high, confirming that concern for resource protection can
lead to a willingness to make financial sacrifices. For ADP2 and ADP3, the relationship is weaker
but measurable, suggesting that a commitment to sustainability may help the adoption of hydrogen
vehicles, but is not always associated with a specific interest.

Figure 5 shows the most substantial relationship between ENV4 and ADPI, indicating that those
who emphasize the role of individual responsibility in environmental protection tend to be more
open to innovation. This may indicate a correlation between a sense of individual responsibility
and support for innovation, i.e. those who perceive sustainability as a personal duty are more likely
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to see innovative solutions as a means to address environmental problems. ADP2 (“I believe that a
hydrogen car could make my life easier”’) and ADP4 (“I would be willing to pay more for a green
hydrogen car”) show a more moderate relationship. This may indicate that a sense of individual
responsibility does not in itself automatically imply a willingness to make financial sacrifices, or
that the recognition of the practical benefits of sustainable technologies is not as closely related
to individual environmental responsibility as is a positive attitude towards innovation. ADP3 (“1
am interested in using a hydrogen car”) has the weakest relationship, suggesting that individual
environmental responsibility is not necessarily associated with a specific interest in alternative fuel
technologies. The line graph shows the Pearson correlation coefficient values, with the strongest
correlation for ADP1, confirming that consumers who emphasize individual responsibility are
more open to and supportive of innovation. A relatively strong correlation is also observed for
ADP3, indicating that an emphasis on individual responsibility may promote interest in hydrogen
vehicles. For ADP4, the correlation is relatively weak, suggesting that individual environmental
responsibility is not always associated with a willingness to make financial sacrifices.
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Figure 4. The Relationship Between Resource Conservation Concern and Adoption Intentions
Source: Own research
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Figure 5. The Relationship Between Individual Responsibility for Environmental Protection
and Adoption Intentions

Source: Own research
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4. FUTURE RESEARCH DIRECTIONS

The results show that attitudes towards innovation are key in shaping consumer perceptions of
hydrogen vehicles. Across all the environmental attitudes examined (ENV1-ENV4), the strongest
correlation was observed with the variable ADP1 (“Innovation makes my daily life easier”). This
raises the question of how openness to innovation affects purchase intention and its relationship
with financial sacrifice (ADP4). The issue of what factors might encourage consumers to turn
openness to innovation into a real financial commitment deserves particular attention. It is also
worth exploring whether there are differences between different consumer segments, such as how
age, income level, or previous experience (e.g., electric car use) influence decision-making. It is
worth investigating which types of communication messages work best. Communication high-
lighting the benefits of innovation may be more successful than messages based on environmental
responsibility. Furthermore, the role of social norms and group effects may be interesting. If a
positive attitude towards innovation strongly influences technology adoption, then industry trends
and social acceptance may play a significant role in decision-making. In addition, the exploration
of the mediating factors (e.g. perceived risk, costs, confidence in new technologies) that influence
whether openness to innovation eventually translates into purchase intentions should be highlighted.

5. CONCLUSION

The results of ENV1 suggest that consumers who perceive environmental problems as worsening are
more open to innovation. However, this does not necessarily mean they will make financial sacrifices
to adopt sustainable technologies. The high correlation value of ADP1 suggests that communication
strategies related to innovation may be more effective than emphasizing environmental responsi-
bility in increasing the social acceptance of hydrogen cars. Conversely, the weaker correlation of
ADP4 suggests that invoking environmental concerns when introducing sustainable technologies to
the market is not sufficient, and economic incentives (e.g., government subsidies and rebates) may
also be needed to promote adoption. In the case of ENV2, consumers who believe in the harmony
between nature and human society are more likely to support innovation and technologies that pro-
mote sustainable development. Significantly, this support is expressed not only in theoretical terms
but also in financial contributions (ADP4) and recognition of the practical utility of the technology
(ADP2). These results demonstrate that when developing strategies to promote the adoption of
hydrogen-powered vehicles, it is not only the emphasis on innovation that can be effective, but also
the communication of the importance of sustainable development and human-nature harmony. This
message can be particularly effective among those willing to make financial sacrifices for sustainable
technologies. The results of EN'V3 show that those who think we are not doing enough to protect the
environment are more in favor of innovation and solutions that can contribute to sustainability. This
is particularly true for the ADP1 (support for innovation) and ADP4 (financial support) variables.
However, the relationship is weaker for variables ADP2 and ADP3, suggesting that although concern
for resource conservation may increase interest in alternative technologies, this does not necessarily
translate into direct purchase intentions or willingness to use. These results indicate that highlighting
environmental concerns, innovation benefits, and financial incentives is necessary to encourage the
uptake of hydrogen vehicles. Lastly, the results of EN'V4 show that individual responsibility is strongly
associated with support for innovation and moderately with interest in alternative fuel technologies.
This implies that consumers who consider individual involvement in sustainability important may
be more receptive to new environmentally friendly technologies.

At the same time, it can be seen that the emphasis on individual responsibility alone is not sufficient
to increase financial sacrifice. The weak correlation with the ADP4 variable suggests that even if
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one feels an individual responsibility to protect the environment, this does not necessarily translate
into a willingness to finance sustainable technologies. Since the data show that the relationship
with innovation is most substantial in all cases, the ADP1 (innovation attitude) variable may be
the best proxy for the overall sustainability attitudes measured by the ENV variables. This may
imply that openness to innovation, rather than environmental awareness alone, is one of the keys
to adopting sustainable technologies.

Based on the literature, several studies have highlighted that there may be a strong relationship
between openness to innovation and the adoption of alternative fuels (Harichandan & Kar, 2023b;
Malik & Yadav, 2021). The results of the current study support this relationship, as positive attitu-
des toward innovation (ADPI) showed a significant relationship with all environmental variables.
Therefore, the results of the research are consistent with the findings of the literature that consu-
mers are generally optimistic about innovation (ADP1) but less supportive of the actual benefits of
hydrogen cars (ADP2, ADP3) and their financial implications (ADP4). This confirms the findings
of'the literature that there is often a gap between interest in alternative fuel vehicles and purchase
intentions (Nixon & Saphores, 2011; Squalli, 2024). The role of environmental attitudes in the
adoption of sustainable transport is complex. The literature suggests that strong environmental
awareness does not always lead unequivocally to purchasing or using sustainable technologies,
as other factors, such as economic considerations or infrastructure problems, influence decisions
(Ahn & Park, 2022; Flamm, 2009). The current research confirms this complex relationship:

although respondents show strong environmental awareness (ENVI-ENV3), individual sense
of responsibility (ENV4) is lower, and financial sacrifice (ADP4) is relatively weak. This may
reflect that support for environmental protection often remains theoretical and is not necessarily
associated with concrete consumer choices, as other research has shown (Nogueira et al., 2023).
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