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Abstract: Green hydrogen emerges as a possible decarbonization solution due to its
ecologically beneficial energy carrier qualities. Non-technical issues, such as social
acceptance, are important to consider while developing new energy solutions. This study
looks into social perspectives of green hydrogen production by water electrolysis with
wind energy and its use as an energy vector in a specific region in Argentine Patagonia.
An online survey was undertaken as a quantitative method, with 134 participants. The
findings show that most respondents had a strong understanding of green hydrogen as a
potential source of clean energy that does not emit pollutants. Social concerns about the
manufacturing process were overwhelmingly positive, emphasizing projected benefits
such as economic development, job creation, improved awareness of renewable energies,
and energy independence. This latter characteristic is consistent with the majority
preference for using produced energy to meet local demand, regardless of export
potential. Overall, the findings indicate a growing knowledge of sustainable development
challenges and a preference for ecologically friendly energy transitions in the
local context.
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Resumen: El hidrogeno verde surge como una alternativa prometedora para la
descarbonizacion debido a sus propiedades ambientalmente favorables como portador
de energia. Sin embargo, factores no técnicos, como la aceptacion social, resultan cruciales
durante la planificacion de nuevas tecnologias energéticas. Este estudio investiga las
percepciones sociales sobre la produccion de hidrégeno verde mediante electrolisis del
agua utilizando energia eodlica, y su uso como vector energético, en una region
seleccionada de la Patagonia Argentina. Se realizé una encuesta en linea como método
cuantitativo, con un total de n = 134 participantes. Los resultados indican que, entre la
poblacién encuestada, existe un nivel relativamente alto de conocimiento sobre el
hidrogeno verde, y que la mayoria de los encuestados lo asocia con una fuente potencial
de energia limpia que no genera emisiones contaminantes. Las preocupaciones sociales
respecto del proceso de produccién fueron predominantemente positivas, destacandose
beneficios esperados como el desarrollo econémico, la creacion de empleo, el aumento de
la conciencia sobre las energias renovables y la autonomia energética. Este dltimo aspecto
se corresponde con la preferencia mayoritaria por utilizar la energia producida para
abastecer la demanda local, independientemente de las posibilidades de exportacion. En
conjunto, los hallazgos sugieren una incipiente conciencia sobre el desarrollo sostenible
y una disposicion favorable hacia transiciones energéticas orientadas a la proteccion
ambiental en el contexto local.

Palabras clave: Hidrogeno verde. Aceptacion social. Transicion energética.
Descarbonizacién. Patagonia, Argentina.

1. Introduction

On the path to decarbonization, it is critical to reduce direct consumption of fossil fuels by
replacing them with electricity and/or alternative fuels produced from renewable and
non-polluting sources (Sharma et al., 2021). In recent decades, hydrogen has received
increased attention as a vital component with the potential to greatly contribute to the
transition from fossil fuels to cleaner energy systems. Its key benefits include: i) a high
energy density (143 kJ/g), roughly 2.75 times that of hydrocarbons; ii) no greenhouse gas
emissions during combustion, with water as the only waste; and iii) its position as an
energy transporter. These qualities establish hydrogen as a potentially transformational
component of the global energy mix (Pascualone et al, 2019; Singla et al, 2021;
Osman et al., 2022).

Despite these benefits, hydrogen cannot currently be considered a completely clean fuel
because most current production methods rely significantly on fossil fuels. Producing a
low-emission energy carrier using polluting technologies with limited resources is a basic
paradox (Yun et al,, 2018). Hydrogen produced with renewable energy sources can result
in significant reductions in carbon emissions. In this regard, hydrogen can only be termed
a clean energy vector if the related production technologies are also clean (Sharma et al.,
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2021). Water electrolysis is considered one of the most effective ways for green hydrogen
production because it employs water as a feedstock and produces solely pure oxygen as
a byproduct. Furthermore, electrolysis can directly use electricity from renewable
sources such as solar, wind, and biomass, resulting in high efficiency and the production
of high-purity hydrogen suitable for conversion into electricity via low-temperature fuel
cells (Shiva Kumar & Himabindu, 2019; Takach et al., 2022).

Argentina has abundant renewable energy resources and significant potential
(particularly in wind energy) to become a major producer and exporter of green hydrogen
(Armijo & Philibert, 2020). Patagonia, located in the southernmost part of the American
continent between the 37th and 56th parallels south, covers an area of approximately
1.05 million km?, 90% of which lies within Argentine territory. Although it accounts for
nearly one-third of the country’s land area, less than 5% of the country’s population
resides there. The region is characterized by a dry climate and persistent, high-intensity
winds driven by Pacific air masses. These conditions, combined with vast available land,
create exceptional wind resources hardly matched globally (Aprea & Bolcich, 2020). Sigal
et al. (2014) reveal wind resources mostly concentrate in southern Chubut Province,
particularly in the Escalante Department, whose main urban center is Comodoro
Rivadavia. This area has been identified as having one of the highest hydrogen production
potentials, estimated at 464 t/km?/year (Sigal et al., 2014). In addition, feasibility studies
on large-scale liquid hydrogen production from wind energy have highlighted the
Comodoro Rivadavia region as especially suitable due to the availability of detailed
meteorological data, existing infrastructure, and strong wind potential
(Monnich et al,, 2004).

While technical factors define the theoretical potential for decarbonization, non-technical
factors (such as costs, environmental impacts, regulatory frameworks, public acceptance,
and consumer preferences) largely determine the extent of real-world implementation
(Baur et al.,, 2022). Social acceptance plays a critical role, as it can facilitate political
support and stimulate investment by industry and governments, whereas social
opposition may result in delays or even the cancellation of energy infrastructure projects
(Bock & Reimann, 2017). Consequently, social acceptance has become a central
dimension in the development of renewable energy technologies (Yu et al, 2017).
To better understand the elements affecting support for or resistance to new technology,
researchers should examine citizens' opinions of potential risks and rewards
(whether social, environmental, or economic).

At present, scientific, technological, and industrial systems are increasingly focused on
hydrogen across its entire value chain (Abdalla et al, 2018). However, research
addressing social and environmental dimensions remains limited and is largely
concentrated in Europe (Gamboa & Munda, 2007; Langbroek & Vanclay, 2012; Kavanagh,
2017; Koj et al., 2017; Schlor et al., 2017; Zhao & Ravn Nielsen, 2018; Emmerich et al.,
2020; Heras & Martin, 2020; Llera-Sastresa et al., 2020; You et al., 2020; Flachsbarth et
al, 2021; Baur etal,, 2022; Zhang et al., 2022; Haufermann et al., 2023). Although several
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studies have examined green hydrogen production and wind energy potential in
Patagonia (Monnich et al.,, 2004; Aprea, 2009; Sigal et al., 2014; Aprea & Bolcich, 2020;
Armijo & Philibert, 2020), research on social perceptions of the combined production
process in this region is currently lacking. As a result, while green hydrogen is widely
promoted as a key solution for decarbonization, the local social implications of its
development remain underexplored.

This study examines social perceptions of green hydrogen production through water
electrolysis powered by wind energy, as well as its use as an energy vector. The selected
study area is Argentine Patagonia, specifically the Atlantic coastal zone of southern
Chubut Province, chosen due to its exceptional wind potential and favorable
infrastructure conditions (Monnich et al., 2004; Sigal et al., 2014). Logistical advantages
related to maritime transport were also considered, both for domestic supply and
potential export. Accordingly, the study explores the knowledge and acceptance of
renewable energies and green hydrogen, social concerns regarding potential socio-
environmental impacts of green hydrogen and wind farms, and preferences regarding the
destination of the produced energy. The research adopts an exploratory approach based
on a local population sample, providing initial insights into social perceptions in a region
of high strategic relevance for future green hydrogen development.

2. Methods

The study was conducted considering the entire green hydrogen production process,
namely i) generation of wind energy through the establishment of wind farms, ii)
hydrogen production through water electrolysis using electrolyzers, and iii) using
compressors to produce compressed hydrogen as the final product. This hydrogen can
either be used directly or converted into electricity in a power plant.

The evaluation of social acceptance was carried out at the local level, as people often show
mixed attitudes towards energy technologies in general while displaying resistance to
specific local projects. Local acceptance largely depends on the specific variables of the
project; for instance, in the case of wind energy, visual impacts are a risk associated with
local acceptance (Baur et al., 2022). Therefore, based on studies by Kavanagh (2017),
Llera-Sastresa etal. (2020), and Westrom (2020), the primary stakeholders (based on the
potential impact) were defined as the local and regional community and municipal actors
in the Departments of Escalante, Rawson, and Viedma, considering the main coastal
population centers of Comodoro Rivadavia, Trelew, and Puerto Madryn.

Surveys were conducted with the population using a quantitative method to assess social
perception (Groth & Vogt, 2014; Kavanagh, 2017; Morante et al., 2020; Baur et al., 2022).
The questions were drafted considering the socio-environmental impacts identified by
Kavanagh (2017), Koj et al. (2017), Schlor et al. (2017), Ingaldi and Klimecka-Tatar
(2020), Haase et al. (2022), among others. The survey used Google Forms and consisted
of two sections: the first collected general sociodemographic information from
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participants, and the second focused on knowledge and perceptions related to hydrogen
and its potential impacts.

The survey was completed by a total of n = 134 respondents. All perception-related items
were measured using a 5-point Likert scale, where 1 corresponds to very
negative/strongly disagree and 5 to very positive/strongly agree. The questionnaire was
designed to be understandable to any resident of the study region, regardless of
educational background, and to be completed within a short time frame (approximately
5 minutes). Data analysis was performed using IBM SPSS Statistics 27.0.1 software,
through descriptive statistical analysis of the responses.

2.1 Ethical considerations

The study consisted of anonymous surveys administered to individuals residing in a
specific region. No identifiable personal data or sensitive information were collected.
Formal ethical approval from an ethics committee was not required, as the research
involved only anonymous data collection. Nevertheless, all relevant ethical guidelines
were respected throughout the research process.

2.2 Measurements

To assess the level of knowledge and acceptance of renewable energies, hydrogen in
general, and green hydrogen in particular, generic questions such as «Have you heard
of..?» and «What do you think of..?» were asked, with responses on a Likert scale.
Responses to two statements: «Green hydrogen is a clean energy that does not generate
emissions» and «Green hydrogen is an important potential energy source» were used to
assess more detailed knowledge of green hydrogen. To guarantee greater comprehension
among the general public, the phrase «energy source» was chosen instead of
«energy vector».

Social concerns about the potential impacts of green hydrogen on society and the
environment were investigated using questions such as «Can the production of green
hydrogen have effects on society/environment?» and «Which effects do you consider
important?». Based on the literature, a set of predetermined response options
representing regularly identified public concerns were supplied, as well as an open-ended
option for further remarks. Similar methods were used to analyze social attitudes toward
wind farms.

Finally, respondents were asked about their preferences regarding the final use of the
produced energy, specifically whether it should be used to supply their place of residence
and/or be exported, acknowledging that potential investments in green hydrogen
infrastructure could involve foreign capital oriented toward export markets.



REVISTA KAWSAYPACHA. SOCIEDAD Y MEDIO AMBIENTE N° 17 (2026), A-009

3. Results and discussion

Surveys are an effective methodological tool for finding societal barriers to developing
energy technologies, particularly those linked to insufficient information, perceived
hazards, and uncertainty among the public (Ingaldi & Klimecka-Tatar, 2020; Baur et al.,
2022). This study included voluntary surveys completed between July and August 2022.
The questionnaire was specifically prepared for residents of the research region who
lacked specialist technical understanding of hydrogen energy and had diverse educational
backgrounds; as a result, the language and content were tailored to ensure accessibility
and comprehension.

[t is crucial to note that hydrogen energy is still a relatively unknown and technically
complex topic among the general population (Morante et al., 2020; Haufermann et al.,
2023). This attribute most likely influenced respondents' involvement rates as well as
their levels of familiarity. As a result, the sample size is relatively small. Nonetheless, the
study takes a social and exploratory approach rather than a technical or statistically
representative one, focusing on respondents’ opinions, attitudes, and perceptions to
assess levels of knowledge, acceptance, perceived concerns, and preferences for the use
of green hydrogen-produced energy.

3.1 Demographic profile of respondents

The survey was completed by 134 people in total. The majority of them lived in the
Province of Chubut's most populous urban areas, such as Puerto Madryn (25%),
Comodoro Rivadavia (16%), and Trelew (37%), along with other places like Puerto San
Julidn, Rawson, and Puerto Piramides. Men made up 60% of the responses, while women
made up the remaining participants. The bulk of responders were between the ages of 30
and 65, however the age spread was wide (Figure 1).

Figure 1. Demographic profile of participants
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With 72% of participants having earned a university degree or now engaged in higher
education, the sample surveyed demonstrated a rather high educational level. This
educational profile is in line with the exploratory aspect of the study, even though it is not
entirely typical of the region's general population, which restricts direct extrapolation of
the results. Furthermore, early public conversations and policy debates about developing
energy technology may be especially pertinent to this demographic. In this way, the
findings provide insightful information about how a knowledgeable local population
views green hydrogen, which may have an impact on the early phases of societal
acceptance and decision-making.

3.2 General knowledge and acceptance

The overall knowledge and opinions of respondents about renewable energy, hydrogen
in general, and green hydrogen in particular are depicted in Figure 2. According to the
findings, the vast majority of participants have positive opinions about renewable energy
sources (87%), are aware that hydrogen is a viable energy source (85%), and are familiar
with green hydrogen (72%). These technologies are generally regarded favorably,
suggesting that the community polled has a high degree of early-stage societal acceptance.
About one-fifth of respondents indicated neutral or unsure attitudes, especially with
regard to hydrogen technologies, whereas negative evaluations were negligible
(less than 5%).

There was no discernible pattern of severe opposition, despite the fact that adoption of
hydrogen-related technologies was marginally lower than that of renewable energies
generally. This could be explained by the fact that, in comparison to more well-established
renewable technologies like wind or solar energy, green hydrogen is still relatively
unknown to a portion of the population and is still in its early stages of public diffusion
(Zimmer & Welke, 2012; Haufsermann et al., 2023).

Figure 2. General knowledge (A) and acceptance (B) of renewable energies and hydrogen
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Similarly, as shown in Figure 3, most respondents agreed or strongly agreed that green
hydrogen represents an important potential energy source (84%) and that it constitutes
a clean energy that does not generate pollutant emissions (78%). Neutral responses
(around 15%) likely reflect uncertainty or limited information rather than
explicit rejection.

Figure 3. Perception of green hydrogen
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Taken together, these findings indicate a generally positive perception of green hydrogen
and a favorable context for early-stage social acceptance in the study region. However,
this perception should be interpreted with caution, as it may be influenced by the
educational profile of the sample respondents. The high proportion of respondents with
higher educational attainment may facilitate greater exposure to messages on energy
transition and climate change, informing more favorable attitudes toward emerging
technologies. Consequently, perceptions among more heterogeneous social groups
may differ.

Similar patterns have been reported in other contexts where emerging energy
technologies tend to be positively perceived when framed within narratives of
environmental protection, development, and technological modernization, particularly
among urban and educated populations (Zhao & Ravn Nielsen, 2018; Ingaldi & Klimecka-
Tatar, 2020). Nonetheless, previous studies suggest that such initial acceptance often
precedes more critical debates on territorial impacts and governance as projects move
toward implementation, particularly once concrete projects, land-use changes, or
distributional impacts become visible.

3.3 Social concerns

Figure 4 presents respondents’ perceptions regarding potential societal and
environmental effects associated with green hydrogen production and wind farms. Most
participants (80%) indicated that green hydrogen production could generate social and
environmental effects (responding «yes» or «maybe»). The most frequently mentioned
perceived benefits were increased awareness of renewable energies, greater energy
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autonomy, and job creation (63%, 57%, and 56%, respectively). Potential health and
safety improvements were mentioned less frequently (27%).

Regarding environmental aspects, concerns primarily related to potential impacts on air
and water quality and on flora and fauna (approximately 50%), followed by visual impacts
and land use (41%). A smaller proportion of respondents (14%) reported limited
familiarity with green hydrogen, indicating persistent informational gaps.

In relation to wind farms, 73% of respondents indicated that their implementation could
entail local effects, with economic development emerging as the most frequently cited
benefit (74%). Concerns related to changes to the landscape (42%), land use changes
(33%), and noise (16%) were reported less frequently.

Notably, safety-related concerns commonly emphasized in studies on hydrogen
technologies, such as explosion risks, were largely absent in this study (Ricci et al., 2008;
Emmerich et al, 2020; Baur et al, 2022). This may be partly explained by the
characteristics of the survey’s sample, as higher educational attainment and prior
familiarity with renewable energy concepts have been associated with lower perceived
technological risk, particularly in early, non-site-specific stages of project discussion
(Emmerich et al.,, 2020; Haufermann et al., 2023), and should not be interpreted as
evidence that safety issues would remain marginal in later stages of project development.

Figure 4. (A) Perception of potential effects on society/environment of green hydrogen
and wind farms. (B) Public concerns about production process
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Figure 5 shows respondents’ preferences regarding the final use of the energy produced
near their place of residence. Approximately 90% supported prioritizing local supply,
even if part of the production is exported, while exclusive export-oriented use received
notably lower levels of support.
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Figure 5. Preferences on the final use of energy produced
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Overall, the concerns and expectations identified in this study appear to be driven more
by anticipated regional development benefits and energy autonomy than by direct
experience with infrastructure-related impacts, highlighting the relevance of social
perception studies in early policy and planning stages. Similar dynamics have been
reported in international studies on emerging energy technologies, where social
acceptance is closely linked to expectations of local benefits and fair distribution of
outcomes (Kavanagh, 2017; Zhao & Ravn Nielsen, 2018). In Latin America, these
expectations are often embedded in broader territorial and socio-environmental
narratives surrounding energy transitions and development, as discussed by Svampa
(2019), reinforcing the importance of addressing local priorities from the early stages of
energy planning. In this sense, recent analyses on green hydrogen in the region emphasize
its framing as both a decarbonization strategy and a development opportunity
(Aranibar Ramos & Olarte Pacco, 2024).

3.4 Correlation between variables

To examine the relationships between knowledge of green hydrogen and public attitudes
or concerns, correlation analyses were performed using statistical tests selected
according to the nature of the variables. For nominal variables, Pearson’s Chi-square test
was applied, with the null hypothesis stating that no association exists between the
variables. When the significance level was below the 5% threshold, the null hypothesis
was rejected and the Pearson contingency coefficient was used to estimate the strength
of the association, ranging from 0 (no association) to 1 (strong association) (Schober et
al, 2018). For ordinal variables, Spearman’s rank correlation coefficient (rs) was
employed to assess both the direction and strength of the association
(Schober et al., 2018).

To explore the relationship between awareness of green hydrogen and perceived societal
and environmental implications, three tests were conducted.
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Test 1 analyzed the association between the variables «aware of green hydrogen» and
«considers that green hydrogen may have effects on society». As both variables are
nominal, Pearson’s Chi-square test was applied. The results yielded a significance value
0f0.010 (< 0.05) and a contingency coefficient of 0.427, indicating a moderate association
between awareness of green hydrogen and perceptions of societal effects.

Test 2 examined the relationship between «aware of green hydrogen» and «considers
that green hydrogen may have effects on the environment». The Chi-square test produced
a significance value of 0.002 and a contingency coefficient of 0.460, also indicating a
moderate association between the variables.

Test 3 focused on the relationships among the ordinal variables «concept of green
hydrogen», «green hydrogen is a clean energy that does not generate emissions», and
«green hydrogen is potentially an important energy source». Spearman’s correlation
analysis (Table 1) revealed statistically significant positive associations (p < 0.05) across
all variable pairs. In practical terms, respondents who held a more positive overall
concept of green hydrogen were more likely to perceive it as both a clean energy option
and a relevant potential energy source, with correlation strengths ranging from
moderate to strong.

Table 1. Correlation Coefficients for Test 3

Spearman’s Coefficient (rs) Is a clean energy source  Is a potential energy source
Concept of green hydrogen 0.500 0.502
Is a clean energy source - 0.699

*The correlation is significant at the 0.01 level.

Taken together, these results highlight the value of public acceptance surveys, even when
applied to individuals without direct experience with a specific energy technology.
Although the term “green hydrogen” has not yet fully entered the broader societal
vocabulary, the surveyed population demonstrates a general openness toward hydrogen
technologies, largely associated with their perceived contribution to environmental
protection (Zimmer & Welke, 2012; Hauf3ermann et al., 2023). In contrast, safety-related
issues (often emphasized in expert-driven assessments) do not appear to constitute a
decisive factor influencing acceptance in this study (Ricci et al., 2008). Consistent with
previous research, these findings underscore the importance of environmental awareness
as a key driver of acceptance for emerging hydrogen technologies (Emmerich et al., 2020;
Haufdermann et al.,, 2023).

From a practical perspective, the observed correlations suggest that greater familiarity
with green hydrogen is associated with more favorable attitudes toward its perceived
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societal and environmental implications. This highlights the relevance of information
provision and awareness-raising strategies during early stages of project planning,
particularly in contexts where large-scale hydrogen deployment remains prospective.

3.5 Limitations and avenues for future research

This study has several limitations that should be acknowledged. The most relevant
limitation concerns the educational profile of the surveyed sample, as 72% of respondents
have completed or are currently pursuing university studies. This overrepresentation
may influence the observed perceptions, particularly the strong association of green
hydrogen with the notion of a “clean energy source”, a concept widely disseminated in
academic, technical, and policy-oriented discourses.

Higher educational attainment is often associated with greater access to information on
climate change, decarbonization strategies, and renewable energy technologies, which
may foster more favorable attitudes toward emerging energy solutions. Consequently, the
findings should be interpreted as representative of a specific social segment rather than
of the broader population, where perceptions may be more heterogeneous and
potentially shaped by concerns related to local resources, livelihoods, or
access to services.

Another limitation relates to the prospective nature of green hydrogen development in
the study region. As the survey was conducted in a pre-implementation context, the
results reflect expectations and anticipatory perceptions rather than responses grounded
in direct experience with infrastructure projects.

Future research should aim to include more heterogeneous and representative samples
and to incorporate qualitative approaches, such as interviews or focus groups, to better
capture how perceptions are constructed across different social groups. In addition,
further studies could explore how public perceptions interact with local and national
policy frameworks, particularly regarding decisions on the final use of energy (for export
or local consumption) which emerged as a relevant concern among respondents.

4. Conclusions

This study analyzed social perceptions of green hydrogen production from wind energy
in Argentine Patagonia and examined the relationships between knowledge and
acceptance variables. The results indicate that, within the surveyed population, green
hydrogen is largely associated with the idea of clean energy and is generally
perceived favorably.

Social acceptance emerges as a relevant factor in the early stages of energy planning, as
public perceptions may influence future political support and investment decisions.
Although green hydrogen remains less well-known than other renewable energy
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technologies, respondents predominantly emphasized expected benefits related to
economic development, job creation, increased awareness of renewable energies, and
energy autonomy. This is consistent with the strong preference for prioritizing local
energy supply over exclusively export-oriented uses.

These findings should be interpreted with caution, given the exploratory nature of the
study and the high proportion of respondents with higher educational attainment, which
may contribute to more favorable perceptions. Nevertheless, the results provide valuable
initial insights into social acceptance dynamics in a region of the Global South with
significant strategic potential for green hydrogen development. From a policy
perspective, the study highlights the importance of integrating social considerations and
transparent communication strategies at early stages of energy planning. Further
research based on more diverse and representative samples, as well as qualitative
approaches, is recommended as green hydrogen initiatives advance in the region, where
energy transitions intersect with long-standing territorial and development challenges.
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