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Abstract 

Background There is a race to innovate, develop or create hydrogen production technologies to accelerate 
energy transition and create a hydrogen economy. Acceptance has been used in social science literature as a lens 
through which to anticipate possible challenges surrounding hydrogen technologies. However, very few studies 
problematize perceptions and focus on the production of hydrogen. Hence, this study aims to bridge these theo-
retical and empirical gaps using a mixed-method approach based on semi-structured interviews (n = 7) and a ques-
tionnaire survey (n = 73) to understand stakeholders’ perceptions of hydrogen production sources through a social 
construction of technology lens.

Results The findings suggest a tendency to favor hydrogen produced from renewable sources and to reject hydro-
gen produced from non-renewable sources. All the examined groups conform to this pattern. Their perceptions are 
based on prior knowledge of hydrogen technologies, with participants seeking information from specialized sources 
or from activities promoted by their organizations. Participants anticipate that hydrogen will be generated primarily 
through renewable energy sources and utilized where direct electrification is unfeasible. In addition, they envisage 
that the hydrogen economy will enhance energy democracy through representative participation in decision-making. 
Nevertheless, it is acknowledged that the topic is limited to certain social groups and kept away from the public eye. 
Furthermore, unlike the benefits, the perception of risk appears to have no impact on perceptions’ construction. High 
confidence in science appears to minimize the recognition of potential risks and bolster the recognition of potential 
benefits. There is, however, a lot of uncertainty about the possible real impacts of the hydrogen economy.

Conclusions There appears to be a collective perspective on hydrogen production sources, indicating the existence 
of social representations. Nevertheless, group attitudes and backing towards hydrogen vary. The participants iden-
tify hydrogen as a matter that remained unnoticed for over a decade, despite its prominent position in the policies 
and economic approaches of numerous countries. The topic has been relegated to third parties. This exclusion of civil 
society from decision-making may justify the NGO group’s critical stance towards hydrogen. Moreover, it suggests 
that energy democracy, which is based on information dissemination and participation, is not being achieved.
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Background
The world today faces multiple challenges and risks at 
different scales. Since the dawn of the Industrial Revo-
lution (eighteenth century), man-made activities have 
required an increase in energy production and use, caus-
ing an exponential rise in carbon emissions that leads to 
catastrophic risks for the environment and societies [1]. 
It is widely known that climate change is related to the 
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concentration of greenhouse gases (GHGs) in the atmos-
phere, usually emitted by the combustion and use of fos-
sil fuels, which alters the earth’s energy balance [1]. Thus, 
a sustainable energy transition is required, which involves 
shifting from a system heavily dependent on fossil fuels 
towards a more varied range of energy sources, especially 
reliant on renewable energy. This places hydrogen as a 
promising energy carrier at the forefront of technology 
development and international policymaking [2]. How-
ever, as stated by Sovacool [3], there is no magic formula 
for energy transitions, since each country and region has 
its own strategies according to the availability of its natu-
ral resources and its political and sociocultural contexts. 
This results in diverse paths and dynamics with different 
times and cost/benefit allocations among homeowners, 
consumers, corporations, governments, and other parts 
of society [3]. Transitions can embody or trigger social 
injustices from local to international levels [4, 5], espe-
cially when there is no vigilance, i.e., democratic partici-
pation [6].

International policies and agreements are in place, in 
which several countries have committed to achieving 
carbon neutrality by 2050 (for example, the Kyoto Agree-
ment (1997), the Paris Agreement (2015), the Climate Act 
(2021), and the recent Fit for 55 package (2021)). Further-
more, several factors have triggered the need to find low-
cost alternatives to fossil fuels and, consequently, bolster 
the race for technological innovation. These include the 
post-COVID-19 context, which places countries and 
people in situations of social and economic vulnerability. 
Therefore, “significant shares of countries’ stimulus funds 
have been earmarked for hydrogen projects, bringing 
hydrogen into the realm of geoeconomic competition.” 
[7]. Moreover, the ongoing Russo-Ukrainian war has 
jeopardized energy security concerns in countries reliant 
on Russian natural gas, which has prompted the recent 
energy crisis [7, 8].

It should be noted that the potential of hydrogen is not 
a novelty of the twenty-first century, as it has been used in 
certain industrial sectors (e.g., petrochemicals, refineries, 
etc.) for over 100 years [9]. Moreover, hydrogen has been 
regarded as a viable path for the energy transition since 
the 1970s oil crisis, but it has yet to gain ground [10–
12]. The costs and/or the lack of technologies for large-
scale hydrogen production are the main obstacles, since 
hydrogen is not available in its “pure” state and primary 
energy is required to extract it [2, 10, 13, 14]. Neverthe-
less, hydrogen has featured on the political and scientific 
agendas in the last decade [12]. In 2017, Japan emerged 
as the first country with a national hydrogen strategy. 
However, by 2022, more than 30 countries across all con-
tinents had launched or were preparing their own strat-
egies [7]. Therefore, significant efforts have been made 

to innovate or improve existing technologies to create a 
hydrogen market/economy (see [15]), but there are still 
limitations to overcome at economic, legislative, political, 
social and technical levels [13, 16–19].

When discussing hydrogen technologies, the focus 
is primarily on the technologies linked with produc-
ing, storing, and distributing hydrogen. According to 
van Renssen [20], there are four main types of hydro-
gen production. Each type is associated with a different 
color depending on the method of production: (i) gray 
hydrogen (currently the most used in industry, but its 
production is derived from fossil fuels, therefore, con-
tributing to  CO2 emissions); (ii) blue hydrogen (produced 
from natural gas, but with  CO2 capture and storage); 
(iii) green hydrogen or renewable hydrogen (produced 
through water electrolysis from renewable sources); and 
(iv) turquoise hydrogen (produced from methane pyroly-
sis). Although the agendas aspire to the predominance of 
hydrogen produced from renewable sources, according 
to the latest IEA annual report for 2022 [8], less than 1% 
of the hydrogen produced in 2021 was clean hydrogen, 
even if there is growth in this direction (a 20% increase in 
2021 compared to 2020).

This study was carried out under the European Union-
funded 112CO2 Project, which seeks to create an innova-
tive method for the production of low-carbon hydrogen 
through methane decomposition at low temperatures, 
whereby the carbon is converted to a solid state (tur-
quoise hydrogen). As such, this article is focused on 
hydrogen production sources (HPSs). Owing to the wide 
range of methods and technologies available for produc-
ing hydrogen, this paper focuses only on distinguishing 
between hydrogen produced from renewable (green) and 
non-renewable (non-green) sources, a distinction that is 
crucial as it significantly affects what the hydrogen econ-
omy will entail, and its associated consequences [21].

There is a discernible tendency towards conducting 
social analyses of perceptions and acceptance of hydro-
gen technologies [22–37]. However, the mode of pro-
duction and distribution of hydrogen has been largely 
neglected in social analyses, despite the considerable 
attention paid to its uses and applications in the exist-
ing literature [2, 37]. It follows that an important aspect 
has been overlooked, since “the choice of hydrogen pro-
duction technology determines the cost and carbon 
emissions of hydrogen energy” [17]. Moreover, most of 
the studies lack a theoretical framework and are mainly 
focused on social psychological perspectives [37].

Based on the premise that technology acceptance or 
rejection is rooted in social interpretation that results 
in perceptions [38, 39], the purpose of this study is to fill 
the gaps in theory and empirical evidence by providing 
insights into stakeholders’ perceptions of HPSs through a 
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sociological perspective based on the social construction 
of technology approach. It seeks to comprehend the per-
ceptions of hydrogen as predispositions to acceptance or 
rejection, as well as reflect on how structural factors may 
be linked to stakeholder’s interpretations. Thus, our aim 
is to answer the following research questions:

1. What are the perceptions of stakeholders regarding 
hydrogen?

2. How are stakeholders’ perceptions constructed?

Literature review
Social construction of technology approach
Within the Sociology of Technology, there are two 
opposing approaches: the technological determinism and 
the social construction of technology (SCOT) [40]. For 
the deterministic approach, the main argument is that 
society and technology are two separate spheres, and that 
technological change occurs independently of social and 
cultural aspects [41]. Technology, as a neutral product, is, 
therefore, autonomous and plays a crucial role in social 
development. Critical of technological and economic 
determinism, the SCOT perspective argues that technol-
ogy as a culturally constructed artifact, i.e., a man-made 
construction [41], is bound and shaped by the social, eco-
nomic, political, and cultural environment in which it is 
situated. Technology is thus seen as a product of human 
action and social interpretation. However, social con-
structivists do not deny the causal relationship that tech-
nology may have in shaping society but argue that the 
two are mutually constitutive.

Pinch and Bijker [42] proposed the SCOT conceptual 
framework for the analysis of technological and innova-
tion processes in the 1980s, using an ethnographic meth-
odology. The authors outlined five main interrelated 
components of SCOT, namely: interpretive flexibility, 
relevant social group, technological frame, closure and 
stabilisation, and wider context. The concept of interpre-
tive flexibility suggests that technology design and devel-
opment is an open process that can produce different 
outcomes due to the multiple interpretations and mean-
ings that social actors can attach to the artifacts. Conse-
quently, this element implies the analysis of discourses to 
extract the perceptions of the relationship between social 
actors and technology.

According to the authors [42], the concept of a relevant 
social group is linked to the embodiment of certain inter-
pretations and suggests that “all members of a certain 
social group share the same set of meanings, attached to 
a specific artifact”. Thus, the process of technology devel-
opment involves friction, negotiation, and consensus, as 
multiple social groups may embody different interpreta-
tions and interests of a particular technology [40]. In this 

sense, it is crucial to identify and consider which social 
groups social actors are involved in.

In short, technology development depends on power 
relations and social dynamics between and within social 
groups, where some can influence the final decision 
about a technology and whether a particular technology 
is accepted or rejected. This is linked to the other element 
of the SCOT framework, which relates to the techno-
logical frame, a concept which suggests that a collective 
interpretation of an artifact is created when a group 
begins to interact around it, sharing “some common 
characteristics in the way they perceive an artefact and 
attribute meaning to it” [43]. When the relevant social 
groups agree on a solution to a technology problem, and 
it is perceived as being solved, the technology reaches the 
stage of closure and stabilization [44]. Pinch and Bijker 
[42] suggest that closure can occur through rhetorical 
and redefinition mechanisms. However, this is a non-lin-
ear process that involves conflicts of interest and contro-
versies in imposing a dominant vision [45].

The SCOT approach has been criticized for its con-
cepts, methodology, ontological position, and historical 
accuracy, as well as its political, ethical and normative 
stance [43]. Some critiques towards the original approach 
are related to its failure to consider the temporal and 
socio-historical context preceding a technology’s emer-
gence. Moreover, there has been criticism of the overem-
phasis on the individual and disregard for the constraints 
imposed by the social structures, including social group 
backgrounds and power imbalances within and between 
them, all rooted in structural features of social life [40]. 
As has been noted by some authors [46, 47], decision-
making involvement in technology is not equally dis-
tributed, with some groups or elements being entirely 
excluded. It is important to consider the presence of 
social inequalities in the technology and innovation 
fields. Therefore, it is crucial to address this issue in the 
context of energy transition and hydrogen.

These criticisms have unveiled new avenues for analysis 
and reinforced the approach with novel elements, con-
cepts, and techniques. By employing this approach, we 
aim to explore what lies beyond the boundaries of per-
ceptions of HPSs.

The role of perceptions on hydrogen acceptance 
or rejection
The successful implementation of hydrogen technologies 
depends on political decisions, markets and, ultimately, 
the stakeholders and public acceptance towards emerg-
ing technologies [48]. According to Schönauer and Glanz 
[49], acceptance or rejection is subject to individual or 
group interpretation and is manifest through behavior. 
That leads, in line with Bharadwaj et al. [14], to an active 
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(“which may include specific actions, engagement or 
forms of participation via citizen initiatives”) or passive 
acceptance (“where there is no active resistance”). Fur-
thermore, acceptance or rejection is rooted in percep-
tions. Ultimately, perceptions and behaviors are shaped 
by the attitudes and subjective norms of social actors 
[50].

Social science studies have covered hydrogen accept-
ance and explored the factors that may be related and 
influence perceptions [37], namely, sociodemographic 
and organizational aspects, expectations, technological 
imaginaries, knowledge, and subjective stance [37].

Sociodemographic factors seem to play a crucial role in 
shaping perceptions and acceptance beyond contextual 
factors. Research suggests that younger, highly educated 
male participants tend to be more accepting of hydrogen 
technologies [51, 52]. However, there is some discrep-
ancy in the findings about the importance of sociodemo-
graphic factors in perceptions’ construction [37].

Furthermore, the source of hydrogen production seems 
to impact the acceptance or rejection of technologies, 
with greater acceptance of hydrogen produced from 
renewable sources. Bentsen et al. [53], reveal that public 
support for blue and gray hydrogen amongst Norwegians 
decreased upon knowing that these hydrogen produc-
tion sources are derived from coal, oil, or natural gas. The 
authors [53] further recommend that governments and 
technology developers prioritize transparent communi-
cation about hydrogen production methods to prevent 
distrust and potential public backlash.

Upham et  al. [54] have illustrated that shared expec-
tations and social representations about hydrogen tech-
nologies fluctuate in communication processes through 
rhetoric.

Moreover, the authors [54] assert that technological 
expectations are influenced by the sociotechnical, cul-
tural, political, economic, and organizational context 
within which actors operate. In other words, stakehold-
ers’ perceptions are constantly shaped, namely, by the 
political, corporate, scientific, and public imaginaries 
about technologies, which may focus more on their ben-
efits or risks [16, 18, 55–59].

Previous studies have indicated that perceived risks 
can have a negative impact on acceptance, outweigh-
ing the potential benefits [37, 60]. A literature review by 
Scovell [60] found that the inclusion of risk perceptions 
has increased since 2016 in studies on the acceptance of 
hydrogen, especially on its use in vehicles [30]. However, 
according to the findings of Ricci et al. [23], the concept 
of “public acceptance” goes beyond risk perceptions, 
encompassing broader issues of context, environment, 
and the relationship of hydrogen to energy. In addition, 
studies indicate a strong positive correlation between the 

acceptance of hydrogen by individuals and its perceived 
benefits, despite low levels of knowledge [23, 37, 60, 61].

Sherry-Brennan et al. [61] contend that it is necessary 
to understand the public’s perceptions in order to under-
stand why they tend to have positive attitudes towards 
hydrogen, despite their lack of knowledge on the mat-
ter. The authors [61] used the theory of social represen-
tations of hydrogen and show that scientific knowledge, 
common sense, and emotions are involved in these 
representations, concluding that knowledge per se is 
not predictive of support for hydrogen. On this line of 
thought, perceptions can be mainly based on inductive 
factors [62]. Several studies have noted the importance 
of subjective stance on perceptions and, subsequently, 
on acceptance and rejection of a technology. Among this 
dimension, positive attitudes towards hydrogen and high 
environmental concerns are indicated as strong predic-
tors of acceptance and of a supportive behavior [63].

Understanding the relationship between these variables 
in shaping stakeholder perceptions of HPSs is, therefore, 
crucial. Nonetheless, only a limited number of studies 
have been dedicated to investigating this relationship 
(e.g., [35, 64]).

Methods
Methodology
Bearing in mind the context and aims of this study, our 
methodological approach comprised two main stages: (1) 
identification of potential stakeholders to be consulted; 
and (2) eliciting their perceptions through semi-struc-
tured interviews and questionnaire survey. We employed 
a convergent and mixed methodological strategy to 
address our research questions. To ensure triangula-
tion of data, we utilized corresponding dimensions and 
categories in both qualitative and quantitative phases. 
Table  1 summarizes the included dimensions, namely, 
sociodemographic characteristics, organizational level, 
expectations, technological imaginaries, knowledge and 
subjective stance. On one hand, qualitative methods pro-
vide a deeper understanding of the dimensions under 
analysis [65]. On the other hand, quantitative methods 
allow a great number of social actors from diverse groups 
to be reached and the analytical dimensions to be meas-
ured, strengthening the analysis.

We assume that the construction of perceptions results 
from the relationships between the dimensions and sub-
sequently their categories identified in Table 1.

Stakeholder’s identification and categorization
Stakeholders are individuals or groups who may have any 
kind of participation or interest, i.e., a “stake”, in a situa-
tion, project or organization. This study takes the concept 
of external stakeholder proposed by Freeman [66] as its 
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reference, understood as any group or individual exter-
nal to the 112CO2 project that can affect or be affected 
by the achievement of the project’s goals. In this study, 
the only criterion considered for identifying and consult-
ing with stakeholders was their involvement in the energy 
sector.

To mitigate potential biases in the sample, we employed 
three techniques to identify stakeholders. Initially, an 
informative survey was conducted among internal project 
partners from January to April 2022 to gather the names 
and contacts details of potential external stakeholders, 
resulting in the identification of 46 external stakehold-
ers. Subsequently, we carried out further research by 
searching the list of projects funded by the European Cli-
mate Initiative (EUKI) on the Internet. A wider range of 
stakeholders was identified through this further search. 
A total of 305 stakeholders, largely associated with non-
profit entities, such as NGOs, associations, foundations, 
and non-profit research centers from 32 countries, were 
identified. In addition, the interviews and survey also led 
to snowball sampling to identify a further 62 stakehold-
ers who were then sent a hyperlink to complete the ques-
tionnaire survey. In the end, our database contained 367 
identified stakeholders.

To identify the potential stakeholders, we considered 
15 categories. The categorization was determined by 
authors, à posteriori, based on the information available 

from each stakeholder website. The classification had the 
following criteria: public/private; profit/non-profit; rela-
tionship with hydrogen field; relationship with academia; 
and mass media. For the category “others” the infor-
mation available was not conclusive according to our 
criteria.

Despite the effort, only 80 stakeholders were consulted, 
7 through interviews and 73 through an online survey. 
This limitation could be explained by the team’s lim-
ited resources and reflects the challenge of reaching key 
informants.

In the following sections, the stakeholders who par-
ticipated in the interviews are referred to as “interview-
ees” (I) and those who responded to the survey are the 
“respondents”.

Semi‑structured interviews
To account for the subjective dimension associated with 
the object of study, 13 stakeholders in Portugal belong-
ing to the groups labelled “associations” and “non-gov-
ernmental organizations” working in the field of energy 
and/or hydrogen were contacted between April and June 
2022 to conduct semi-structured interviews via Zoom 
or Teams. The selection of stakeholders was limited to 
Portugal, the country that coordinates the research, due 
to resource limitations. These stakeholders can play rel-
evant roles in civil society, particularly: organize interests 

Table 1 Dimensions, categories and indicators included in the semi-structured interviews and questionnaire survey

Dimensions Categories Indicators Dimension description

Sociodemographic characteristics Gender Male, female, other Characteristics of social actor regarding gen-
der, age and educational attainment levelAge Age number

Educational level Before tertiary education; undergraduate 
degree; master’s degree; doctorate/post-
doctorate

Organizational level Country Country’s name Organizational context to which the social 
actor belongs, including the country of their 
organization, the group that is associated, 
and the organization’s concerns and actions 
towards energy transition and hydrogen

Group NGO; Political Sector; Associations; Mass 
media; Hydrogen Consumers; Solid-State 
Carbon Consumers; Non-profit Research 
Centers; Other

Organizational sustain-
ability awareness

Concerns; actions

Expectations Governance Public participation Expectation is a belief about what might 
happen in the future

Technological imaginaries Perceived benefits Technical; environmental; economic; social The risks and benefits associated with hydro-
gen technologiesPerceived risks Technical; environmental; economic; social

Knowledge Familiarity Hydrogen types; policies Knowledge is defined as the degree 
of familiarity and proximity to energy transi-
tion and hydrogen issues

Sources of information Specialized, non-specialized and institu-
tional sources

Trust Media; policy decision makers; science

Subjective stance Attitudes Positive; negative; neutral Refers to the positive, negative, or neutral 
subjective assessment towards overall 
hydrogen and hydrogen source of produc-
tion

Financial support Positive; negative; neutral
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clearly; make political and authorities’ actions suscep-
tible to scrutiny; establish bonds of trust with citizens; 
and foster more inclusive, rational and deliberative pub-
lic debates [67]. Another justification for using the label 
“associations” is related to the fact that these stakehold-
ers represent others listed in our database. We were 
able to conduct interviews with 7 of the 13 stakeholders 
contacted.

The semi-structured interview guide1 was built on the 
basis of open questions to analyze the subjective issues 
and social constructions regarding the energy transition, 
hydrogen and HPSs. Therefore, this type of interview is 
flexible and allows the information deemed relevant to be 
captured [65].

The interviews totaled approximately 5.7  h, corre-
sponding to an average of 49  min per interview. They 
were partially transcribed, and the data were analyzed 
using the qualitative content analysis, “as a research 
method for the subjective interpretation of the content 
of text data through the systematic classification process 
of coding and identifying themes or patterns.” [68]. The 
coding process had as its unit of analysis the predefined 
dimensions (see Table 1).

Questionnaire survey
To reach more stakeholders from other groups and coun-
tries, as well as to complement the qualitative analysis, 
a questionnaire survey was developed by the authors 
through Google Forms format. It consisted of 19 ques-
tions most rated on a 5-point Likert-type scale to meas-
ure stakeholder’s expectations, knowledge, technological 
imaginaries, and subjective stance towards hydrogen and, 
specially, HPSs.2

The instrument was validated by peers and by internal 
partners of the 112CO2 project. The questionnaire was 
sent by email to all stakeholders in our database (N = 305) 
between July and December 2022, with follow-up emails 
every 2 weeks. Only 52 stakeholders answered the survey, 
which may reveal the difficulty in contacting stakeholders 
involved in the hydrogen economy, as it is not yet a sta-
bilised field compared to the wind industry, for instance. 
To gather more responses, the team shared the ques-
tionnaire survey on the 112CO2 project’s social media 
(namely, LinkedIn, Instagram, Facebook, and Twitter) 
between October and December 2022, gathering 21 addi-
tional responses. This, in turn, affected the data collected, 
since the authors did not control who had access to the 
project’s social media and, therefore, who the respond-
ents were.

The data were analyzed using IBM SPSS Statistics 
software, which facilitated the performance of uni- and 
bivariate analyses, as well as nonparametric tests. The 
purpose was to ascertain inter-relationships between the 
analyzed dimensions and to test for variations among dif-
ferent stakeholder groups. Initially, a Cronbach’s Alpha 
reliability test was conducted to determine whether the 
analyzed items could be clustered into a single scale (see 
Additional file  1). Furthermore, after conducting scale 
reliability tests, a nonparametric Kendall’s Tau-b correla-
tion was used to examine only the associations between 
the variables of hydrogen source production and hydro-
gen subjective stance (see Additional file 2). The subjec-
tive stance comprises attitudes and support. This test was 
selected because our sample size is small and does not 
follow a normal distribution, as indicated by Shapiro–
Wilk test p values lower than 0.05 (i.e., p =  < 0.001), and 
because we are using ordinal scales.

In order to understand whether there are differences 
between the groups of stakeholders in our sample, we 
performed the Kruskal–Wallis test, a non-parametric test 
that serves to assess the differences among three or more 
independent groups [69]. It is particularly important to 
determine whether there are differences regarding per-
ceptions of hydrogen among groups. To determine group 
differences, an independent samples non-parametric test 
was conducted (see Additional file 3). Due to a minimal 
number of elements in some groups (n = 3), the analysis 
will only be performed on the variations between NGOs, 
the political sector, hydrogen consumers, and non-profit 
research centers. While the "other" group has an ade-
quate number of elements for the test (n = 11), we will 
exclude it from analysis due to the unknown stakeholder 
involvement. Non-parametric tests were carried out to 
investigate differences in subjective attitudes towards 
hydrogen by gender, age, education and country (see 
Additional file 4).

It is also important to acknowledge the need for further 
analysis for a more comprehensive and robust examina-
tion of the issues in question. Nevertheless, this research 
has an exploratory nature, and the data gathered does 
not permit in-depth analysis. Although our sample is not 
representative and does not allow generalizations, the 
results are still relevant and important to bridge scientific 
literature.

Results
Sociodemographic characteristics
Table  2 provides summary information regarding the 
sociodemographic characteristics of the interviewees and 
respondents (N = 80).

Nearly all stakeholders (approximately 97%, n = 78) 
hold a bachelor’s degree or higher. In addition, roughly 

1 The interview guide is available upon request.
2 The data collection instrument is available upon request.
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71% (n = 57) of stakeholders identify as male, potentially 
reflecting persistent gender inequality in the energy field. 
The average age of interviewees and respondents is 53 
and 43  years, respectively, with the median age closely 
aligning with the corresponding averages.

Organizational level
Regarding the organizational level, most of the stakehold-
ers are affiliated with NGOs and to Non-profit research 
centers (see Table  3) especially in Portugal, Germany, 
Spain, Hungary, and Poland (see Table 4).

To bring these issues into the public eye, all the inter-
viewees state that the institutions to which they are affili-
ated carry out activities that mainly involve promoting 
debates among social actors capable of monitoring and 
influencing political actions. Regarding the hydrogen 
agenda, 5 of the 7 interviewees revealed that their organi-
zation tended to promote activities that are directly 
related to this emerging issue, where strategies and politi-
cal decisions are discussed, and the benefits and ambigui-
ties of this energy paradigm are pointed out.

The survey data also shows a concern with efforts to 
move the energy transition forward, with most respond-
ents stating that their organizations/companies are con-
cerned about energy transition issues (~ 85%, n = 62) 
and promote actions for this purpose (~ 86%, n = 63), as 
shown in Fig. 1.

Expectations
All interviewees thought that energy transition is inevi-
table, although they recognize that it remains “com-
plicated” (I1) and a “demanding problem” (I7), which 
involves “different perspectives” and “asymmetries” (I2). 
Thus, the transition should also “prioritize direct and 
indirect renewable electrification” (I4) and provide “on the 

Table 2 Sociodemographic characterization of the interviewees 
and respondents

Interviews
n

Questionnaires
n

Gender

 Male 7 50

 Female 0 23

Total 7 73

Age

 < to 35 1 23

 36–45 1 23

 46–55 2 13

 56–65 2 13

 More than 66 1 1

Total 7 73

Educational attainment level

 Before tertiary education 0 2

 Undergraduate degree 2 5

 Master’s degree 4 40

 Doctorate/Post-doctorate 1 26

Total 7 73

Table 3 Institutional affiliation of the interviewees and 
respondents

*No interviews were conducted

Institutional Belonging Interviews
n

Questionnaires
n

NGO 1 16

Political Sector * 6

Associations 6 2

Mass media * 1

Hydrogen Consumers * 3

Hydrogen Producers * 1

Solid-State Carbon Consumers * 1

Non-profit Research Centers * 32

Other * 11

Total 7 73

Table 4 Country of institutional belonging of the interviewees 
and respondents

*No interviews were conducted

Country Interviews
n

Questionnaires
n

Germany * 6

Germany and South Africa * 1

Austria * 1

Bulgaria * 3

Czech Republic * 1

Croatia * 1

Slovakia * 1

Slovenia * 3

Spain * 5

Estonia * 3

Europe * 1

Greece * 1

Hungary * 4

India * 1

Lithuania * 1

Poland * 4

Portugal 7 29

Qatar * 1

Romania * 5

Serbia * 1

Total 7 73
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part of public policies, the necessary signals for decarboni-
zation to happen” (I5). From a different perspective, there 
is an argument that fossil fuels are essential for the energy 
transition process due to the absence of viable alternative 
technologies and to ensure the supply of energy:

“We are in fact witnessing an evolution and the 
trend is for this evolution to be more accelerated and 
we still think it should be a transition and not dis-
ruption. (...) [but] I can’t stop using energy sources 
that today we consider polluting, (...), but which are 
essential (...) as long as we don’t have any alternative 
forms.” (I6).

Therefore, according to certain interviewees, political 
powers must scrutinize various approaches towards the 
energy transition meticulously in order to “make use of 
all possibilities” (I2). However, the main expectations fall 
on renewable energy sources.

The interviewees expect that besides electrification, 
renewable energy usage and political responsibility, other 
environmental and social issues should also be consid-
ered. Therefore, it is stated that the energy transition 
should be conducted in an “integrated” (I6) and “fair 
manner” (I3), guided by the notion of energy justice and 
citizen involvement. The energy transition is expected 
to foster the transformation from a vertical model to a 
decentralized model of electricity production and con-
sumption, “where consumers can be producers and vice 
versa” (I3), that is, energy democratization.

Hydrogen is considered a promising alternative for 
sectors where electrification is not feasible, accord-
ing to the interviewees. However, all interviewees 
envisaged the utilization of hydrogen generated from 
renewable energy sources, namely, green hydrogen. 
Nonetheless, it is expected that the exclusive focus 

will not be on green hydrogen, considering the poten-
tial risks inherent in such a decision. There is a need to 
consider alternative technologies that have the poten-
tial to offer additional advantages, especially due to the 
limitations of green hydrogen to scale up.

The interviewees also expect: the development of 
public policies; an increase in the production of renew-
able electricity for green hydrogen production; a 
decrease in hydrogen production costs; the creation of 
economic mechanisms; the creation of a market; large 
investments in hydrogen projects and restructuring 
of the infrastructure for its introduction; and greater 
involvement of civil society in this matter, since it has 
been left to third parties, such as energy corporations 
and policy makers.

“I think hydrogen is our future, there will have to be 
major investments in optimizing its production, its 
handling, the introduction of a system when we talk 
about pipelines, its use for other purposes ...” (I7).
"Well, because in fact one thing we see is that hydro-
gen (the way it’s being introduced) goes through the 
same players as always (…) [it is necessary] to cre-
ate a European network of civil organizations, which 
can in some way serve to strengthen the participa-
tion of civil society in the hydrogen debate.” (I5).

Converging with the expectation of democratizing 
the energy system, respondents gave their opinion on 
the importance of involving various social actors in 
hydrogen decisions, considering it “important” or “very 
important” to involve all actors, although they prior-
itize the participation of scientists, politicians, and 
entrepreneurs (see Fig.  2). The data demonstrates that 
respondents from diverse groups and nations aspire 
towards participatory governance.
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Technological imaginaries
The current dimension is assessed on the basis of the 
benefits and risks that stakeholders attribute to hydro-
gen technologies. The question of the benefits and risks 
of the hydrogen agenda is very present in the interview-
ees’ answers. As we can see in Table 5, benefits essentially 
have to do with economic, environmental, and technical 
benefits (for more details see Additional file 5).

The benefits are primarily in relation to the notion 
that hydrogen is a clean energy carrier that can facili-
tate decarbonization due to its unique properties. Only 

hydrogen produced from renewable sources was dis-
cussed when the topic of hydrogen benefits was raised. 
According to the interviewees, the hydrogen molecule 
has several important properties, such as its inexhaust-
ibility, storage capacity and the ability to provide clean 
energy without emitting pollutants. As such, it can fos-
ter the decarbonization of several sectors where direct 
electrification is not possible, thus representing a pos-
sible replacement for fossil fuels. The consequent ben-
efits are related to the possibility of strengthening and 
complementing the national energy system at the level 
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Fig. 2 Degree of importance of participation of various stakeholders in decisions about hydrogen (%, n = 73)

Table 5 Benefits and risks perceived by the interviewees

Perceived benefits Perceived risks

Economic benefits
 Creation of a new value chain
 Competitive cost (green H2)
 Use of existing infrastructures

Economic risks
 Large investment and uncertainty
 Energy dependency (if countries must import, 
for instance, natural gas for hydrogen produc-
tion)

Technical benefits
 Flexibility of use (various sectors where electrification is not possible)
 Storage capacity
 Solution for the decarbonization of sectors that are difficult to electrify
 Increasing the security of the energy system

Technical and technological risks
 Technical and human failures
 Implementation of technologies
 Handling of hydrogen
 Accidents
 Transport

Environmental benefits
 Replacement of fossil fuels in industry and mobility as a clean fuel
 Decarbonized/clean and inexhaustible energy carrier
 Possibility of being produced in a green and environmentally clean way
 The ability to provide clean energy without emitting pollutants, producing only water vapor

Environmental risks
 Resource scarcity
 Impacts on biodiversity

Social risks
 Public concerns
 Conflicts of interest
 Dependence on political will
 Misinformation
 Creation of new needs
 Territorial occupation without defined criteria
 Non-efficient use of hydrogen
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of renewable energies, increasing the security of energy 
supply, and creating a value chain with (green) hydrogen 
production at competitive costs.

In turn, there was some difficulty in identifying the 
risks of hydrogen. Even so, interviewees identified risks 
characterized as being the product of human action, 
namely, technical, social, environmental, and economic 
risks.

The risks primarily stem from the outcomes that can 
result from hydrogen strategy decision-making, specifi-
cally the absence of transparency in the processes. This 
could potentially lead to conflicts of interest and misin-
formation. In addition, there is a danger of ineffective 
hydrogen utilization if countries prioritize exports over 
domestic supply.

Concerns have been raised regarding the production 
of hydrogen through renewable energies and fossil fuels 
in the context of HPSs. One concern is the potential 
requirement for a substantial expansion of renewable 
energy megaprojects to meet the demand for hydrogen, 
which may result in detrimental consequences on biodi-
versity (such as bats), landscapes, or even prompt newly 
emerging needs arising from water consumption for 
electrolysis. Another issue is about the production of 
hydrogen from fossil fuels as this may perpetuate energy 
dependencies and the associated social, economic, politi-
cal, and environmental implications, including resource 
scarcity and public opposition.

The quantitative data aligns with the qualitative 
results. More than 50% of survey respondents agree that 

hydrogen has environmental, technical and economic 
benefits (see Fig. 3). However, there is a stronger percep-
tion that environmental risks are minimal, while techno-
logical risks are uncertain and economic and social risks 
are ambiguous.

Despite potential risks, interviewees and respondents 
expressed low concern regarding hydrogen due to their 
belief in its benefits. In addition, stakeholders assume 
that science can mitigate the potential risks, stating that 
risks are acceptable for future generations.

Knowledge
During the interviews, stakeholders said that discus-
sions about hydrogen are recent, and limited to certain 
groups. There remains a significant lack of knowledge 
about hydrogen and its technologies, particularly among 
members of the general public (I1, I5, I7). The distanc-
ing of the public from the topic can be attributed to its 
technicality as well as the limited promotion and discus-
sion in the media. In addition, the lack of direct impact 
of hydrogen technologies on everyday life is considered a 
contributing factor (I1, I3). The survey findings are con-
sistent with those expressed by the interviewees. Over 
70% of the respondents reported their disagreement with 
the statement, "Hydrogen is a well-known topic in my 
country".

As our sample consists of stakeholders who are rela-
tively close to hydrogen issues, it is not surprising that the 
level of knowledge about hydrogen is relatively high. The 
survey data shows that the respondents are familiar with 
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Fig. 3 Benefits and risks associated with hydrogen by respondents (%, n = 73)
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HPSs, with almost 30% (n = 21) having “some knowledge” 
and almost 55% (n = 40) being “well or extremely aware” 
of them. Specifically, the data indicates greater knowl-
edge of green hydrogen, followed by blue hydrogen and 
gray hydrogen. However, there is less familiarity with tur-
quoise hydrogen, which is produced by methane decom-
position (see Fig. 4). Based on this, we can assume that 
perceptions about hydrogen and HPSs have some sort of 
factual basis.

Moreover, although there has been a development 
in the policy agenda for hydrogen, a vast majority of 
respondents (56.2%, n = 41) displayed minimal knowl-
edge of both national and international public policies 
regarding hydrogen.

In our quest to discover sources of information on 
hydrogen, we observed a pattern in the sources that 
respondents utilized to access information on the sub-
ject (refer to Fig. 5). Scientific articles, conference papers, 
technical journals, and information disseminated by 

national and European Union authorities were cited as 
preferred sources for gaining insights about the hydro-
gen agenda, whereas general media channels were less 
frequently used. Similarly, interviewees considered that 
the mass media seldom provides information about this 
energy paradigm. As such, they acquire knowledge about 
hydrogen issues primarily from organization-promoted 
debates and events and scientific articles.

We aimed to evaluate the reliability of the media, 
political decision-makers, and science in their respec-
tive roles of reporting news, making decisions, and 
finding solutions. Our analysis focuses on the level of 
trust that stakeholders place in these entities. Regard-
ing trust in the information provided in the media 
about hydrogen, almost 50% (n = 36) of the respond-
ents say they have no opinion, while 28.8% (n = 21) are 
suspicious, and the remaining 21.9% (n = 16) say they 
trust the information transmitted by the mass media. 
Therefore, the frequency of seeking information about 
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hydrogen by respondents can be related to both issues 
of trust and the regularity of disseminating hydrogen 
news outside of technical circles. Almost half of the 
respondents (49.3%, n = 36) lack a definite perspective 
on trusting political decision-makers to implement 
hydrogen-related decisions, despite acknowledging the 
interconnectedness of hydrogen and political agen-
das. On the other hand, there is a high level of confi-
dence in science to solve problems related to emerging 
technologies.

Subjective stance
Overall, interviewees and respondents expressed positive 
attitudes towards hydrogen. In this line, ~ 71% (n = 52) 
of the respondents consider that the use of hydrogen is 
an environmentally clean option and up to 80% (n = 59) 
support hydrogen investments in their country. Fig-
ure  6 illustrates the support of financial investments in 
hydrogen technologies by stakeholders in their coun-
try. Despite overall support, some stances against are 
expressed mainly by stakeholders from Eastern and 
Southern Europe.

However, as a critical factor in determining the viabil-
ity of hydrogen technologies and the hydrogen economy, 
the source of hydrogen production was emphasized. 
Interviewees state a preference for hydrogen produced by 
renewable sources (especially green hydrogen):

“We are completely in favor of using hydrogen to fuel 
consumption where direct electrification is not pos-
sible, provided that this hydrogen is a green hydro-
gen, which means that it is always obtained through 
water electrolysis, using electricity from renewable 
sources.” (I4).

In turn, hydrogen produced from non-renewable 
sources (e.g., gray hydrogen) it is contested:

“(...) traditional hydrogen, which is produced from 
fossil fuels and is practically all the hydrogen that 
is produced today, and which we want to end (...). 
We should end it.” (I5).

The use of non-renewable sources for hydrogen pro-
duction is also contested, even if the technology aims 
to capture  CO2 emissions and to produce clean or low 
carbon hydrogen (e.g., blue hydrogen). Interviewees 
expressed some resistance regarding blue hydrogen 
since its production is based on natural gas, which 
means that energy dependence on fossil fuels persists—
as well as all the social and environmental related 
issues.

“I think that internationally [blue hydrogen] is not 
really the vision that has been predominant and 
what is currently happening within the constraints 
of energy dependence, namely, the case of natural 
gas, means that these forms of hydrogen can be dis-
regarded, [–-] also because there are large associ-
ated investments. It is not really the solution that 
we are considering”. (I1).

Regarding hydrogen that could be produced from 
both renewable and non-renewable sources (e.g., tur-
quoise hydrogen), some interviewees share a tendency 
to accept it. However, it is said that these technologies 
will be transitionary and used in very specific sectors.

“in fact this type [turquoise hydrogen] (...) I think it 
will eventually have some role in terms of a niche” 
(I5).
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Knowing that there might be a positive predisposi-
tion towards hydrogen produced from renewable energy 
sources and a negative predisposition towards hydro-
gen produced from non-renewable energy sources, we 
decided to test these predispositions by adding the factor 
"cost" (see Fig.  7). More than two-thirds (76.7%, n = 56) 
of respondents agreed that utilizing renewable energy for 
hydrogen production is critical, even if it results in higher 
costs, which suggests high socio-ecological values. Fur-
thermore, 53.4% (n = 39) of the respondents disagree that 
“Hydrogen should be produced from exclusively renew-
able sources, but only if it does not increase production 
costs”, which sustains the previous result.

Regarding the use of non-renewable energy sources 
for hydrogen production, nearly half of the participants 
(45.2%, n = 33) are against it, even when implemented in 
conjunction with renewable sources and lower produc-
tion expenses. This supports our prior interpretation of 
the data, indicating a negative predisposition towards the 
acceptance of all types of hydrogen that are not produced 
from renewable sources. However, it should be noted 
that nearly one in four individuals have a neutral posi-
tion or are supportive of utilizing non-renewable sources 
of energy. For these respondents, socioeconomic values 
may hold greater importance than environmental con-
cerns. The control variable follows the trend of the pre-
viously analyzed variables, which strengthens the results.

The effects of relationships
According to Kendall’s Tau-b correlation test, there is no 
correlation between the source of hydrogen production 
and the subjective stance towards hydrogen (see Table 6). 
This indicates that the method of hydrogen production 
might not be a predictive factor in determining attitudes 
and support for hydrogen. Essentially, this means that 
the propensity to accept or reject a technology cannot be 

attributed solely to the technology itself, but that other 
factors may be involved.

It is essential to examine the connections between the 
variables analyzed in this study in a comprehensive man-
ner. Figure 8 endeavors to illustrate the intricate nature of 
these relationships.

The results of the Kendall’s Tau-b test show that there 
is a strong positive correlation between the sustainability 
orientation of the organizations to which the respondents 
belong and their familiarity with hydrogen technologies 
and policies. This may be related to the fact that these 
organizations promote hydrogen information events, as 
mentioned by the respondents.

Knowledge, in turn, is positively related to sources of 
information and respondents’ trust in science, policy-
makers and the media. There is also a strong positive 
correlation between sources of information and trust. 
These two are positively related to support for hydrogen 
investment. In this sense, the results may suggest that 
the delivery of the message and the messenger are more 
important than factual knowledge of the issue.

Trust, perceived benefits, attitudes and support are also 
strongly positively correlated, unlike risks. The latter do 
not vary in the same way as benefits, which may indicate 
that they are incompatible technological concepts.

Finally, governance expectations are positively corre-
lated with support. This suggests that support is higher 
when hydrogen is perceived as an opportunity for energy 
democracy.

Based on the results of the non-parametric tests (see 
Additional file  4), No significant group variances were 
observed with regards to hydrogen positions, suggesting 
weak correlations between sociodemographic factors and 
perceptions.

In addition, no significant differences were found 
among the groups in terms of their stance on hydrogen 
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Table 6 Kendall’s Tau-b correlations between source of hydrogen production, attitudes and support

**The correlation is significant at the 0.01 level (2 ends)

*The correlation is significant at the 0.05 level (2 ends)

(1) (2) (3) (4) (5) (6)

“Hydrogen must be produced from exclusively renewable sources, even if this means higher 
production costs”

τb –

p

N 73

“Hydrogen must be produced from renewable and non-renewable sources to reduce 
production costs”

τb − 0.518** –

p < 0.001

N 73 73

“Hydrogen should be produced from exclusively renewable sources, but only if it does 
not increase production costs” [Control variable]

τb − 0.358** 0.248* –

p 0.001 0.010

N 73 73 73

“I am in favor of investing in hydrogen technologies in my country" τb 0.099 0.142 − 0.123 –

p 0.336 0.153 0.223

N 73 73 73 73

“The use of hydrogen as an energy source is good for the environment.” τb − 0.024 0.186 −0.050 0.548** –

p 0.815 0.059  0.617 < 0.001

N 73 73 73 73 73

“The consequences of using hydrogen are acceptable for future generations” τb 0.030 0.120 − 0.038 0.548** 0.793** –

p 0.770 0.230 0.706 < 0.001 < 0.001

N 73 73 73 73 73 73

Fig. 8 Relationship between variables
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production methods (see Table 7). Previous findings (sec-
tion Subjective stance) suggest that the groups generally 
favored renewable energy sources for hydrogen produc-
tion and opposed non-renewable sources.

However, the test results reveal statistically signifi-
cant differences (p < 0.01) in the groups’ stances towards 
hydrogen (see Table 7).

The independent samples nonparametric test revealed 
significant statistical differences at the 1% level between 
NGOs and three groups: political sector (p =  < 0.001); 
hydrogen consumers (p =  < 0.002); and non-profit 
research centers (p =  < 0.007). In addition, there were 
significant differences found at a 5% level between the 
non-profit research centers and the political sector group 
(p =  < 0.042). A closer look at the data reveals that indi-
viduals affiliated with NGOs have a more critical stance 
towards hydrogen.

Discussion
The results presented above show some convergences 
and divergences with the previously presented literature. 
In this study, we started with the concept of perceptions 
to understand the predispositions to accept or reject cer-
tain HPSs. Perceptions are understood to be the result 
of social and psychosocial factors, namely: the organi-
zational level, expectations, technological imaginaries, 
knowledge, and subjective stance in relation to hydrogen 
and the technologies for its production.

Hydrogen can be generated from renewable or non-
renewable sources. According to the data, there is a 
tendency to accept hydrogen produced from renewable 
energy sources, in particular green hydrogen, but there is 
a reluctance to accept it if its production is not based on 
these energy sources, namely, gray hydrogen. Regarding 
hydrogen derived from non-renewable sources but clas-
sified as low carbon, such as blue or turquoise hydrogen, 

there is uncertainty and insufficient knowledge among 
stakeholders, as well as the belief that this is a temporary 
solution in the transition process. These outcomes are 
aligned with the observations of Bentsen et al. [53], who 
found greater receptivity towards hydrogen produced 
using renewable sources and a tendency to renounce 
hydrogen created from non-renewable sources. How-
ever, these results suggest that the sole source of hydro-
gen production is not directly linked to attitudes and 
endorsement of hydrogen.

In terms of socio-demographic features, most of the 
respondents are men with high educational backgrounds, 
in their forties, and hailing from countries in southern 
and eastern Europe. These characteristics did not seem to 
have a significant role in shaping the perceptions, given 
that there was no correlation between educational level 
and age with respect to perceptions. Moreover, there 
were no discernible differences between perceptions of 
men and women, and perceptions were consistent across 
countries. This could be associated with the relatively 
small and homogeneous nature of our sample. These 
findings contradict other studies, which suggest that 
sociodemographic characteristics may predict the forma-
tion of perceptions [37, 51, 52, 60]. Future research with 
more diverse and representative samples would be valu-
able in determining the reliability of these results.

Contrary to the findings of the Ricci et  al. study [23], 
our data suggests that knowledge is not directly related 
to an individual’s subjective attitude towards hydrogen. 
Rather, this stance is influenced by their level of trust in 
institutions and information sources, as pointed out by 
Molin [38]. The fact that individuals are unfamiliar with 
turquoise hydrogen technologies does not seem to affect 
their support for them. However, despite the lack of 
information on gray hydrogen technologies, respondents 
expressed skepticism about these technologies, suggest-
ing that familiarity does not directly affect acceptance. 
These results are in line with the study by Sherry-Bren-
nan et al. [61], who claim that knowledge alone does not 
influence the acceptance or rejection of hydrogen.

Similarly, the perceived risks of hydrogen do not seem 
to have a significant impact on perceptions. This is in line 
with Ricci et  al.[23], who contended that public accept-
ance goes beyond perceptions of risk, also involving trust 
in institutions, perceptions of the benefits, costs or socio-
economic values, or even expectations and aspirations. 
On the other hand, perceived benefits are strongly asso-
ciated with attitudes and support for hydrogen, as stated 
by previous authors [23, 37, 60, 61]. This may be related 
to greater uncertainty and lack of knowledge about the 
risks. Therefore, imaginaries surrounding hydrogen pri-
marily emphasizes its benefits rather than its risks, as in 
[16, 18, 55–59], with these advantages primarily linked 

Table 7 Differences among the stakeholder groups using the 
Kruskal–Wallis nonparametric test

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions 
are equal. The asymptotic significances (two-sided test) are displayed. The 
significance level is at 5%
a The test statistic is adjusted for ties
b Significance values were adjusted by Bonferroni correction for several tests

Variables Test  statistica p value
(p)

Decisionb

Subjective Stance 24.135 0.002 Reject the null hypothesis

Source of hydro-
gen production 
(Renewable)

12.274 0.139 Retain the null hypothesis

Source of hydro-
gen production
(Non-renewable)

10.884 0.208 Retain the null hypothesis
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to the use of hydrogen generated from renewable energy 
sources.

As pointed out by Upham et  al. [54], these percep-
tions are constructed through communication processes 
that place greater emphasis on the benefits. It will be 
worthwhile to comprehend the narratives surrounding 
hydrogen, particularly from the perspective of scien-
tists, political decision-makers, the media, and the major 
players within the energy sector. In addition, the results 
show that there is a high level of trust in science, which 
minimizes the perception of risk and makes the benefits 
outweigh the risks. This trust, in turn, may be related to 
the academic and/or professional background of the indi-
viduals who participated in this study, as they are highly 
qualified and belong to organizational cultures where 
they promote debate and behaviors towards the energy 
transition. Nevertheless, impact assessment studies 
should consider all types of risks and consequences aris-
ing from the hydrogen economy, from its production to 
its use, and from micro to macro impacts.

In addition to socio-demographic and psycho-social 
factors, contextual and structural factors are important 
in shaping perceptions and opinions about hydrogen, as 
other studies have already stated [37, 54]. It seems impor-
tant to highlight this finding: no differences were found 
between groups in terms of attitudes towards hydro-
gen production sources; however, there are differences 
between groups in terms of attitudes and support for 
hydrogen in general. This suggests that there are shared 
perceptions between groups and that there is a consen-
sus that hydrogen should be produced from renewable 
sources, even if there is no in-depth knowledge of the 
issue. In this sense, these perceptions around the pro-
duction mode may be based on social representations, as 
suggested by Sherry-Brennan et  al. [61], which suggests 
that stakeholders, despite belonging to different groups, 
share the same expectations about hydrogen production 
[54].

Furthermore, stakeholder groups agree on the need 
for increased public involvement in decisions relating to 
hydrogen. Nevertheless, the data reveals that hydrogen 
remains a topic of limited public discussion, which is a 
trend consistent with studies conducted over 10  years 
ago [23, 26, 61]. It appears that citizens are not receiving 
adequate information on the matter, and hydrogen con-
tinues to be confined to experts, policy makers and inves-
tors and that the energy transition remains a third-party, 
despite the subject being central to countries’ political 
and economic strategies [8, 11, 15]. As information is 
critical for participation, the findings suggest that energy 
democracy might not be given due consideration.

The SCOT approach suggests that the exclusion of cer-
tain groups, such as civil society, from the discourse and 

decision-making process of hydrogen may explain the 
differing attitudes and levels of support among groups. 
Consequently, the NGO group’s critical stance may be a 
result of their position on the decision-making axis and 
may not be a relevant group in the field of hydrogen. It 
is crucial to consider that there may be disagreements 
between various groups regarding the interpretation of 
technologies [40, 42]. It will be important, therefore, to 
understand what underlies these differences in interpre-
tations between groups. These differences could lead to 
conflict, as suggested by social constructivists [40–43, 
45, 46], which may hinder the development of the hydro-
gen economy and, to some extent, the acceleration of the 
energy transition. Therefore, studying group dynamics 
and power relations in the hydrogen economy in greater 
depth will be pivotal.

Furthermore, according to Ricci et al. [22], the accept-
ance of the hydrogen economy could be viewed as sub-
jective and subject to change as it continues to evolve. In 
this instance, both our quantitative data on acceptance 
and attitudes towards hydrogen, which support prior 
research, along with our qualitative data on the uncer-
tainty and ambivalence that participants still experience 
(particularly concerning the risks of various HPSs), indi-
cate that the hydrogen economy still requires significant 
progress if it is to advance at its current rate.

This study has limitations that should be acknowl-
edged, but they could also provide opportunities for 
future research. The small and unrepresentative sam-
ple size hinders the statistical data’s robustness and its 
applicability at the territorial level. In addition, while the 
interviews offer an in-depth analysis of the dimensions, 
it is crucial to involve stakeholders from other groups 
and countries, as well as to specify hydrogen production 
technologies. Third, as greater involvement from civil 
society in energy system transformations is expected, 
future studies could explore how the hydrogen agenda 
is being governed in different countries. In this context, 
fourth, it is important to consider how citizens may want 
to get involved in energy transition discussions and the 
potential role scientists can play. Finally, it is important 
to examine the central and peripheral elements of HPT 
representations among technicians and experts, as well 
as how these representations are shaped and the narra-
tives surrounding hydrogen strategies.

Conclusions
The purpose of this study was to explore stakehold-
ers’ perceptions of HPSs through the lens of social 
constructions of technology. Thus, the aim was to fill a 
theoretical and empirical gap in the literature on hydro-
gen technology acceptance, as well as to fill the meth-
odological gap using a mixed method approach based on 
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semi-structured interviews (n = 7) and a questionnaire 
survey (n = 73), while most of the other studies used only 
one of these techniques. This methodology was crucial 
to understand stakeholders’ perceptions in-depth, as the 
interviews allowed us to gather information that sup-
ported the quantitative data and vice versa. Our results 
allow us to arrive at the following conclusions.

The findings demonstrate that the groups generally 
approve of hydrogen generated from sustainable origins, 
namely, green hydrogen. In contrast, they are resist-
ant to hydrogen produced from non-renewable sources, 
that is, gray and blue hydrogen. Nevertheless, a distinc-
tion can be made between the NGO collective and the 
groups comprising hydrogen consumers, non-profit 
research centers and political stakeholders. The former, 
which primarily comprises respondents from NGOs in 
Southern and Eastern Europe, presents a more critical 
stance towards hydrogen. This may indicate that hydro-
gen strategies in these countries are unlikely to take the 
direction desired by civil society groups, based on invest-
ment in technologies to produce hydrogen from renew-
able sources. The limited involvement of civil society 
in hydrogen-related decision-making processes, which 
makes them an insignificant social group within the 
SCOT framework, may also explain this critical stance. 
Based on the findings, it can be concluded that hydro-
gen has remained on the outskirts of public discourse for 
over a decade. This is contrary to stakeholders’ expecta-
tions for greater inclusivity and citizen participation in 
both the energy transition and hydrogen policies.

Therefore, the results suggest that the perceptions of 
HPSs are not limited to sociodemographic character-
istics and psychosocial factors, such as technological 
imaginaries about benefits and risks, knowledge, and 
subjective stance. Instead, they imply social represen-
tations anchored in systems of shared social values and 
imaginaries about hydrogen production. These results 
affirm the importance of HPSs in shaping underly-
ing attitudes towards the hydrogen transition in differ-
ent national contexts and highlight the relevance of the 
source of production for acceptance or rejection of HPSs.

Thus, we make the following recommendations: politi-
cal decisions should be attentive to possible social injus-
tices (at local, regional, national and international levels) 
and risks that may arise from the hydrogen economy. 
These policies should also be transparent and encourage 
public participation in energy and hydrogen issues, since 
the energy transition to a sustainable future will depend 
on structural changes and changes in the behavior of 
social actors. Consideration must also be given to how 
hydrogen is produced in a given context and the posi-
tive and negative, direct and/or indirect, environmental, 
social and economic impacts of this process.

This study underlines the significance of considering 
the social aspects that surround technologies, opposing 
technological determinism. Moreover, it emphasizes the 
influence of social constructs in the formation of technol-
ogies and subsequently the energy system.

Abbreviations
GHGs  Greenhouse gases
HPSs  Hydrogen Production Sources
NGO  Non-governmental organization

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13705- 023- 00429-w.

Additional file 1. Reliability Analysis.

Additional file 2. Kendall’s Tau-b Test.

Additional file 3. Kruskal Wallis test: By group of stakeholders.

Additional file 4. Nonparametric tests.

Additional file 5. Benefits and risks perceived.

Acknowledgements
The authors would like to thank the anonymous reviewers and the editor 
for their valuable insights. Luigi Piantavinha for his support in launching the 
questionnaire surveys and processing the data related to the stakeholders’ 
characterization. Bergern Peck for his language revision. In addition, special 
acknowledgements to all members of the consortium that contributed to the 
identification of stakeholders and dissemination of the survey, especially to 
the LEPABE team.

Author contributions
CP supervised and led the research and conducted the main conceptualiza-
tions and theoretical approach. In addition, she was responsible for research 
design. FT carried out empirical work, including data collection and analysis. In 
addition, she wrote the main manuscript and prepared the figures and tables. 
JC was responsible for the statistical analysis and the English language revi-
sion. All authors reviewed the manuscript.

Funding
Open access funding provided by Institute of Sociology of University of 
Porto under the project with reference UIDB/00727/2020. Jorge Cerdeira also 
acknowledges the funding of the project with reference UIDB/04105/2020. 
The present work was funded by the European Union’s Horizon 2020 Research 
and Innovation Programme under Grant Agreement No 952219 - project 
112CO2.

Availability of data and materials
The data sets supporting the conclusions of this article are available upon 
request.

Declarations

Ethics approval and consent to participate
All participants in the interviews signed an informed consent form. Anonymity 
and freedom to refuse participation in the study was guaranteed to all inter-
viewees and respondents.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

https://doi.org/10.1186/s13705-023-00429-w
https://doi.org/10.1186/s13705-023-00429-w


Page 18 of 19Parente et al. Energy, Sustainability and Society           (2024) 14:15 

Received: 14 April 2023   Accepted: 3 December 2023

References
 1. Martins-Loução MA (2021) Riscos Globais e Biodiversidade. Fundação 

Francisco Manuel dos Santos, Lisboa (in Portuguese)
 2. Nemati B, Mapar M, Davarazar P et al (2020) A sustainable approach for 

site selection of underground hydrogen storage facilities using Fuzzy-
Delphi methodology. J Settl Spat Plan SI:5–16. https:// doi. org/ 10. 24193/ 
JSSPSI. 2020.6. 02

 3. Sovacool BK (2016) How long will it take? Conceptualizing the temporal 
dynamics of energy transitions. Energy Res Soc Sci 13:202–215. https:// 
doi. org/ 10. 1016/j. erss. 2015. 12. 020

 4. Dembi V (2022) Ensuring energy justice in transition to green hydrogen. 
SSRN Electron J. https:// doi. org/ 10. 2139/ ssrn. 40151 69

 5. Dillman KJ, Heinonen J (2022) A ‘just’ hydrogen economy: a normative 
energy justice assessment of the hydrogen economy. Renew Sustain 
Energy Rev 167:112648. https:// doi. org/ 10. 1016/j. rser. 2022. 112648

 6. Sovacool BK, Martiskainen M, Hook A, Baker L (2019) Decarbonization 
and its discontents: a critical energy justice perspective on four low-
carbon transitions. Clim Change 155:581–619. https:// doi. org/ 10. 1007/ 
s10584- 019- 02521-7

 7. IRENA (2022) Geopolitics of the energy transformation: the hydrogen 
factor. International Renewable Energy Agency, Abu Dhabi

 8. IEA (2022) Global Hydrogen Review 2022. Paris, France
 9. Dawood F, Anda M, Shafiullah GM (2020) Hydrogen production for 

energy: an overview. Int J Hydrog Energy 45:3847–3869. https:// doi. org/ 
10. 1016/j. ijhyd ene. 2019. 12. 059

 10. Santos FMSM dos, Santos FACM dos (2016) Combustível “hidrogénio.” 
Millenium - J Educ Technol Health 0:252–270 [in Portuguese]

 11. IEA (2021) Global Hydrogen Review 2021. Paris, France.
 12. Van de Graaf T, Overland I, Scholten D, Westphal K (2020) The new oil? The 

geopolitics and international governance of hydrogen. Energy Res Soc 
Sci 70:101667. https:// doi. org/ 10. 1016/j. erss. 2020. 101667

 13. Zhao W, Ma J, Wang Z et al (2022) Potential hydrogen market: value-
added services increase economic efficiency for hydrogen energy suppli-
ers. Sustainability 14:4804. https:// doi. org/ 10. 3390/ su140 84804

 14. Bharadwaj B, Weder F, Ashworth P (2023) More support for hydrogen 
export than its domestic application in Australia. Humanit Soc Sci Com-
mun 10:7. https:// doi. org/ 10. 1057/ s41599- 022- 01476-y

 15. IEA (2022) Clean Energy Demonstration Projects Database. https:// www. 
iea. org/ data- and- stati stics/ data- tools/ clean- energy- demon strat ion- proje 
cts- datab ase

 16. Sataøen H (2008) Building the hydrogen highway: the visions of a large-
scale hydrogen project in Norway. Sociol Res Online 13:91–103. https:// 
doi. org/ 10. 5153/ sro. 1716

 17. Wang H-R, Feng T-T, Li Y et al (2022) What is the policy effect of coupling 
the green hydrogen market, national carbon trading market and electric-
ity market? Sustainability 14:13948. https:// doi. org/ 10. 3390/ su142 113948

 18. Si Y, Desai D, Bozhilova D et al (2023) Fossil fuel companies’ climate com-
munication strategies: industry messaging on renewables and natural 
gas. Energy Res Soc Sci 98:103028. https:// doi. org/ 10. 1016/j. erss. 2023. 
103028

 19. Hassan Q, Sameen AZ, Salman HM, Jaszczur M (2023) A Roadmap with 
strategic policy toward green hydrogen production: the case of Iraq. 
Sustainability 15:5258. https:// doi. org/ 10. 3390/ su150 65258

 20. van Renssen S (2020) The hydrogen solution? Nat Clim Change 10:799–
801. https:// doi. org/ 10. 1038/ s41558- 020- 0891-0

 21. Amin M, Shah HH, Fareed AG et al (2022) Hydrogen production through 
renewable and non-renewable energy processes and their impact on 
climate change. Int J Hydrog Energy 47:33112–33134. https:// doi. org/ 10. 
1016/j. ijhyd ene. 2022. 07. 172

 22. Schmoyer RL, Truett LF, Cooper C (2006) Results of the 2004 Knowledge 
and Opinions Surveys for the Baseline Knowledge Assessment of the U.S. 
Department of Energy Hydrogen Program. Office of Scientific and Techni-
cal Information (OSTI)

 23. Ricci M, Bellaby P, Flynn R (2008) What do we know about public percep-
tions and acceptance of hydrogen? A critical review and new case study 

evidence. Int J Hydrog Energy 33:5868–5880. https:// doi. org/ 10. 1016/j. 
ijhyd ene. 2008. 07. 106

 24. Montijn-Dorgelo FNH, Midden CJH (2008) The role of negative associa-
tions and trust in risk perception of new hydrogen systems. J Risk Res 
11:659–671. https:// doi. org/ 10. 1080/ 13669 87080 19672 18

 25. Cherryman SJ, King S, Hawkes FR et al (2008) An exploratory study of 
public opinions on the use of hydrogen energy in Wales. Public Underst 
Sci 17:397–410. https:// doi. org/ 10. 1177/ 09636 62506 068053

 26. Flynn R, Bellaby P, Ricci M (2009) The ‘Value-Action Gap’ in public attitudes 
towards sustainable energy: the case of hydrogen energy. Sociol Rev 
57:159–180. https:// doi. org/ 10. 1111/j. 1467- 954X. 2010. 01891.x

 27. Achterberg P, Houtman D, van Bohemen S, Manevska K (2010) Unknow-
ing but supportive? Predispositions, knowledge, and support for hydro-
gen technology in the Netherlands. Int J Hydrog Energy 35:6075–6083. 
https:// doi. org/ 10. 1016/j. ijhyd ene. 2010. 03. 091

 28. Achterberg P (2014) The changing face of public support for hydrogen 
technology explaining declining support among the Dutch (2008–2013). 
Int J Hydrog Energy 39:18711–18717. https:// doi. org/ 10. 1016/j. ijhyd ene. 
2014. 08. 053

 29. Bigerna S, Polinori P (2015) Willingness to pay and public acceptance for 
hydrogen buses: a case study of Perugia. Sustainability 7:13270–13289. 
https:// doi. org/ 10. 3390/ su710 13270

 30. Oltra C, Dütschke E, Sala R et al (2017) La aceptación pública de las 
aplicaciones de las Pilas de Combustible de Hidrógeno en Europa. Rev Int 
Sociol 75:e076. https:// doi. org/ 10. 3989/ ris. 2017. 75.4. 17. 01

 31. Moula MdME, Nyári J, Bartel A (2017) Public acceptance of biofuels in the 
transport sector in Finland. Int J Sustain Built Environ 6:434–441. https:// 
doi. org/ 10. 1016/j. ijsbe. 2017. 07. 008

 32. Lozanovski A, Whitehouse N, Ko N, Whitehouse S (2018) Sustainability 
assessment of fuel cell buses in public transport. Sustainability 10:1480. 
https:// doi. org/ 10. 3390/ su100 51480

 33. Hienuki S, Noguchi K, Shibutani T et al (2020) Risk identification for the 
introduction of advanced science and technology: a case study of a 
hydrogen energy system for smooth social implementation. Int J Hydrog 
Energy 45:15027–15040. https:// doi. org/ 10. 1016/j. ijhyd ene. 2020. 03. 234

 34. Glanz S, Schönauer A-L (2021) Towards a low-carbon society via 
hydrogen and carbon capture and storage: social acceptance from a 
stakeholder perspective. J Sustain Dev Energy Water Environ Syst. https:// 
doi. org/ 10. 13044/j. sdewes. d8. 0322

 35. Baur D, Emmerich P, Baumann MJ, Weil M (2022) Assessing the social 
acceptance of key technologies for the German energy transition. Energy 
Sustain Soc 12:4. https:// doi. org/ 10. 1186/ s13705- 021- 00329-x

 36. Siron R, Kasavan S, Jaaffar AH (2023) The public perception of adopting 
hydrogen fuel cell vehicles in Kuala Lumpur, Malaysia. Malays J Soc Space 
19:179–189. https:// doi. org/ 10. 17576/ geo- 2023- 1901- 13

 37. Emodi NV, Lovell H, Levitt C, Franklin E (2021) A systematic literature 
review of societal acceptance and stakeholders’ perception of hydrogen 
technologies. Int J Hydrog Energy 46:30669–30697. https:// doi. org/ 10. 
1016/j. ijhyd ene. 2021. 06. 212

 38. Molin E (2005) Causal analysis of hydrogen acceptance. J Transp Res Rec. 
1941:115–121

 39. Zachariah-Wolff JL, Hemmes K (2006) Public acceptance of hydrogen in 
the Netherlands: two surveys that demystify public views on a hydrogen 
economy. Bull Sci Technol Soc 26:339–345. https:// doi. org/ 10. 1177/ 02704 
67606 290308

 40. Klein HK, Kleinman DL (2002) The social construction of technology: 
structural considerations. Sci Technol Hum Values 27:28–52. https:// doi. 
org/ 10. 1177/ 01622 43902 02700 102

 41. Allameh Tabataba’i University, Yousefikhah S (2017) Sociology of innova-
tion: social construction of technology perspective. AD-Minist. https:// 
doi. org/ 10. 17230/ ad- minis ter. 30.2

 42. Pinch TJ, Bijker WE (1984) The social construction of facts and artefacts: 
or how the sociology of science and the sociology of technology might 
benefit each other. Soc Stud Sci 14:399–441

 43. Basu S (2023) Three decades of social construction of technology: 
dynamic yet fuzzy? The methodological conundrum. Soc Epistemol 
37:259–275. https:// doi. org/ 10. 1080/ 02691 728. 2022. 21207 83

 44. Bijker WE, Hughes TP, Pinch T (1987) The Social construction of technolog-
ical systems: new directions in the sociology and history of technology. 
MIT Press, Cambridge

https://doi.org/10.24193/JSSPSI.2020.6.02
https://doi.org/10.24193/JSSPSI.2020.6.02
https://doi.org/10.1016/j.erss.2015.12.020
https://doi.org/10.1016/j.erss.2015.12.020
https://doi.org/10.2139/ssrn.4015169
https://doi.org/10.1016/j.rser.2022.112648
https://doi.org/10.1007/s10584-019-02521-7
https://doi.org/10.1007/s10584-019-02521-7
https://doi.org/10.1016/j.ijhydene.2019.12.059
https://doi.org/10.1016/j.ijhydene.2019.12.059
https://doi.org/10.1016/j.erss.2020.101667
https://doi.org/10.3390/su14084804
https://doi.org/10.1057/s41599-022-01476-y
https://www.iea.org/data-and-statistics/data-tools/clean-energy-demonstration-projects-database
https://www.iea.org/data-and-statistics/data-tools/clean-energy-demonstration-projects-database
https://www.iea.org/data-and-statistics/data-tools/clean-energy-demonstration-projects-database
https://doi.org/10.5153/sro.1716
https://doi.org/10.5153/sro.1716
https://doi.org/10.3390/su142113948
https://doi.org/10.1016/j.erss.2023.103028
https://doi.org/10.1016/j.erss.2023.103028
https://doi.org/10.3390/su15065258
https://doi.org/10.1038/s41558-020-0891-0
https://doi.org/10.1016/j.ijhydene.2022.07.172
https://doi.org/10.1016/j.ijhydene.2022.07.172
https://doi.org/10.1016/j.ijhydene.2008.07.106
https://doi.org/10.1016/j.ijhydene.2008.07.106
https://doi.org/10.1080/13669870801967218
https://doi.org/10.1177/0963662506068053
https://doi.org/10.1111/j.1467-954X.2010.01891.x
https://doi.org/10.1016/j.ijhydene.2010.03.091
https://doi.org/10.1016/j.ijhydene.2014.08.053
https://doi.org/10.1016/j.ijhydene.2014.08.053
https://doi.org/10.3390/su71013270
https://doi.org/10.3989/ris.2017.75.4.17.01
https://doi.org/10.1016/j.ijsbe.2017.07.008
https://doi.org/10.1016/j.ijsbe.2017.07.008
https://doi.org/10.3390/su10051480
https://doi.org/10.1016/j.ijhydene.2020.03.234
https://doi.org/10.13044/j.sdewes.d8.0322
https://doi.org/10.13044/j.sdewes.d8.0322
https://doi.org/10.1186/s13705-021-00329-x
https://doi.org/10.17576/geo-2023-1901-13
https://doi.org/10.1016/j.ijhydene.2021.06.212
https://doi.org/10.1016/j.ijhydene.2021.06.212
https://doi.org/10.1177/0270467606290308
https://doi.org/10.1177/0270467606290308
https://doi.org/10.1177/016224390202700102
https://doi.org/10.1177/016224390202700102
https://doi.org/10.17230/ad-minister.30.2
https://doi.org/10.17230/ad-minister.30.2
https://doi.org/10.1080/02691728.2022.2120783


Page 19 of 19Parente et al. Energy, Sustainability and Society           (2024) 14:15  

 45. Elle M, Dammann S, Lentsch J, Hansen K (2010) Learning from the social 
construction of environmental indicators: From the retrospective to the 
pro-active use of SCOT in technology development. Int Symp Interact 
Hum Build Environ Spec Issue Sect 45:135–142. https:// doi. org/ 10. 1016/j. 
build env. 2009. 05. 011

 46. Russell S (1986) The social construction of artefacts: a response to Pinch 
and Bijker. Soc Stud Sci 16:331–346

 47. Williams R, Edge D (1996) The social shaping of technology. Res Policy 
25:865–899. https:// doi. org/ 10. 1016/ 0048- 7333(96) 00885-2

 48. Stalker L, Roberts JJ, Mabon L, Hartley PG (2022) Communicating leakage 
risk in the hydrogen economy: Lessons already learned from geoenergy 
industries. Front Energy Res 10:869264. https:// doi. org/ 10. 3389/ fenrg. 
2022. 869264

 49. Murphy KR, Davidshofer CO (1988) Psychological testing. Princ Appl 
Englewood Cliffs 18:

 50. Fishbein M, Ajzen I (1977) Belief, attitude, intention, and behavior: an 
introduction to theory and research. Philos Rhetor 10:130–132

 51. Brosch T, Scherer K, Grandjean D, Sander D (2013) The impact of emotion 
on perception, attention, memory, and decision-making. Swiss Med Wkly 
143:w13786. https:// doi. org/ 10. 4414/ smw. 2013. 13786

 52. Schmidt A, Donsbach W (2016) Acceptance factors of hydrogen and 
their use by relevant stakeholders and the media. Int J Hydrog Energy 
41:4509–4520. https:// doi. org/ 10. 1016/j. ijhyd ene. 2016. 01. 058

 53. Bentsen HL, Skiple JK, Gregersen T et al (2023) In the green? Perceptions 
of hydrogen production methods among the Norwegian public. Energy 
Res Soc Sci 97:102985. https:// doi. org/ 10. 1016/j. erss. 2023. 102985

 54. Upham P, Bögel P, Dütschke E et al (2020) The revolution is conditional? 
The conditionality of hydrogen fuel cell expectations in five European 
countries. Energy Res Soc Sci 70:101722. https:// doi. org/ 10. 1016/j. erss. 
2020. 101722

 55. Hodson M (2008) Old industrial regions, technology, and innovation: 
tensions of obduracy and transformation. Environ Plan Econ Space 
40:1057–1075. https:// doi. org/ 10. 1068/ a39103

 56. Levidow L, Papaioannou T (2013) State imaginaries of the public good: 
shaping UK innovation priorities for bioenergy. Environ Sci Policy 
30:36–49. https:// doi. org/ 10. 1016/j. envsci. 2012. 10. 008

 57. Dörries M (2020) Testing the precautionary argument after the Lucky 
Dragon incident. Disaster Prev Manag Int J 30:64–75. https:// doi. org/ 10. 
1108/ DPM- 01- 2020- 0020

 58. Sovacool BK, Bergman N, Hopkins D et al (2020) Imagining sustainable 
energy and mobility transitions: valence, temporality, and radicalism in 38 
visions of a low-carbon future. Soc Stud Sci 50:642–679. https:// doi. org/ 
10. 1177/ 03063 12720 915283

 59. Trencher G, Van Der Heijden J (2019) Contradictory but also comple-
mentary: national and local imaginaries in Japan and Fukushima around 
transitions to hydrogen and renewables. Energy Res Soc Sci 49:209–218. 
https:// doi. org/ 10. 1016/j. erss. 2018. 10. 019

 60. Scovell MD (2022) Explaining hydrogen energy technology acceptance: 
a critical review. Int J Hydrog Energy 47:10441–10459. https:// doi. org/ 10. 
1016/j. ijhyd ene. 2022. 01. 099

 61. Sherry-Brennan F, Devine-Wright H, Devine-Wright P (2010) Public 
understanding of hydrogen energy: a theoretical approach. Energy Policy 
38:5311–5319. https:// doi. org/ 10. 1016/j. enpol. 2009. 03. 037

 62. Assefa G, Frostell B (2007) Social sustainability and social acceptance in 
technology assessment: a case study of energy technologies. Technol Soc 
29:63–78. https:// doi. org/ 10. 1016/j. techs oc. 2006. 10. 007

 63. Zimmer R, Welke J (2012) Let’s go green with hydrogen! The general 
public’s perspective. HySafe 1(37):17502–17508. https:// doi. org/ 10. 1016/j. 
ijhyd ene. 2012. 02. 126

 64. Gordon JA, Balta-Ozkan N, Nabavi SA (2023) Gauging public perceptions 
of blue and green hydrogen futures: is the twin-track approach compat-
ible with hydrogen acceptance? Int J Hydrog Energy. https:// doi. org/ 10. 
1016/j. ijhyd ene. 2023. 06. 297

 65. Creswell JW (2014) Research design: qualitative, quantitative, and mixed 
methods approaches. SAGE Publications, Thousand Oak

 66. Freeman RE (2010) Strategic management: a stakeholder approach. 
Cambridge University Press, Cambridge

 67. Fernandes T (2014) Sociedade Civil. Fundação Francisco Manuel dos 
Santos, Lisboa (in Portuguese)

 68. Hsieh H-F, Shannon SE (2005) Three approaches to qualitative content 
analysis. Qual Health Res 15:1277–1288. https:// doi. org/ 10. 1177/ 10497 
32305 276687

 69. Vargha A, Delaney HD (1998) The Kruskal-Wallis test and stochastic 
homogeneity. J Educ Behav Stat 23:170–192. https:// doi. org/ 10. 3102/ 
10769 98602 30021 70

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Cristina Parente is member of the 112CO2 Project and affiliated to 
the Faculty of Arts and Humanities and Institute of Sociology, Univer-
sity of Porto, Porto, Portugal.

Francisca Teixeira is member of the 112CO2 Project and affiliated 
to the Faculty of Arts and Humanities and Institute of Sociology, Uni-
versity of Porto, Porto, Portugal.

Jorge Cerdeira is member of the 112CO2 Project and affiliated to 
the Faculty of Arts and Humanities, Institute of Sociology and Center 
for Economics and Finance, University of Porto, Porto, Portugal.

https://doi.org/10.1016/j.buildenv.2009.05.011
https://doi.org/10.1016/j.buildenv.2009.05.011
https://doi.org/10.1016/0048-7333(96)00885-2
https://doi.org/10.3389/fenrg.2022.869264
https://doi.org/10.3389/fenrg.2022.869264
https://doi.org/10.4414/smw.2013.13786
https://doi.org/10.1016/j.ijhydene.2016.01.058
https://doi.org/10.1016/j.erss.2023.102985
https://doi.org/10.1016/j.erss.2020.101722
https://doi.org/10.1016/j.erss.2020.101722
https://doi.org/10.1068/a39103
https://doi.org/10.1016/j.envsci.2012.10.008
https://doi.org/10.1108/DPM-01-2020-0020
https://doi.org/10.1108/DPM-01-2020-0020
https://doi.org/10.1177/0306312720915283
https://doi.org/10.1177/0306312720915283
https://doi.org/10.1016/j.erss.2018.10.019
https://doi.org/10.1016/j.ijhydene.2022.01.099
https://doi.org/10.1016/j.ijhydene.2022.01.099
https://doi.org/10.1016/j.enpol.2009.03.037
https://doi.org/10.1016/j.techsoc.2006.10.007
https://doi.org/10.1016/j.ijhydene.2012.02.126
https://doi.org/10.1016/j.ijhydene.2012.02.126
https://doi.org/10.1016/j.ijhydene.2023.06.297
https://doi.org/10.1016/j.ijhydene.2023.06.297
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1177/1049732305276687
https://doi.org/10.3102/10769986023002170
https://doi.org/10.3102/10769986023002170

	Stakeholders’ perceptions of hydrogen and reflections on energy transition governance
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Literature review
	Social construction of technology approach
	The role of perceptions on hydrogen acceptance or rejection

	Methods
	Methodology
	Stakeholder’s identification and categorization
	Semi-structured interviews
	Questionnaire survey

	Results
	Sociodemographic characteristics
	Organizational level
	Expectations
	Technological imaginaries
	Knowledge
	Subjective stance
	The effects of relationships

	Discussion
	Conclusions
	Acknowledgements
	References


