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Abstract

Even though hydrogen fuel cell vehicles are essential for decarbonization, getting con-
sumers to accept them remains a tough issue. This research combines normative and
cognitive theories to find out if environmental values actually take precedence over logical
risk assessments. We analyzed data from 761 consumers in Türkiye, using the structural
equation model and Hayes’ PROCESS Macro. The results show that, although environmen-
tal concerns strongly increased awareness (β = 0.80) and awareness lowered perceived risk
(β = −0.34), perceived risk itself did not significantly predict purchase intention (β = 0.03,
p > 0.05). Instead, decisions were motivated by a hope-based path: Concern → Awareness
→ Usefulness → Intention. We tentatively interpret this as Green Motivation Dominance,
whereby environmentally motivated early adopters appear to prioritize environmental
benefits over technical hazards; notably, perceived usefulness significantly predicted in-
tention (β = 0.29), and the serial path Concern → Awareness → Usefulness → Intention
was significant (effect = 0.25, 95% CI [0.17, 0.35]). This interpretation, however, warrants
direct testing in future research. Thus, the main factor driving adoption is the presence of
advantages, not the absence of risk. Therefore, policymakers should focus on maximizing
benefits rather than just trying to reduce risks.

Keywords: hydrogen fuel cell vehicles; sustainable consumption; pro-environmental
behaviour; consumer decision-making; purchase intention; technology acceptance

1. Introduction
Growing global climate change concerns, the need for sustainable energy sources,

and the environmental and economic consequences of fossil fuel dependence require a
global shift to clean energy technologies [1–4]. High-carbon sectors like road transport
play a critical role in achieving environmental sustainability goals [5,6]. Decarbonizing
the transportation sector can cut emissions, boost energy security, and reduce fossil fuel
imports [1,2].

In this context, hydrogen energy (HE) emerges as a sustainable alternative to fossil
fuels [4,7,8]. As a flexible energy carrier [1], hydrogen generates electricity and emits only
water vapor when used in fuel cell vehicles (HFCVs) [6,9]. Compared to traditional EVs,
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HFCVs offer superior range and refueling times, making them suitable for intercity travel,
heavy trucks, buses, maritime, and rail transport [2,5,6].

Although hydrogen technology offers environmental and economic benefits, public
acceptance and consumer purchasing intentions limit its widespread use [7,9,10]. HFCV
adoption is primarily hindered by high costs, limited refueling infrastructure, and perceived
safety risks [9,10]. Specifically, concerns regarding the probability and severity of accidents
during production, transport, and storage significantly impact public acceptance [11,12].
So, understanding consumer perceptions and intentions toward this emerging technology
is vital for industry growth and policy formulation [13,14].

Previous studies on hydrogen-powered vehicle adoption have predominantly used
cognitive-based frameworks such as the Technology Acceptance Model (TAM) or the Uni-
fied Theory of Acceptance and Use of Technology (UTAUT) [15,16]. While valuable, these
models often overlook the complex interplay between rational cost–benefit analyses and
normative values, particularly regarding safety concerns and environmental responsibil-
ity [17–19]. This oversight has led to inconsistent findings regarding the barriers to the
hydrogen economy [17,20]. A comprehensive model integrating cognitive evaluations
with value-based motivations for pro-environmental technologies remains empirically
untested [18,21–23].

Theoretically, this study constructs a limited, value-informed acceptance model propos-
ing that HFCV purchase intention extends beyond rational cost–benefit analysis [7,9,20,24]
to include complex decision mechanisms driven by environmental values and social respon-
sibility [7,14,21]. The model is tested in Türkiye, a developing economy and strategic energy
market [1,25], to assess its generalizability across diverse socioeconomic contexts. Research
on this topic in Türkiye is still in its early stages [7,14], making this study particularly
significant for both local policymaking and the international literature.

The primary aim of this study is to analyze the interaction of cognitive and value-based
factors that shape consumer purchase intentions toward HFCVs. Specifically, the study
pursues the following concrete objectives:

• To evaluate the comparative weight of cognitive factors, such as perceived usefulness,
versus normative factors, like environmental values, in shaping purchase intention.

• To identify the role of perceived risk as a parallel mediating mechanism—alongside
perceived usefulness—and determine whether safety concerns offset the positive
effects of hydrogen energy awareness.

• To test the robustness of the proposed VBN-informed, usefulness-focused acceptance
model using Structural Equation Modeling (SEM) for structural validity and Hayes’
PROCESS Macro (Model 6) for mediation analysis.

• To propose actionable, evidence-based policy recommendations for automotive manu-
facturers and energy policymakers to overcome consumer resistance.

In pursuit of these objectives, this study introduces three key novel contributions to
the literature:

• Theoretical Framing: Rather than claiming a full integration of TAM and VBN, this
research advances a limited, VBN-informed and usefulness-focused acceptance model.
It links a value-based antecedent—environmental and social concerns, consistent with
VBN reasoning but not the full VBN causal chain—to the cognitive evaluations of
usefulness and risk, allowing a simultaneous analysis of how technological utility and
environmental values jointly shape consumer decisions.

• The Limited Role of Perceived Risk: The study shows that, in this early-adopter sample,
strong perceived usefulness coexists with safety-related risk perceptions that do not
significantly deter purchase intention, offering a nuanced, empirically grounded view
of the limited role of perceived risk.
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• Methodological Rigor: The study goes beyond simple direct effects by using the
PROCESS macro (Model 6) to identify a mediating pathway, and assessing whether
perceived risk operates as a psychological barrier within this pathway.

2. Conceptual Framework and Literature Review
2.1. Theoretical Background
2.1.1. Cognitive Approaches

The process by which individuals adopt a new technology is a subject of extensive
research, particularly in the social sciences and information systems, and has been ongoing
for many years. A significant portion of theoretical work in this area assumes that individu-
als base their decisions to use or reject technology on rational, cognitive processes [16,26].
The most fundamental and widely accepted of these approaches is the TAM, developed
by Davis [27] in the context of information systems. TAM extends the Theory of Reasoned
Action (TRA) from social psychology, which links behavioral intention to attitudes and per-
ceptual norms [28]. Specifically, TAM explains technology adoption through two primary
cognitive constructs:

Perceived Usefulness (PU): Defined as the degree to which a user believes that using a
particular system will improve his or her job performance or quality of life [18,27,28]. This
factor refers to one’s perception of how helpful technology will be in achieving one’s goals.

Perceived Ease of Use (PEOU): Defined as the degree to which a user believes that
using a particular system will not be mentally or physically demanding [18,27,28]. This
factor highlights how effortless the technology is to use.

According to TAM, an individual who believes that a technology is easy to use also
tends to think that technology is useful, and these two beliefs create a positive attitude
towards the technology and ultimately a high intention to adopt it [28]. Davis [27] removed
the construct attitude from the final model to explain intention more simply. Following
this parsimonious logic—and because HFCVs are not yet commercially available for use in
the Turkish market, which precludes a meaningful assessment of ease of use—the present
study focuses on perceived usefulness as the core cognitive evaluation and does not model
perceived ease of use or attitude as separate constructs. However, in later extensions of the
model, social factors such as subjective norm were reintroduced as an additional predictor
of intention, particularly for compulsory use cases [28]. TAM has been widely applied to
various technologies and different user contexts and has made a significant impact on the
field with its strong explanatory power [16].

To synthesize the theoretical knowledge in the technology acceptance literature,
Venkatesh et al. [28] developed the UTAUT. UTAUT integrates the core constructs of
the TAM and other leading models to provide a more comprehensive and unified frame-
work. This model explains an individual’s intention to use technology through four key
factors. According to this framework, four key constructs determine the intention to use
technology. Performance Expectancy is defined as the individual’s belief that using the
system will increase job or task success, while Effort Expectancy refers to the belief that
using the system will be easy. Beyond personal evaluations, the model includes Social
Influence, defined as the perceived pressure from significant others, and Facilitating Condi-
tions, reflecting the belief that adequate technical and organizational infrastructure exists
to support usage.

These cognitive models offer a solid framework for analyzing purchase intentions,
particularly for high-value, complex products like automobiles [29]. Indeed, many studies
on HFCV adoption have adapted the core logic of TAM and UTAUT to their specific con-
texts [15,30]. Typically, these inquiries balance benefit dimensions—such as environmental
and economic advantages—against barriers like high costs, infrastructure gaps, and safety
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concerns [7,9,16,18,23,26,31,32]. Collectively, this body of work highlights the central role
of rational assessment in technology adoption decisions.

However, rational models often fail to capture deeper value-based motivations and
ethical responsibility, especially for sustainability-focused technologies like HFCVs. Purely
cognitive frameworks struggle to reflect the complex interplay of environmental values,
social responsibility, and personal norms. For instance, Hienuki et al. [20] found that the
environmental and socioeconomic benefits of fuel cell vehicles had little impact on the
acceptability of hydrogen stations. This suggests that a rational assessment of benefits is
insufficient to drive sustainable technology adoption. Similarly, studies like Bayrakdar Ateş
and Çalık [7] indicate that cognitive models frequently overlook normative factors critical
to adopting green technologies. Furthermore, Huan et al. [33] argue that treating perceived
risk as a single construct fails to explain its complexity, highlighting the need for a multidi-
mensional approach. These insights imply that HFCV purchase intentions stem not just
from rational cost–benefit analysis but from a more complex decision-making mechanism.
This underscores the need for research that integrates value-based motivations alongside
cognitive variables, bridging the gap between what is analyzed and what is valued.

2.1.2. Value-Based Approaches

While cognitive and rational-based models explain technology adoption [27,28],
they often fail to account for the fact that human behavior is not merely a cost–benefit
analysis [7,20]. Deeper values, beliefs, and personal norms frequently shape decisions,
particularly in ethical domains like sustainability [19,22]. This highlights the role of value-
and norm-based theories in explaining pro-environmental behavior.

Stern et al.’s VBN Theory stands out as a prominent framework in this field [34,35].
Extending Schwartz’s Norm Activation Model (NAM), VBN Theory [34,36] postulates
a causal chain driving pro-environmental behaviors [24,37]. This chain originates from
stable personal values, specifically biospheric (concern for nature) and altruistic (concern
for others) orientations [34–37].

These core values shape an individual’s general beliefs about the environment and the
consequences of human actions [23,38]. These beliefs, in turn, activate a sense of personal
moral obligation to act to protect the environment in a given situation, i.e., personal
norms [36]. This sense of moral responsibility directs the individual towards concrete pro-
environmental behaviors like recycling, saving energy, and buying green products [34,36].

Under VBN theory, purchasing eco-friendly products is both a rational choice and
a moral act [39]. This framework posits that awareness of consequences and ascribed
responsibility activate personal norms, leading to pro-environmental behaviors [36]. This
value-based perspective validates the role of the Environmental and Social Concerns (ESC)
construct as our model’s starting point. Aligning with VBN principles, ESC encompasses
responsibility, the value of a clean environment, and climate concerns [9,23]. Indeed,
existing literature confirms that environmental concerns positively influence consumer
attitudes and purchase intentions for sustainable products [7,16,40–42].

Value- and norm-based approaches are essential for understanding the intent to
adopt sustainable technologies. Numerous empirical studies confirm that environmentally
conscious consumers consistently prefer sustainable products [16,25,29,39,40,42–44]. This
motivation stems from intrinsic values and a sense of responsibility toward society and the
environment [38]. For instance, Bayrakdar Ateş and Çalık [7] found that ESCs positively
influence investment intentions in hydrogen energy, potentially prompting government
incentives. Similarly, Gordon et al. [17] demonstrated that environmental awareness
often overrides rational cost calculations, as consumers weigh social responsibility against
economic returns. Sala et al. [9] also identified environmental attitudes as key predictors
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of hydrogen technology adoption. Furthermore, Waqas et al. [19] used the NAM to link
responsibility attribution to sustainable transport uptake. Ultimately, these findings indicate
that HFCV acceptance depends not only on practical benefits but also on alignment with
the consumer’s value system and moral compass [5,40,45–48]. As the demand for clean
energy grows [49], these value-based approaches significantly enrich our understanding of
technology adoption.

Perceptions of social responsibility significantly shape intentions toward green invest-
ments [7]. Moreover, securing a low-carbon energy future hinges on social acceptance,
positioning consumer attitudes as pivotal in technology acceptance management [17,50,51].

Preferences for eco-friendly products, responsibility for carbon reduction, and cli-
mate concerns are pivotal in driving the adoption of green technologies, particularly
EVs [29,42]. Amidst the escalating demand for clean energy [25], these findings confirm
that HFCV acceptance relies as much on the consumer’s moral compass as on the technol-
ogy’s practical utility.

Value-based approaches influence cognitive processes as much as behavioral inten-
tions. Individuals driven by environmental concern and moral responsibility actively seek
solutions to align their actions with their values [33,52]. The perceived gravity of environ-
mental issues heightens the motivation to acquire relevant knowledge. While information
gaps breed uncertainty regarding next-generation energy technologies, informed awareness
fosters positive intentions [14]. Thus, this ethical foundation serves as a critical precursor
to shaping consumer awareness.

However, the literature also contains conflicting findings showing that the impact of
value-based motivations on technology acceptance is not always consistent. For example, a
study by Hienuki et al. [20] concluded that the environmental and socioeconomic benefits
of fuel cell vehicles (FCVs) had little correlation with the acceptability of hydrogen stations.
It can be observed that information does not always reduce risk perception; sometimes
it increases it, as more information can reveal the true costs and potential dangers more
clearly [33,53]. These conflicting findings suggest that the influence of individual and soci-
etal values on technology adoption may be more complex than that of rational cost–benefit
analyses and direct perceptions of environmental benefits [20,41]. This situation highlights
the need to examine more deeply not only the role of values, but also the mediating role
of knowledge and awareness in these complex relationships. This would represent a sig-
nificant step towards understanding the adoption of sustainable technology from a more
holistic perspective.

2.1.3. The Mediating Role of Awareness

Cognitive/rational and value/norm-based approaches reveal the fundamental mo-
tivational sources influencing technology adoption. However, how the bridge between
these two theoretical currents is built—that is, how individuals’ deep-seated values shape
their rational evaluations—has generally received less attention in the literature [23,54].
In particular, it was emphasized that examining perceptions and attitudes is critical for
the social acceptance of renewable energy technologies [55,56]. The scarcity of studies in
the current literature that holistically address awareness of hydrogen energy or examine
the relationships between different awareness structures using a conceptual model [50,54]
points to this gap. This study proposes that awareness is the critical mechanism that fills
this gap. In the technology adoption literature, awareness is addressed using concepts such
as knowledge or familiarity, and generally refers to the mental schema an individual has
regarding a technology [33,57–59]. To avoid conceptual ambiguity, the present study treats
hydrogen energy awareness as issue awareness combined with subjective (self-assessed)
knowledge—that is, an individual’s perceived familiarity with and understanding of the
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technology—rather than objective knowledge measured through factual testing. This sub-
jective awareness, not objective expertise, is the proximal cognitive antecedent of the benefit
and risk perceptions modeled here.

Awareness plays a critical mediating role, especially when it comes to complex and
new technologies like HFCVs, for two main reasons. Firstly, awareness is directly related
to an individual’s values and beliefs. Individuals with high environmental concerns and
a sense of moral responsibility in this regard tend to be more receptive to information
and solutions consistent with their values and actively seek out information on these
topics [14,22,36,52]. The literature shows that personal, environmental, and social con-
cerns trigger the search for information regarding next-generation energy technologies
and indirectly influence adoption intentions for these technologies [33,60,61]. For example,
individual environmental awareness and commitment to climate change have been shown
to be associated with stronger perceptions of environmental benefits [17]. So, ESCs serve as
a powerful motivational driver that drives individuals to become more aware of relevant
technologies such as hydrogen energy [36,38]. Çalık and Bayraktar Ateş emphasized that
awareness is a critical tool in the process of adopting new-generation energy technologies
and that knowledge and awareness are the first and most important elements in society’s ac-
ceptance of a new technology [14]. It has also been noted that a lack of information increases
uncertainty about next-generation energy technologies, while informed understanding and
technological awareness enhance positive intentions [1,58].

Secondly, this level of awareness forms the basis of an individual’s rational evalua-
tions of technology. The level of knowledge and familiarity with a technology directly
influences how its potential benefits and risks are perceived [23,32,62]. This interaction can
be explained as follows:

Impact on Perceived Benefits: For a consumer with low awareness of a technology, its
benefits, such as the long range of HFCVs [7,15,41] or environmental advantages [54,63–65],
may remain abstract and vague [14,66]. As awareness increases, these potential bene-
fits become more tangible and understandable, which positively impacts the Perceived
Benefit [9,14,17,23]. Commitment to renewable energy technologies has been associated
with stronger perceptions of environmental benefits [17]. However, the literature also
contains findings suggesting that this relationship is not always direct and positive [7,20].
Bayrakdar Ateş and Çalık [7] stated that experts explaining the returns and potential
benefits of hydrogen energy did not have an additional effect on the investor, and that
the relationship between perceived benefit and investment intention could even disap-
pear when experts were involved in the process. This suggests that the way information
influences the perception of utility may vary depending on the context or type of aware-
ness (such as expert knowledge versus general public awareness). In general, perceiving
the benefits of a technology forms the basis for positive attitudes and acceptance of that
technology [23,32,62].

The impact of awareness on risk perception is more complex and presents a two-sided
debate in the literature [30,67].

Risk Perception Reduction Aspect: On the one hand, increased information (aware-
ness) reduces risk perception by addressing misconceptions and fears stemming from
uncertainty about the technology. A lack of sufficient public information can lead to
concerns about hydrogen energy. Indeed, Obenaus-Emler et al. [52] discuss how ed-
ucation and public awareness can contribute to obtaining a societal license for new
technological developments.

Increasing Risk Awareness: On the other hand, a more informed consumer or expert
having a better understanding of the real challenges and potential dangers of the technology
can increase risk awareness [26]. This shows that more information can increase risk
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perception because it can reveal the true costs and potential dangers more clearly [7]. Huan
et al. [33] also stated that the effect of accident awareness on risk perception is complex and
that there is no significant effect on perceived threat in the accident-aware group.

Therefore, awareness is not a passive accumulation of knowledge, but an active
cognitive construct that serves as a dynamic bridge between values and rational percep-
tions [23,33,52]. This theoretical framework supports the central argument of our study.
We believe that the impact of environmental concerns on purchasing intention occurs not
directly, but through a series of mediating processes that first raise awareness of hydrogen
energy and then shape the perceptions of benefits and risks that this awareness entails.
This mechanism is a critical step in understanding the adoption of sustainable technology
from a more holistic perspective.

2.2. Hypotheses Development
2.2.1. Environmental Concern and Awareness

According to the basic principles of VBN theory, the deep environmental values and
concerns that individuals possess actively shape not only their behavioral intentions but
also their cognitive processes [34,36,37]. Individuals tend to pay more selective attention
to information that is consistent with their sense of responsibility and to actively seek
information on these topics [18]. This psychological mechanism, also called motivated
cognition, reflects the individual’s motivation to find solutions that align with their intrinsic
values [18,36]. Therefore, an individual with high levels of environmental and social
anxiety is expected to have a strong motivation to address these concerns or to find pro-
environmental solutions that align with these values [9,19].

This theoretical background remains widely relevant in the context of adopting sus-
tainable energy technologies. The literature clearly shows that pro-environmental attitudes
and environmental concerns encourage individuals to learn more and learn about green
technologies [53,59]. When it comes to new, complex and less public technologies such as
hydrogen energy, one of the main triggers for an individual’s interest and awareness of
this issue is their sensitivity to current environmental problems and their expectation for
solutions [1,13,23]. Individuals’ risk perceptions and general attitudes are also among the
important cognitive factors that affect their interest in these new technologies and therefore
their knowledge acquisition processes [12,33,62]. It is emphasized that knowledge and
experience play a critical role in the public acceptance of HFCVs [20,41,44]. In this context,
ESCs provide a starting point for an individual to assess whether hydrogen energy is a
potential solution, which increases their awareness of the issue [7,14,23].

In line with the above theoretical discussion and literature findings, the first hypothesis
of this study was formed as follows:

H1. Environmental and Social Concerns significantly impact Hydrogen Energy Awareness.

2.2.2. The Dual Effect of Awareness on Usefulness and Risk

In the realms of consumer behavior and technology acceptance literature, it is widely
acknowledged that individuals’ perceptions and attitudes toward an innovation are predi-
cated upon their level of knowledge and awareness regarding that innovation [28,50,52].
It cannot be expected that a consumer with no knowledge or familiarity with a technol-
ogy will evaluate or appreciate its potential benefits [7]. This is particularly pertinent
for multicomponent technologies that are not yet fully understood by the public, such as
HFCVs [52]. Indeed, potential advantages offered by these technologies—such as zero
emissions [6,65], long driving range, rapid refueling [2,22], and contribution to national
energy independence [4,46]—may not be fully perceptible at first glance without adequate
knowledge and awareness.
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The literature explicitly demonstrates that technological awareness is a fundamental
antecedent shaping individuals’ perceived usefulness of that technology [9,20]. As the level
of awareness increases, consumers are better equipped to translate the abstract promises
of a technology into tangible personal and societal benefits [2,46,53]. Studies conducted
by Bayrakdar Ates & Calik [7] and Calik & Bayrakdar Ates [14] empirically indicate that
knowledge-based expertise and general awareness positively influence individuals’ per-
ceived usefulness, which in turn affects their purchase or investment intentions. Specifically,
as emphasized within the TAM framework, an individual who understands the function
and advantages of a technology is naturally more likely to perceive it as useful [15,23,28].

In this context, it is posited that hydrogen energy awareness will enable individuals
to evaluate the potential advantages of HFCVs in a more positive and concrete manner.
Accordingly, the second hypothesis of the study is formulated as follows:

H2. Hydrogen Energy Awareness has a significant effect on Perceived Usefulness.

In contrast to the straightforward positive influence of awareness on perceived useful-
ness, the impact of awareness on perceived risk represents a more complex and multifaceted
debate within the technology acceptance literature [23,33,62]. The direction of this relation-
ship can vary depending on the type of awareness, the consumer’s mode of information
processing, and the nature of the technology itself [38].

According to the first perspective, increased awareness and knowledge serve to miti-
gate perceived risk [17,30]. This approach posits that uncertainty and lack of knowledge
are primary sources of fear and anxiety [67]. When consumers lack sufficient information
about a technology, they tend to fill these cognitive gaps with uncertainty or sensationalist
narratives propagated by the media [55,68]. As awareness increases, individuals gain a
clearer understanding of the technology’s safety protocols, regulations, and actual opera-
tional risks [31,69]. This can lead to the alleviation of unfounded fears and the perception
of the technology as safer [20,67].

A second and opposing viewpoint suggests that increased awareness may, in certain in-
stances, heighten perceived risk [9,23]. While a consumer with superficial knowledge might
overlook potential dangers, a more informed individual is better positioned to comprehend
the genuine challenges and inherent risks of the technology [31,70,71]. Possessing greater
knowledge about issues such as hydrogen’s flammability and explosive nature [65], as well
as high-pressure storage and transportation [31,71], can lead to a more conscious—and
consequently higher—perception of risk. Indeed, some studies have demonstrated that
increased knowledge at an expert level can negatively impact investment intention by
raising awareness of the technology’s actual costs and difficulties [10,30,55].

These findings in the literature indicate the absence of a simple, unidirectional rela-
tionship between awareness and perceived risk [9,23,33,62]. On the one hand, there is a
view advocating that awareness reduces risk by diminishing uncertainty [7,12,17,20,67]; on
the other hand, there is the contention that it increases risk by revealing inherent challenges
and dangers [31,65,70,71]. This study aims to empirically investigate and contribute to
the clarification of this debate. Therefore, given the complex landscape of the literature,
assigning a predetermined direction would be a premature theoretical judgment; thus,
establishing a nondirectional hypothesis that tests the existence of the relationship without
imposing a direction is the most rigorous and scientifically objective approach.

H3. Hydrogen Energy Awareness significantly affects Perceived Risk.

https://doi.org/10.3390/su18136864

https://doi.org/10.3390/su18136864


Sustainability 2026, 18, 6864 9 of 26

2.2.3. Determinants of Purchase Intention

Perceived usefulness, the cornerstone of the TAM, is one of the strongest determinants
of an individual’s intention to use a new technology [15,18]. According to the theory,
individuals adopt a technology to the extent that they believe it will enhance their quality
of life, increase their efficiency at work, or facilitate the achievement of specific goals [27,32].
If a consumer does not anticipate that a product or technology will provide concrete benefits,
they cannot be expected to develop a purchase intention toward that product [9,23].

This fundamental principle has been consistently validated in studies regarding the
adoption of sustainable technologies such as HFCVs. The extent to which consumers
perceive the advantages offered by HFCVs—including environmental benefits [4,47], func-
tional benefits [2], and economic benefits [10,72]—is directly correlated with positive
attitudes and purchase intentions toward these vehicles. In a study by Liu and Wu [36]
integrating VBN and TAM theories, it was empirically demonstrated that perceived use-
fulness has a statistically significant and strong positive effect on the intention to use
green packaging. Similarly, research specific to hydrogen vehicles indicates that poten-
tial users’ perceived usefulness is one of the most critical predictors of their purchase
intentions [7,15,20,32].

In light of these findings, it is expected that consumers who perceive the multidimen-
sional benefits (environmental, economic, technological) of HFCVs at a higher level will
exhibit a stronger intention to purchase these vehicles. Accordingly, the fourth hypothesis
of the study is formulated as follows:

H4. Perceived Usefulness has a positive and significant effect on Purchase Intention.

In the consumer behavior literature, while perceived usefulness plays an incentivizing
role in adopting a technology, perceived risk exerts the exact opposite effect [7,17]. When
evaluating a new product or technology, consumers weigh potential benefits against possi-
ble losses and uncertainties [32]. The higher the perceived risk, the lower the probability
of adopting a technology [72]. This risk perception possesses a multidimensional struc-
ture, particularly for technologies that require high investment [5] and have not yet fully
permeated society, such as HFCVs [50]. These dimensions include financial risks [5,17,43],
safety risks [11,42,54,69,71], performance/technological risks [21,66] and infrastructural
risks [25,41,48,59,73,74].

There is substantial evidence in the literature indicating that each of these risk dimen-
sions negatively affects purchase intention toward sustainable transportation technologies.
A comprehensive review by Scovell [23] emphasizes that when explaining the social ac-
ceptance of hydrogen technologies, perceived risk is one of the most significant factors
negatively influencing this acceptance. Empirical studies demonstrate that factors such
as the high initial costs, potential safety concerns, and limited refueling infrastructure
of HFCVs induce hesitation in consumers and significantly reduce their purchase inten-
tions [7,25,65,72]. When consumers perceive that a technology could pose a potential threat
to themselves or their families, or that they may not receive a return on their investment,
they tend to avoid that technology [10,54,65].

In this regard, it is expected that consumers who perceive the risks associated with
HFCVs at a higher level will exhibit a lower intention to purchase these vehicles. Based on
this premise, the fifth hypothesis of the study is formulated as follows:

H5. Perceived Risk has a negative and significant effect on Purchase Intention.
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2.2.4. Mediation Mechanism

The hypotheses developed in the preceding sections (H1-H5) established the theoreti-
cal foundation for the individual relationships between the core constructs of our study.
However, the central premise of this research is that these relationships do not operate in
isolation but rather function as a sequential causal chain. Our model proposes that the
effect of Environmental and Social Concerns on Purchase Intention is not direct; instead,
it is transmitted indirectly, through Hydrogen Energy Awareness, which in turn shapes
two parallel cognitive evaluations—Perceived Usefulness and Perceived Risk—that jointly
influence Purchase Intention. The serial mediation hypothesis (H6) formalizes this chain
specifically for the usefulness pathway.

The first mediation path operates through a positive expectation framework. Accord-
ing to our theoretical framework, higher Environmental and Social Concerns will elevate
an individual’s Hydrogen Energy Awareness (H1); this increased awareness will clarify the
potential advantages of HFCVs, thereby enhancing Perceived Usefulness (H2); and this
heightened perception of usefulness will positively influence Purchase Intention (H4). To
test the existence of this sequential effect, our sixth hypothesis is formulated as follows:

H6. Hydrogen Energy Awareness and Perceived Usefulness serially mediate the relationship
between Environmental & Social Concerns and Purchase Intention.

Testing this mediation hypothesis is anticipated to make a significant contribution
to the literature by enabling us to understand not merely the relationships between
variables, but also the underlying psychological processes and mechanisms driving
these relationships.

2.3. Research Model

Based on the theoretical framework and the hypotheses developed above, the con-
ceptual model of the study is proposed. As illustrated in Figure 1, the model posits that
environmental and social concerns serve as the antecedent variable, influencing hydro-
gen energy awareness. Subsequently, this awareness affects purchase intention through
two parallel mediators—perceived usefulness and perceived risk—with the serial indirect
pathway (H6) operating through perceived usefulness.

Figure 1. The Proposed Research Model.

3. Methodology
3.1. Sampling and Data Collection

This study adopts a quantitative research approach to investigate the factors shaping
consumers’ purchase intentions toward HFCVs and the complex interrelationships among
these factors. The theoretical framework of the study is grounded in a correlational research
design, which facilitates the testing of cause-and-effect relationships. Data were collected
utilizing an online survey technique to access a broad participant base and expedite the
data collection process.
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The population of the study comprises individuals living in Türkiye’s three largest
metropolises—Istanbul, Ankara, and Izmir—who are active vehicle users. These cities were
selected as they represent the primary target regions for the potential HFCV market and
infrastructure investments. Due to the large size of the population and the difficulty in
accessing a complete sampling frame, convenience sampling, a non-probability sampling
method, was employed. The survey was disseminated to potential participants through
social media platforms and digital channels. Following data cleaning procedures, 761 valid
survey forms were retained for analysis. This sample size meets the minimum sample
size criteria (n > 300) recommended in the literature for Structural Equation Modeling
analyses [75].

3.2. Measures

A structured questionnaire consisting of two sections was employed as the data collec-
tion instrument. The first section comprises 8 items designed to ascertain the participants’
demographic characteristics (gender, age, education, occupation, etc.) and their general
tendencies regarding technology and the environment.

The second section utilizes scales adapted from the literature to measure the constructs
within the research model. All items were rated using a 5-point Likert-type scale ranging
from 1 = Strongly Disagree to 5 = Strongly Agree. The structures of the scales are as follows:

• Perceived Usefulness: 8 items were used to measure the advantages provided by
HFCVs, adapted from Yildiz et al. [76] and Loengbudnark et al. [26].

• Perceived Risk: 8 items were employed to measure the perception regarding the po-
tential dangers and uncertainties of the technology, based on scales by Chen et al. [77],
Huan et al. [33], and Loengbudnark et al. [26].

• Purchase Intention: 7 items were utilized to determine consumers’ willingness to
purchase HFCVs, adapted from Norazahar et al. [78].

• Environmental and Social Concerns: 6 items were used to measure individuals’ sensi-
tivities toward the environment and society, drawn from Norazahar et al. [78].

• Hydrogen Energy Awareness: Initially, a 14-item pool was prepared based on Bayrak-
dar Ates and Calik [1] and Huan et al. [33] to measure participants’ level of knowledge
and awareness regarding the subject (during the analysis, 6 of the initial 14 items
were removed because their factor loadings fell below the 0.50 criterion and/or they
cross-loaded on other factors, yielding a final 8-item scale; the full item pool and the
retained items are reported in Appendix A).

3.3. Data Analysis Strategy

The analysis of the collected data was conducted using a two-stage approach utilizing
the SPSS 23 and AMOS 23 statistical software packages.

In the First Stage (Validation of the Measurement Model), Exploratory Factor Analysis
(EFA) was initially conducted to test the construct validity of the dataset. Subsequently,
Confirmatory Factor Analysis (CFA) was performed to verify the accuracy of the obtained
factor structure. Cronbach’s Alpha coefficients were examined to determine scale reliability,
while Average Variance Extracted (AVE) and Composite Reliability (CR) values were
calculated to assess convergent validity. Additionally, Pearson correlation analysis was
conducted to observe the direction and strength of the relationships between variables.

In the Second Stage (Structural Model and Hypothesis Testing), SEM was employed
to test the research hypotheses. The model’s goodness-of-fit indices (χ2/df, GFI, CFI, TLI,
RMSEA, SRMR) were evaluated based on acceptance criteria in the literature. Furthermore,
Hayes’ PROCESS Macro extension (Model 6) was utilized to test the serial mediation effect
(H6) in a more detailed and robust manner.
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4. Results
4.1. Sample Characteristics

Data belonging to 761 valid participants obtained from the survey conducted within
the scope of the study were analyzed following data cleaning procedures. The detailed
distribution regarding the demographic characteristics of the participants is presented in
Table 1.

Table 1. Demographic Characteristics and Descriptive Statistics of Participants (n = 761).

Variables Categories Frequency (n) Percentage (%)

Gender
Female 401 52.7

Male 360 47.3

Age

18–35 504 66.2

36–55 201 26.4

56–65 50 6.6

66 and above 6 0.8

Education Level

Primary Education 65 8.5

Secondary Education 139 18.3

Associate Degree 158 20.8

Bachelor’s Degree 324 42.6

Postgraduate 75 9.9

Place of Residence

Metropolitan 354 46.5

City 340 44.7

Town/Village 67 8.8

Occupation

Student 365 48.0

Public Sector
Employee/Manager 115 15.1

Private Sector
Employee/Manager 79 10.4

Self-Employed 67 8.8

Homemaker 65 8.5

Retired 42 5.5

Tradesman/Business
Owner 28 3.7

Tracking
Technological
Innovations

Yes 555 72.9

Rarely 151 19.8

No 55 7.2

Preference for
Environmental

Products

Yes 509 66.9

Rarely 190 25.0

No 62 8.1

An examination of the sample structure reveals a balanced gender distribution (52.7%
female, 47.3% male). Regarding age groups, the majority of participants (66.2%) fall within
the 18–35 age range, followed by the 36–55 age group at 26.4%. This indicates that the
sample is predominantly composed of a young and dynamic population.
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In terms of education level, it is noteworthy that a significant portion of participants
(73.3%) holds undergraduate or graduate degrees. The concentration of students (48%) and
public/private sector employees in the occupational distribution suggests that the sample
represents an educated and socio-economically active cohort. Furthermore, the fact that
91.2% of participants reside in metropolitan areas and city centers aligns with the target
regions where HFCV infrastructure is planned to be established initially.

Regarding the sample’s attitudes toward technology and the environment, it was
determined that 72.9% actively follow technological innovations and 66.9% tend to prefer
environmental products. These findings demonstrate that the study group fits the early-
adopter profile, characterized by a high potential for adopting innovative and eco-friendly
technologies such as hydrogen energy.

4.2. Measurement Model Assessment

A two-stage approach was adopted to test the construct validity of the research model.
Initially, Exploratory Factor Analysis (EFA) was applied to examine the factor structure
of the dataset. The analysis yielded a Kaiser–Meyer–Olkin (KMO) value of 0.950, and the
Bartlett’s Test of Sphericity result was found to be significant (p < 0.001). These values
indicate that the data are suitable for factor analysis at an excellent level.

Confirmatory Factor Analysis (CFA) was conducted using AMOS software to verify
the obtained factor structure. Upon examination of the goodness-of-fit indices of the
measurement model, it was observed that the model fits the data quite well (χ2/df = 2.749;
CFI = 0.943; TLI = 0.937; RMSEA = 0.048; SRMR = 0.046). All factor loadings are statistically
significant, supporting the construct validity of the model. Because the exploratory and
confirmatory analyses were conducted on the same sample, the measurement structure
should be regarded as internally validated rather than cross-validated; replication on an
independent sample is a recommended direction for future research.

Cronbach’s Alpha, Composite Reliability (CR), and Average Variance Extracted (AVE)
values were calculated to evaluate the reliability and validity of the scales (Table 2).

Table 2. Measurement Model: Reliability and Validity Analysis Results.

Constructs Number of
Items

Factor Loading
Range

Cronbach’s
Alpha (α) CR AVE

Perceived Usefulness 8 0.647–0.746 0.917 0.90 0.58

Perceived Risk 8 0.628–0.783 0.874 0.87 0.46

Purchase Intention 7 0.770–0.846 0.934 0.93 0.66

Environmental & Social Concerns 6 0.624–0.750 0.889 0.88 0.55

Hydrogen Energy Awareness 8 0.558–0.754 0.912 0.91 0.57
Note: CR = Composite Reliability; AVE = Average Variance Extracted.

Reliability: Cronbach’s Alpha values for all scales range between 0.87 and 0.93.
These values are well above the 0.70 threshold, indicating that the scales possess high
internal consistency.

Convergent Validity: CR values for all constructs are above 0.70. With the exception of
Perceived Risk, AVE values for all constructs exceed 0.50. Although the AVE value for the
Perceived Risk construct (0.46) is slightly below the threshold, convergent validity is con-
sidered established due to its high CR value (0.87) [79]. Nevertheless, this below-threshold
AVE should be interpreted with caution: perceived risk is a conceptually multidimen-
sional construct—spanning financial, safety, performance, and infrastructure facets—and
collapsing these facets into a single first-order factor likely attenuates the average vari-
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ance extracted. We therefore treat the perceived-risk measure as sufficiently reliable but
acknowledge its modest convergent validity as a measurement limitation (see Section 7.2).

Correlation analysis was performed to determine the direction and strength of the
relationships between the variables (Table 3). The results indicate that, as expected, there
are negative and significant relationships between Perceived Risk and the other variables
(Intention, Usefulness, Awareness). Conversely, positive and significant relationships were
observed among Intention, Perceived Usefulness, Environmental Concern, and Awareness.
The finding that these correlation coefficients are lower than the square roots of the AVE
values further supports discriminant validity, confirming that the constructs are distinct
from one another. This clear discriminant structure also bears on the question of common-
method bias: although a formal common-method test was not reported, the well-fitting
multi-factor solution and the distinctness of the constructs are inconsistent with a single
dominant method factor. Furthermore, because common-method variance tends to inflate
observed associations, it cannot readily account for the non-significant risk–intention path;
we nonetheless acknowledge the single-source, cross-sectional design as a limitation that
future studies should address through procedural and statistical remedies such as temporal
separation or marker variables.

Table 3. Correlation Analysis and Discriminant Validity (Fornell–Larcker Criterion).

Variables Mean SD PU PR PI ESC HEA

Perceived
Usefulness (PU) 3.81 0.66 0.762

Perceived Risk (PR) 2.49 0.67 −0.287 ** 0.678

Purchase
Intention (PI) 3.27 0.89 0.486 ** −0.139 ** 0.812

Env. & Social
Concerns (ESC) 4.13 0.69 0.647 ** −0.337 ** 0.340 ** 0.742

Hydrogen Energy
Awareness (HEA) 3.77 0.64 0.682 ** −0.268 ** 0.505 ** 0.696 ** 0.755

Note: ** p < 0.01; SD = Standard Deviation. Diagonal elements represent the square roots of the AVE values;
off-diagonal elements represent the correlations between constructs.

4.3. Structural Model Results

The structural equation model constructed to test the research hypotheses is presented
in Figure 2. The goodness-of-fit indices of the model indicate that the proposed structure
exhibits a good fit with the data.

 

Figure 2. Structural Equation Model with Standardized Path Coefficients. (Note: *** p < 0.001, n.s.:
not supported).
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The standardized path coefficients (β) and significance levels on the model are sum-
marized in Table 4. The analysis results reveal that ESCs have a very strong and positive
effect on HEA (β = 0.80, p < 0.001), thereby supporting H1.

Table 4. Structural Equation Model with Standardized Path Coefficients.

Hypothesis Path Std. β t-Value p-Value Result

H1 ESC → HEA 0.804 15.977 *** Supported

H2 HEA → PU 0.767 16.568 *** Supported

H3 HEA → PR −0.343 −7.935 *** Supported

H4 PU → PI 0.285 4.906 *** Supported

H5 PR → PI 0.033 0.915 0.360 Not Supported

Direct Effect HEA → PI 0.344 5.801 *** Significant
Note: *** p < 0.001. PU: Perceived Usefulness, PR: Perceived Risk, PI: Purchase Intention, HEA: Hydrogen Energy
Awareness, ESC: Environmental & Social Concerns.

When examining the impact of awareness (HEA) on outcome variables, it was ob-
served that awareness strongly enhances PU (β = 0.77, p < 0.001) and significantly reduces
PR (β = −0.34, p < 0.001). With these findings, H2 and H3 are accepted.

Regarding the determinants of PI, PU has a positive and significant effect on intention
(β = 0.29, p < 0.001); thus, H4 is supported. However, the effect of PR on purchase intention
was not found to be statistically significant (β = 0.03, p > 0.05). As seen in Figure 2, the path
coefficient from the risk factor to intention is negligible. Therefore, H5 is rejected.

Additionally, it was observed in the model that HEA has a direct positive effect on PI
(β = 0.34, p < 0.001).

4.4. Mediation Analysis

To test the sequential relationships and mediation mechanism (H6) within the research
model, the PROCESS Macro (Model 6) developed by Hayes [80] was utilized. The analyses
were based on 5000 bootstrap samples and a 95% confidence interval (CI).

The analysis results are summarized in Table 5. As seen in the table, the indirect effect
of the path Environmental & Social Concerns → Awareness → Perceived Usefulness → Pur-
chase Intention, tested for hypothesis H6, is statistically significant (Effect = 0.2542). Since
the lower and upper confidence interval values (BootLLCI = 0.1663; BootULCI = 0.3534)
do not contain zero, this mediation effect is confirmed. This finding demonstrates that
consumers’ environmental concerns translate into purchase intention through the chain of
awareness and perceived usefulness.

Table 5. Mediation Analysis Results (PROCESS Model 6).

Hypothesis Indirect Path Effect BootSE BootLLCI BootULCI Result

H6 ESC → HEA → PU → PI 0.2542 0.047 0.1663 0.3534 Supported
Note: ESC: Environmental & Social Concerns, HEA: Hydrogen Energy Awareness, PU: Perceived Usefulness, PI:
Purchase Intention. CI = 95%, Bootstrap sample size = 5000.

4.5. Supplementary Analyses: Relative Importance, Sensitivity, Moderation, and
Subgroup Robustness

To further probe the relative contributions of the cognitive and value-based predic-
tors of purchase intention—and to test the proposed Green Motivation mechanism—we
conducted three supplementary analyses, following the relative-importance and variance-
based sensitivity approach advocated by Owais et al. [81].
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First, a relative-importance analysis (LMG variance decomposition) was performed
for the regression of purchase intention on the four predictors (Table 6). Hydrogen energy
awareness (45.5%) and perceived usefulness (39.7%) jointly accounted for roughly 85% of
the explained variance, environmental and social concerns for 13.2%, and perceived risk
for only 1.7% (95% bootstrap CI [0.6, 5.3]).

Table 6. Relative importance (LMG) and variance-based sensitivity (random forest) of the predictors
of purchase intention.

Construct Relative Importance
(LMG, %) 95% Bootstrap CI Random Forest

(%IncMSE)

Hydrogen Energy Awareness 45.5 — 69.3

Perceived Usefulness 39.7 — 68.4

Environmental & Social Concerns 13.2 — 57.9

Perceived Risk 1.7 [0.6, 5.3] 38.3

Model R2 = 0.30; random-forest variance explained = 40.8%.

Second, a variance-based sensitivity analysis using a random-forest model (1000 trees)
corroborated this ranking: perceived risk was the least influential of the four constructs (per-
mutation importance, %IncMSE: awareness 69.3, usefulness 68.4, concerns 57.9, risk 38.3;
Table 6).

Third, a moderation analysis tested whether environmental and social concerns alter
the effect of perceived risk on intention (Table 7). The risk × concern interaction was signif-
icant and positive (β = 0.08, p = 0.001): as environmental concern increased, the deterrent
effect of perceived risk weakened further. Consistently, in a median split, perceived risk did
not significantly predict intention in either the low- (β = −0.03, p = 0.52) or high-concern
subgroup (β = +0.01, p = 0.79), whereas perceived usefulness remained a strong predictor
in both (β = 0.51 and β = 0.37, both p < 0.001).

Table 7. Moderation analysis: purchase intention regressed on standardized perceived risk, environ-
mental and social concerns, and their interaction.

Predictor β (Standardized) p

Perceived Risk −0.01 0.823

Environmental & Social Concerns 0.27 <0.001

Perceived Risk × Environmental Concern 0.08 0.001

Finally, to verify that these patterns are not an artifact of the sample’s demographic
profile, the model was re-estimated within demographic subgroups (Table 8). Perceived
usefulness remained a strong, significant predictor of purchase intention in every subgroup
(standardized β = 0.25–0.35, all p < 0.01), whereas perceived risk was not a significant
deterrent in any subgroup. The benefit-over-risk pattern is therefore robust to the sample’s
skew toward younger, more educated, and more technologically engaged respondents.

Taken together, these analyses indicate that perceived risk contributes negligibly to
purchase intention relative to usefulness and awareness, and that environmental concern
further attenuates its already minimal deterrent role—empirical support for the Green
Motivation Dominance pattern is interpreted below.
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Table 8. Robustness across respondent subgroups.

Subgroup n Perceived Usefulness β Perceived Risk β

Full sample 761 0.31 *** 0.01

Age 18–35 504 0.30 *** −0.02

Age 36+ 257 0.31 *** 0.08

Education ≤ high school 362 0.25 ** −0.04

Education undergraduate + 399 0.35 *** 0.02

Female 401 0.33 *** −0.01

Male 360 0.31 *** 0.03

Follows new technology 555 0.29 *** −0.03

Does not follow technology 206 0.32 ** 0.15 *
Note: Standardized coefficients from the regression of purchase intention on perceived usefulness, perceived
risk, environmental and social concerns, and awareness, estimated within each subgroup. Perceived usefulness is
significant in every subgroup; perceived risk is not a significant deterrent (negative predictor) in any subgroup.
* p < 0.05, ** p < 0.01, *** p < 0.001.

5. Discussion
This study investigated the mechanisms shaping consumers’ purchase intentions for

HFCVs in Türkiye’s developing hydrogen energy market through a model integrating
value-based and cognitive factors. The findings revealed results that not only support
established assumptions in the literature but also uncover a striking paradox regarding the
role of risk perception, thereby opening a new avenue for discussion.

5.1. Values Triggering Cognitive Processes

It was determined that Environmental and Social Concerns, the starting point of
the study, strongly trigger consumers’ Hydrogen Energy Awareness (H1). This finding
empirically validates the phenomenon of motivated cognition, discussed in the literature
within the context of VBN theory. The thesis proposed by Stern [35] and Liu and Wu [36],
suggesting that individuals engage in more active information seeking regarding issues that
align with their intrinsic values, is supported in our study. In other words, an individual
concerned about the environment does not remain a passive observer; rather, they exert
active mental effort to learn about solutions (such as hydrogen technology) capable of
alleviating this concern [33,52].

5.2. The Dual Role of Knowledge

Our model demonstrates that while increased awareness enhances Perceived Useful-
ness (H2), it significantly reduces Perceived Risk (H3). This result takes a clear stance in
the ongoing debate in the literature regarding the following question: does knowledge
increase risk or does ignorance? While some researchers [30,31] argue that as technical
knowledge increases, individuals might better grasp the explosive nature of hydrogen and
thus raise their risk perceptions, our findings align with the views of Hienuki et al. [20] and
Buchner et al. [67]. In the Turkish context, knowledge minimizes the fear factor by elimi-
nating uncertainty and fosters consumer trust in the technology. As consumers become
familiar with the technology, safety and infrastructure concerns give way to expectations of
tangible benefits.

5.3. Green Motivation Dominance and the Limited Role of Perceived Risk

The study’s most striking findings—the strong effect of Perceived Usefulness (H4)
and the non-significant effect of Perceived Risk (H5)—constitute the primary theoretical
contribution of this paper when evaluated together. At the same time, this non-significant

https://doi.org/10.3390/su18136864

https://doi.org/10.3390/su18136864


Sustainability 2026, 18, 6864 18 of 26

risk coefficient should not be interpreted solely as substantive risk tolerance; it may partly
reflect measurement factors, as perceived risk was modeled as a single, conceptually
multidimensional construct with modest convergent validity (AVE = 0.46), which can
attenuate its observed structural effect. Moreover, the difference between the significant
usefulness path and the non-significant risk path was not formally tested; the present
interpretation therefore rests on the individual significance of each path rather than on a
statistical comparison of their magnitudes.

First, Perceived Usefulness was found to be one of the strongest direct determinants
of purchase intention (H4). This finding aligns with the fundamental axiom of Davis’s [27]
TAM: people adopt what is useful to them. It also supports the view of Ansari et al. [15] and
Hou & Wang [32] that, in HFCV acceptance, concrete functional advantages such as long
range, fast refueling, and technological superiority are decisive alongside environmental
benefits. Consumers act with the motive of benefit maximization rather than risk avoidance
when making decisions.

This strong pull factor helps explain a central finding of the study. While many studies,
such as Scovell [23] and Bhirowo et al. [72], emphasize high cost and safety concerns as the
biggest barriers to HFCV acceptance, this barrier did not significantly shape intentions in
our sample. We interpret this pattern as Green Motivation Dominance. Consistent with
this account, the supplementary analyses (Section 4.5) show that perceived risk contributes
negligibly to purchase intention relative to usefulness and awareness, and that environ-
mental concern significantly attenuates the deterrent role of risk (risk × concern interaction,
β = 0.08, p = 0.001). While these analyses support the proposed pattern, the underlying
motivational mechanism is inferred from cross-sectional data and warrants confirmation
through longitudinal and experimental designs. This dominance further advances the
thesis of Gordon et al. [17], which suggests that strong environmental commitment over-
shadows financial concerns. Strong environmental values and the resulting high awareness
in consumers simultaneously elevate the value of technological superiority and functional
utility (H4) while raising the threshold for tolerating risks.

5.4. The Trajectory of the Decision-Making Mechanism

Finally, the mediation analysis (H6) revealed that the consumer’s decision-making
process is shaped by hope and benefit rather than fear. Environmental concerns are
transformed into intention through awareness and the chain of benefits. This confirms the
view emphasized by Ansari et al. [15] and Hou & Wang [32]—that perceived usefulness is
far more decisive than perceived risk in HFCV acceptance.

6. Implications
This study presents significant implications for both academic literature and industry

practices based on the empirical findings obtained.

6.1. Theoretical Contributions

Our study provides original contributions to the sustainable technology acceptance
literature in three main points:

Green Motivation Dominance and the Limited Role of Risk: It was observed in our
study that PU is one of the strongest direct determinants of purchase intention (H4) and
possesses a statistically high level of significance. This finding not only coincides with
the fundamental axiom of Davis [27] but also indicates that consumers demand HFCVs
not only because they are environmentally friendly but also because they offer tangible
superiorities such as long range, fast refueling, and technological innovation. As also stated
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by Ansari et al. [15] and Hou & Wang [32], consumers in the hydrogen vehicle equation are
motivated by the attraction factor rather than the fear factor.

In this context, the fact that PR has a non-significant effect on purchase intention
(H5) should be examined together with this strong role of Perceived Usefulness. Green
Motivation Dominance, defined in our study, is ensured not only by strong environmental
values overshadowing risk concerns (H3) but also by the functional benefit maximization
triggered by this motivation. In other words, consumers appear to weight gain-seeking
(usefulness) far more heavily than loss-avoidance (risk)—a pattern directly supported by
the relative-importance and moderation analyses reported in Section 4.5. This supports the
power of commitment to overcome technical concerns put forward by Gordon et al. [17]
in a multifaceted way against the deterrent effect of risk emphasized by Scovell [23] in
the literature.

Proving the Mediation Mechanism: The study revealed that the transformation of
environmental concerns into intention occurs not directly but through the Awareness →
Usefulness chain (H6). This result underscores the value of VBN-informed acceptance
models that link value-based antecedents to cognitive evaluations, rather than treating
value-based and cognitive perspectives in isolation. Environmental values alone are not
sufficient; these values need to be transformed into cognitive awareness and subsequently
into a concrete perception of usefulness, as also pointed out by Calik and Bayrakdar
Ates [14].

The Dual Function of Awareness: It has been shown that awareness simultaneously
increases usefulness and decreases risk, but the main determinant of intention is usefulness
increase, not risk decrease. This turns the needle clearly to the usefulness side in the debate
regarding risk reduction strategies versus usefulness emphasis in the literature [15,32]. For
the Turkish consumer, the determinant is the presence of usefulness, not the absence of fear.

6.2. Managerial and Policy Implications

The strategic roadmap for policymakers and automotive manufacturers managing the
transition process to hydrogen energy is as follows:

Our findings indicate that consumers focus on benefits rather than risks. Therefore,
marketing communications should avoid defensive language regarding safety assurances.
Instead, superior advantages such as long range, fast refueling, and zero emissions should
be aggressively prioritized. This approach aligns with the benefits emphasized by Fan
et al. [2] and Qian & Li [6]. A visionary and positive communication language will be
much more effective than risk mitigation efforts. At the same time, because hydrogen-
related safety incidents—though rare—tend to attract disproportionate media attention,
manufacturers and policymakers should proactively prepare transparent, fact-based risk-
communication and crisis-response protocols. Embedding credible safety information
within a benefit-led narrative, rather than leading with defensive reassurance, preserves
the positive framing while protecting public trust against isolated adverse events.

Cognitive Transformation through Education: The key point in the transformation
of environmental concern into intention is awareness. As suggested by Obenaus-Emler
et al. [52], not only advertisements but also interactive societal learning programs, science
centers, and test drives should explain what hydrogen technology is. As knowledge
increases, the perception of usefulness in consumers’ minds will automatically rise, and as
seen in our H3 finding, risk perception will spontaneously diminish.

Target Audience, Focusing on Green Pioneers: The current consumer profile (young,
educated, environmentalist) points to an audience whose strong environmental motivation
appears to outweigh risk concerns. Initial launch and market entry strategies should be
constructed upon these green pioneers, as stated in the typology of Gordon et al. [17],
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rather than the general public. This audience will serve as a lever in the diffusion of the
technology to society and create social proof.

7. Conclusions and Future Directions
7.1. Conclusions

This study analyzed the adoption process of HFCVs, which possess critical importance
in line with Türkiye’s decarbonization goals, through the chain of Environmental Concern
→ Awareness → Perceived Usefulness/Risk → Intention. Empirically, environmental and
social concerns strongly predicted awareness (β = 0.80), which in turn raised perceived
usefulness (β = 0.77) and reduced perceived risk (β = −0.34); perceived usefulness signifi-
cantly predicted purchase intention (β = 0.29), whereas perceived risk did not (β = 0.03,
p > 0.05), and the serial indirect path was significant (effect = 0.25, 95% CI [0.17, 0.35]).

The obtained results revealed that consumers’ purchase intention is driven by norma-
tive environmental values and benefit expectations rather than rational risk calculations.
Although awareness regarding hydrogen energy was effective in reducing consumers’ risk
perception, it was observed that this risk perception was not a determinant in the final
decision. This situation indicates that society holds a high level of trust toward HFCV
technology and that environmental motivations appear strong enough to tolerate techno-
logical uncertainties in this early-adopter sample. In summary, for potential users in the
Turkish market, hydrogen is positioned not as a feared unknown but as a desired solution
to environmental problems.

7.2. Limitations of the Study and Future Studies

The findings of this study should be evaluated within the framework of certain limitations.
Sampling Limitation: Data were collected via the convenience sampling method and

online channels. The fact that participants’ education levels and interest in technology
are above the general average of Türkiye suggests that the results reflect an early-adopter
audience rather than the general public. It is recommended that future studies be conducted
with stratified samples that are more heterogeneous and cover rural areas as well. In addi-
tion, because participation was voluntary and the subject matter was salient, respondents
already favorably disposed toward hydrogen technology may have been more inclined to
participate (self-selection); this, combined with the exclusive reliance on self-reported mea-
sures, may inflate the observed associations. As a direct check, the model was re-estimated
within demographic subgroups (Section 4.5, Table 8): the dominance of perceived use-
fulness and the negligible role of perceived risk replicated across age, education, gender,
and technological-engagement groups, indicating that the findings are not driven by the
sample’s profile. Future research should nonetheless complement convenience samples
with probability-based or stratified designs and, where feasible, with stated-preference or
discrete-choice experiments that reduce self-selection and social-desirability biases. Com-
bining such designs with machine-learning models and global sensitivity analysis would
further test the robustness and relative importance of predictors across heterogeneous
respondent profiles [81]. The findings should therefore be interpreted as characterizing
environmentally engaged early adopters rather than the general population.

Cross-sectional Data: The study has a cross-sectional design where data were collected
within a specific timeframe. Longitudinal studies are needed to monitor how consumer
perceptions change over time. Accordingly, although the structural model is specified
directionally on theoretical grounds, cross-sectional data establish association rather than
causation; the causal language used throughout should therefore be read as theoretically
motivated rather than empirically proven, and the proposed pathways require confirmation
through longitudinal or experimental designs.
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Intention–Behavior Gap: The study measured consumers’ intentions, yet it is known
that intention does not always translate into purchase behavior. In future periods, when
HFCVs become widespread in the market, conducting behavioral studies based on actual
sales data would make a significant contribution to the literature.

Construct scope: This study operationalizes a limited, VBN-informed and usefulness-
focused acceptance model rather than a full integration of Value–Belief–Norm theory or the
Technology Acceptance Model. Core VBN constructs—values, awareness of consequences,
ascription of responsibility, and personal norms—and the TAM constructs of perceived
ease of use and attitude were not measured. Incorporating these constructs is an important
direction for future research.

Variable Scope: Factors such as cost and infrastructure were addressed in the model
as a general structure under the umbrella of Perceived Risk. Future research incorporat-
ing specific variables such as price sensitivity or station access distance into the model
separately could explain in greater detail why risk perception emerged as non-significant.
Although the proposed Green Motivation Dominance pattern is now supported by relative-
importance, sensitivity, and moderation analyses (Section 4.5), its motivational interpreta-
tion remains inferential given the cross-sectional design and should be confirmed through
longitudinal or experimental work.
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Appendix A

Table A1. Scale Items. Please answer using the following scale: 1 = Strongly disagree, 2 = Disagree,
3 = Somewhat agree, 4 = Agree, 5 = Strongly agree.

Perceived Usefulness (PU)

PU1 Hydrogen-powered vehicles will cause less damage to the environment
PU2 Hydrogen-powered vehicles will help to ensure a more efficient use of energy resources
PU3 Hydrogen-powered vehicles will help reduce society’s carbon footprint
PU4 Hydrogen-powered vehicles will help reduce air pollution
PU5 Hydrogen-powered vehicles will have a longer range than other electric vehicles
PU6 Hydrogen-powered vehicles will enable me to save on fuel costs in the long term
PU7 Hydrogen-powered vehicles will reduce energy costs by reducing dependence on fossil fuels
PU8 Hydrogen-powered vehicles will offer a comfortable driving experience thanks to their quiet operation

Perceived Risk (PR)

PR1 Hydrogen is dangerous to use because it can explode
PR2 I believe the hydrogen infrastructure (sources) is inadequate, so a shortage of resources will be a problem in the future
PR3 Hydrogen refuelling stations will be very limited at first, and that poses a problem for me
PR4 I think the maintenance and repair costs of hydrogen-powered vehicles can be high
PR5 Fuel system faults in hydrogen-powered vehicles can lead to serious problems
PR6 I believe that the technological infrastructure for hydrogen-powered vehicles is not yet sufficiently mature

PR7 If many people were to buy hydrogen-powered vehicles, the cost of hydrogen–and consequently the price–would probably rise,
making them less attractive

PR8 The retail prices of hydrogen-powered vehicles will be high

Purchase Intention (PI)

PI1 I am seriously considering buying a hydrogen-powered car.
PI2 It is highly likely that I will buy a hydrogen-powered vehicle in the coming years
PI3 The more I learn about hydrogen-powered vehicles, the more I want to buy one
PI4 If hydrogen were affordable, I would like to buy a hydrogen-powered vehicle
PI5 I would prefer to buy a hydrogen-powered car rather than a conventional one
PI6 I think it would be a good idea to own a hydrogen-powered car
PI7 I would like to buy a hydrogen-powered vehicle because it is environmentally friendly

Environmental & Social Concerns (ESC)

ESC1 I am responsible for looking after the environment
ESC2 A clean environment is important to me
ESC3 Burning petrol or diesel produces greenhouse gases such as CO2, which contribute to climate change
ESC4 Protecting the environment by providing hydrogen energy is a responsibility
ESC5 Social responsibility requires support for hydrogen energy
ESC6 When making many decisions, the potential impact of actions on society and the environment must be taken into account

Hydrogen Energy Awareness (HEA)

HEA1 Hydrogen energy is one of the sustainable energy sources (Removed due to low factor loading (Factor loading: 0.257))
HEA2 Hydrogen energy can be used to meet domestic energy demand
HEA3 In order to meet the rapid increase in energy demand, hydrogen energy must be utilised effectively
HEA4 As the next generation of vehicles develops in the future, demand for hydrogen will increase
HEA5 Turkey is well-suited to the production of hydrogen energy
HEA6 Hydrogen energy is used as an alternative energy source in Turkey (Removed due to low factor loading (Factor loading: 0.200))
HEA7 Hydrogen energy could provide an extra monthly income (Removed due to cross-loading (Factor loading: 0.409))
HEA8 Hydrogen energy is more economical than fossil fuels (oil, coal, natural gas, etc.) (Removed due to cross-loading (Factor loading: 0.448)

HEA9 Hydrogen energy is more cost-effective than renewable energy sources (solar, wind, hydroelectric, etc.) (Removed due to a low factor loading (Factor
loading: 0.170))

HEA10 Hydrogen is an environmentally friendly energy source

HEA11 Hydrogen production and use will increase in line with international carbon emission policies and commitments under
relevant agreements

HEA12 Hydrogen energy will become a more popular choice due to growing individual responsibilities towards a sustainable world
HEA13 Ensuring the sustainability of hydrogen energy can be achieved through appropriate energy policies and regulatory frameworks

HEA14 There are adequate safety measures in place to mitigate the risks associated with using hydrogen fuel. (Removed due to cross-loading (Factor
loading: 0.488))
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