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Abstract: Hydrogen has great growth potential due to its green, carbon-neutral nature, but public
acceptance is low due to negative perceptions of the dangers associated with hydrogen energy. Safety
concerns, particularly related to its flammability and explosiveness, are an obstacle to hydrogen
energy policy. In South Korea, recent hydrogen-related explosions have exacerbated these concerns,
undermining public confidence. This study developed public relations (PR) strategies to manage
risk perception and promote hydrogen energy acceptance by analyzing the opinions of government
officials and experts using SWOT factors, the TOWS matrix, and the analytic hierarchy process.
The findings highlight the importance of addressing weaknesses and threats in PR efforts. Key
weaknesses include Korea’s technological lag and the low localization of core hydrogen technologies,
both of which hinder competitiveness and negatively impact public perception of hydrogen energy.
Notable threats include deteriorating energy dependency and expanding global carbon regulations.
This information can be used to influence attitudes and foster public acceptance of hydrogen energy
policies. Emphasizing weaknesses and threats may result in more effective PR strategies, even if they
do not directly address the primary concerns of scientific experts. The persuasive insights identified
in this study can support future policy communication and PR strategies.

Keywords: hydrogen policy; policy PR; hydrogen risk; expert survey; SWOT-AHP

1. Introduction

Global hydrogen use reached 95 Mt in 2022, exhibiting a nearly 3% growth per year
in all major hydrogen-consuming regions, except for Europe, probably due to increasing
natural gas prices [1]. Since 1975, global hydrogen demand has grown significantly, in-
creasing by over 3.5 times [2]. This rapid growth has led to a pressing need for hydrogen
energy-related policies. Hydrogen energy, which can be harnessed from a diverse range
of sources, exhibits an exceptional growth potential due to its eco-friendly, carbon-neutral
characteristics [3–6]. Based on announced and targeted investment estimates worldwide,
the global hydrogen energy market is projected to reach USD 500 billion by 2050 [7]. As a
consequence, governments are taking several measures to bolster technological advantages
in this market, including legislation and increased budgets to promote hydrogen technol-
ogy development and energy distribution. Recent studies suggest that the growth of the
global hydrogen market is further accelerated by governmental support and technological
advancements. For example, China anticipates rapid growth in its hydrogen market from
2020 to 2060, driven by cost reductions and increasing demand [8]. Additionally, hydrogen
energy is expected to play a crucial role in the next decade’s major energy transitions,
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with extensive research and development activities worldwide [9]. European countries
are also strengthening their hydrogen energy strategies in alignment with the European
Union’s policy goals [10]. In 2022 alone, the South Korean government allocated KRW 171.8
billion (USD 120 million) to hydrogen energy research and development, encompassing
production, utilization, storage, and safety technology [11]. Furthermore, various policy
initiatives fostering collaboration between hydrogen energy-related industries and the
private sector have been implemented.

Recent research emphasizes the importance of effective PR strategies for promoting
hydrogen energy policies. For instance, the European Union, the United Kingdom, and the
United States have adopted diverse policy approaches to promote hydrogen energy and
decarbonization [12]. Moreover, the United States has launched a national clean hydrogen
strategy and roadmap to accelerate the hydrogen economy [13].

Despite these governmental interventions, public sentiment is predominantly charac-
terized by a negative perception of the dangers associated with hydrogen energy. Safety
concerns originate from the flammability and explosiveness of hydrogen and constitute an
obstacle hindering significant development [4,14,15]. In South Korea, a series of explosion
incidents involving hydrogen tanks and factories in Gangneung, Yeosu, and Gunsan has
fueled concerns, eroding public trust in hydrogen energy [14,15]. Accidents amplify per-
ceived risks beyond actual probabilities, ultimately creating skepticism and undermining
the effectiveness of policies aimed at expanding the use of hydrogen energy.

Risk perception is an aspect of human psychology that transcends the bounds of
verifiable truth and logical fact-based reasoning. Consequently, fostering public support
for hydrogen energy requires a comprehensive approach involving policy considerations
and PR strategies. This study aims to enhance public acceptance and support for hydrogen
energy policies in South Korea by establishing an effective PR strategy. This study employs
a combined SWOT (Strength–Weakness–Opportunity–Threat) analysis and analytic hier-
archy process (AHP) to systematically evaluate the strengths, weaknesses, opportunities,
and threats related to hydrogen energy policies in South Korea. SWOT analysis is used to
identify the key internal and external factors impacting the policy landscape, while the AHP
technique prioritizes these factors based on expert evaluations. The results are then utilized
in a TOWS (Threat–Opportunity–Weakness–Strength) matrix, which helps in formulating
strategic action plans by matching internal strengths and weaknesses with external op-
portunities and threats [16]. The TOWS matrix enables the development of strategies that
can attack, defend, improve, or avoid specific scenarios based on the identified priorities,
ultimately aiming to enhance public acceptance of hydrogen energy.

Hydrogen energy is poised to play a significant role in the energy transition over the
next decade [9]. Recognizing this, European countries have identified the importance of
effective PR strategies in their hydrogen energy policies [10]. It may also be helpful for
South Korea to consider how it can communicate and persuade the public, considering risk
perceptions, to build a hydrogen energy ecosystem. Additionally, sharing South Korea’s
experience may offer valuable insights to many countries that are facing similar challenges
in expanding the adoption of hydrogen energy.

2. Theoretical Background

The advantages of adopting any technology are often intertwined with inherent risks.
For instance, car transportation is challenged by the risk of rear-end accidents due to high-
speed driving associated with the expansion of the human activity radius. Similarly, while
nuclear power generation can offer cost-effective city-level electricity, it is also susceptible to
accidents that can devastate entire cities. The human process of weighing potential benefits
against risks can be modeled through the concept of risk perception. Risk perception
studies have primarily focused on human perspectives and biases, which often result
in an overestimation of risks due to the lack of an objective method for risk probability
calculation [17,18]. While there are objective statistics such as accident rates and mortality
that reflect the actual risk level of any technology, biases stemming from fear and anxiety
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tend to magnify and exaggerate these risks [19,20]. The tendency to exaggerate the risks
of technology to the point of overshadowing its benefits is a common phenomenon, as
demonstrated in the widespread fear of air travel compared to car travel. Despite the fact
that, in terms of deaths per 100 million miles, cars are 635 times more dangerous than
commercial airplanes [21], a significant number of individuals still harbor a greater fear
of flying.

Risk perception plays a pivotal role in shaping public attitudes toward adopting or
resisting specific technology-related behaviors and policies. High levels of public-perceived
risk associated with a particular technology tend to increase resistance to policies that
promote its development and distribution. Numerous studies have demonstrated that risk
perception varies with the level of information and benefits, which can counteract risk
biases [20]. In the context of South Korea’s government policies promoting hydrogen energy,
entailing both benefits and risks, specific incidents have served as catalysts in altering
public sentiment by diminishing the perceived benefits in relation to the risks involved.
Extreme events, such as disasters, overshadow the perceived advantages of technology
and draw significant attention, subsequently raising risk awareness [22]. In South Korea,
incidents such as the Gangneung hydrogen tank explosion (2019), the Yeosu hydrogen
plant incident (2022), and the Gunsan hydrogen tank explosion (2023) have collectively
led to widespread resistance against hydrogen energy. According to Kim et al. [23], who
conducted a study on public attitudes towards hydrogen energy, there is a strong lack of
acceptance and increased concerns regarding the risks associated with hydrogen energy.
Under these unfavorable public risk perception conditions, policies aimed at promoting
hydrogen energy face opposition from public opinion, which hinders their progress and
implementation.

To help the public comprehensively grasp the risks and benefits of hydrogen energy
and make informed decisions for or against it, a unique PR process tailored to hydrogen
energy policies is imperative. In this context, “PR” refers to a strategic communication
process designed to foster mutually beneficial relationships between organizations and
their stakeholders [19]. Typically, PR strategies involve promotions and mass campaigns
utilizing various media channels. Furthermore, government officials often view PR as a
tool for advancing their political agendas and projecting a positive public image, focus-
ing on message control and portraying the government in the best possible light, while
media reports and press conferences are often prioritized over long-term relationship build-
ing [24,25]. Even though these methods may yield tangible and positive short-term results,
recognizing that PR is a strategic communication process for managing relationships with
stakeholders capable of influencing public attitudes and behaviors is essential. The essence
of PR philosophy lies not solely in disseminating messages but also in understanding and
addressing the underlying concerns that influence the stakeholder’s perceptions. On such
a basis, solid public support is cultivated over time through consistent communication and
actions rather than relying on isolated campaigns or press releases. Approaching informa-
tion dissemination carefully is crucial for mediating persuasion and achieving a gradual
but powerful change in public perceptions that may be predisposed to risk aversion [26,27].
Kim et al. [23] suggested that, given the current limited awareness and knowledge concern-
ing hydrogen energy in South Korea, the importance of providing accurate and regular
information should not be underestimated. This highlights the necessity of a strategy aimed
at effectively communicating the future implications of hydrogen energy policies, their
potential benefits, and their external influencing factors to the public to transform public
opinion into a driving force for policy decisions.

Many scientific organizations have been utilizing PR to enhance communication
with the public, create and maintain trust with their stakeholders, and achieve strate-
gic goals [28,29]. Key communication strategies include information-sharing and public
engagement. Public engagement focuses on building relationships through active involve-
ment, while information-sharing emphasizes enhancing public education and understand-
ing [30,31]. Among the PR tools used by scientific organizations, new technologies such as
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blog posts serve as standard and effective means for information-sharing, bridging the gap
between science and the public and improving public understanding and familiarity with
science that influences everyday culture [32]. Two paradigms have been used in science
communication PR studies to categorize the relationship between science and the public.
One is the traditional knowledge-deficit model, which is characterized by the phrase “the
more you know, the more you will love it” [33]. This model centers on addressing potential
information deficits to enhance citizen scientific literacy, which, in turn, is expected to boost
public support for scientific research [34,35]. Thus, the knowledge-deficit model perspec-
tive requires the improvement of scientific understanding in different types of audiences to
achieve effective scientific communication [36,37]. However, the validity of this hypothesis
has been consistently challenged due to a lack of empirical evidence [38]. Efforts to address
knowledge gaps have led to some enhancements in public understanding, but these efforts
are constrained in terms of fostering trust and credibility [31,34]. In contrast, the public
engagement model considers the relationship between the public and science as a reciprocal
exchange of information. Unlike the one-way transmission of the knowledge-deficit model,
public engagement emphasizes the active role and involvement of the public [39,40]. In
the later model, communicating science involves an interaction or dialogue between the
public and science, encompassing not only scientific but also ethical, legal, and social is-
sues [41–43]. However, public engagement assumes that participating individuals possess
a high level of scientific knowledge [44] and a positive attitude towards science prior to
their engagement [45]. Both models share the premise of a dynamic interaction between
science and the public, which may be unrealistic.

To address the limitations of the previous paradigms, an alternative model has been
proposed by Scheufele [31], adding a new perspective. This model introduces the concept
of “mediated realities” and emphasizes the significance of the public’s cognitive abilities
and daily exposure to information. According to Scheufele [31], scientific facts and realities
are transformed into “mediated realities” through daily exposure to scientific information
via mass or online media, influencing public attitudes and opinions. The above model is
considered to be more reflective of reality as it acknowledges the public’s cognitive tenden-
cies, which are often overlooked by traditional paradigms. The subset of the public willing
to invest time and effort in understanding complex knowledge and actively participate
in engagement is limited to those with a high level of scientific literacy. The conversion
of scientific facts into mediated realities is achieved through an agenda-setting process
performed by the media, which determines their relationships with the public. In this
light, this study aimed to establish a PR strategy by identifying information priorities for
promoting the public acceptance of the hydrogen energy policy in South Korea.

3. Research Design and Methods

Under the context of South Korea’s ongoing goal of establishing hydrogen energy
policies, it is crucial to explore the types of information that can control negatively biased
public risk perceptions and form effective PR based on the capabilities and external envi-
ronments of the South Korean government. To this end, this study used SWOT analysis,
an environmental analysis technique used for establishing an organization’s strategy, com-
bined with AHP techniques, used for multi-standard decision-making. SWOT analysis
is the most popular strategic tool for exploring systematic decision-making by reviewing
external environments and internal capabilities. This analytical method is used to identify
the strengths, weaknesses, opportunities, and threats an organization faces, while AHP is
used to analyze the priorities of these factors and determine the optimum course of action.

The combined technique (SWOT-AHP) constitutes a more comprehensive and system-
atic decision-making approach because it considers both quantitative and qualitative factors
that affect the organization. Under this framework, strengths refer to internal attributes
that offer a competitive advantage to the organization, including resources, skills, and
procedures, whereas weaknesses correspond to internal attributes that can hinder success
and refer to insufficient resources, skills, or procedures. Opportunities, on the other hand,
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are external attributes that can positively impact a market expansion or a development
concerning the technological environment, law, or institution. Finally, threats are external
attributes that can have negative impacts on the organization, such as a market reduction,
intensified competition, and economic recession. The competencies and environmental
factors under this context are used as criteria for the AHP twin comparison. Factors with
relatively high priority can be quantitatively identified by evaluating the weight of each
criterion provided by government officials and experts. This evaluation can then be used
to construct a TOWS matrix, which can help explore a specific strategic orientation based
on the identified factors and their corresponding weights. While the SWOT analysis is a
planning tool, the TOWS matrix can serve as an action plan [16]. Combining competency
and environmental factors can be used to establish four types of strategies: SO (Attack), ST
(Defend), WO (Improve), and WT (Avoid). Strategies can be identified as important factors
using SWOT-AHP analysis [46,47] (See Figure 1 below).
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Lee et al. [48] explored a strategy to improve the public acceptance of hydrogen charg-
ing stations using the SWOT-AHP approach similar to the analytical approach adopted in
the present study, focusing on the relationship between technology and the public. How-
ever, their study specifically examined hydrogen charging stations, whereas the present
study focuses on the broader scope of hydrogen energy policy. This broader perspective al-
lows for a more comprehensive analysis of policy implications through result comparisons.

Specifically, this study reviewed government-established plans, corporate reports,
and relevant data to identify SWOT factors. This evaluation led to the identification of
three strengths and weaknesses in South Korea’s hydrogen energy technology, along with
external opportunities and threats impacting the South Korean government—the principal
body responsible for energy policies. The strengths and weaknesses identified are rooted
in the inherent attributes of hydrogen energy and South Korea’s technology, whereas
opportunities and threats stem from the South Korean government’s policy environment.
These SWOT factors were found to collectively determine internal competencies and
external factors affecting public support or resistance. To enhance the effectiveness of
existing PR strategies, we applied AHP to gauge the significance and priority of these
SWOT factors within the hydrogen energy policy context.
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Overall, the four SWOT factors are summarized in Table 1 below.

1. Strengths.

Table 1. SWOT factors influencing public relations policy for hydrogen.

Factor

Strength

Safety of hydrogen energy

South Korea’s technological advancement

Key tools for carbon neutrality

Weakness

Price competitiveness of production

South Korea’s technological gap

Low localization of core technology

Opportunity

Growth of the global hydrogen economy

Reducing the imbalance in electricity demand

Industry for national economic growth

Threat

Deteriorating energy dependency

Expansion of global carbon regulation

Increasing energy cost

The effective communication of the relative safety of hydrogen energy depends on
information capable of mitigating public risk perception and is a key element of PR. Al-
though it is a very relative concept, hydrogen can sometimes be safer than conventional
fuels. For example, a recent study by Nechyporenko and Jeong [49] found that hydrogen
exhibits superior fire behavior compared to traditional marine fuels, suggesting it can be a
relatively safe fuel choice. Jeong et al. [50] conducted a risk assessment of fuels, ranking
hydrogen < propane (LPG) in terms of risk, indicating that hydrogen fuel can be considered
relatively safer than traditional LPG.

This was demonstrated in a study comparing fuel safety based on 11 fuel characteris-
tics, including fuel toxicity, ignition temperature, and explosion energy, which reported
that, using hydrogen safety as reference (a value of 1), methane was evaluated as 0.80
and gasoline was evaluated as 0.53. Furthermore, hydrogen is considered to be a clean
energy source and key to achieving carbon neutrality. Fueled by the international interest
in carbon neutrality, hydrogen demand is increasing worldwide, and its production in 2021
was estimated to be 94 million tons [51]. State-of-the-art hydrogen-related technologies
are crucial for persuading the public of the benefits of hydrogen energy. Currently, South
Korea has acquired excellent technologies in the utilization sector, with a focus on mobility
and fuel cells.

2. Weaknesses.

South Korea’s current hydrogen production relies heavily on white hydrogen, which
constrains its production capacity. Therefore, investments to ensure stable and long-term
hydrogen production are required. Additionally, alternative storage technologies are re-
quired for bulk hydrogen transportation beyond gas compression, as current options are
still under evaluation and development. As a result, the price competitiveness of hydrogen
energy is currently lower than that of conventional energy, which is a significant limita-
tion. South Korea’s current technological level is estimated to be approximately seven
years behind that of leading hydrogen countries, and efforts are being made to narrow the
technology gap to ensure the price competitiveness of hydrogen energy in the future. Ad-
ditionally, the localization of core technologies and production and storage compartments,
such as charging stations (compressors and storage tanks), power generation technolo-
gies (catalysts and GDL), and major materials like carbon fibers has been characterized
as insufficient.
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3. Opportunities.

The expansion of the global hydrogen market has provided the South Korean gov-
ernment with opportunities to establish and promote hydrogen energy policies. Global
hydrogen demand is growing at an annual average rate of 6.7%, with the global hydrogen
energy market expected to reach USD 500 billion by 2050 [2,7]. Market expansion also
serves as an opportunity to improve South Korea’s economic and industrial aspects. Hy-
drogen energy is expected to both drive the development of new energy industries and
have a significant economic impact on traditional industries [7,51]. The ability of hydrogen
production to address the imbalance between power supply and demand presents a valu-
able opportunity for strengthening the security of the hydrogen energy policy. Hydrogen
is a versatile energy source that can be readily converted into electricity, gas, and heat,
making it a viable solution for mitigating the challenges posed by seasonal fluctuations in
energy demand and imbalances in energy supply and demand. More specifically, hydrogen
is primarily converted into hydrogen gas, which is its most common and straightforward
form, through processes such as the electrolysis of water or steam methane reforming.
Hydrogen gas conversion has several applications; it can be used for energy storage, fuel
cells, industrial processes (such as ammonia production for fertilizers), heating, and trans-
portation (in the case of fuel cell electric vehicles). By converting hydrogen into a gas
form, it becomes a flexible and portable energy carrier that can help balance energy supply
and demand.

4. Threats.

The various energy policy challenges faced by the South Korean government—the
primary authority—are considered environmental factors. South Korea’s lower technolog-
ical competitiveness in hydrogen production compared to leading countries contributes
to its reliance on imported energy resources. According to World Intellectual Property
Organization (WIPO) statistics for hydrogen production-related patents per country, the
US, China, Japan, and Germany hold significantly more patents than South Korea.

Additionally, the country’s lower ratio of renewable energy production to energy
diversity compared to advanced-energy countries hinders its ability to effectively manage
supply risks, making it more vulnerable to fluctuations in the global energy market [52].
South Korea’s increased energy dependence leads to a higher impact of the external envi-
ronment on energy security and higher costs. Recently, energy and raw material prices have
been rising due to disturbances in the energy supply chain worldwide and the prolonged
fluctuations in oil prices [53]. Such volatility in energy source costs, in combination with a
high rate of dependence, reaching 92.8%, threatens South Korea. The increasing demand for
global carbon neutrality is an additional external constraining factor. In recent years, due to
socioeconomic pressure, the goal of carbon neutrality has been implemented as a practical
regulatory measure. As of 2022, 83 countries (responsible for 74.2% of the global green-
house gas emissions) have committed to achieving carbon neutrality [54]. In 2022, the EU’s
provisional agreement on the carbon border adjustment mechanism [55] had a significant
impact on the global trade market, raising concerns about intensive protectionism.

In an AHP analysis, the level of expertise of the survey subjects is the major determi-
nant of the reliability of the analysis results. Consequently, the qualitative robustness of
the study is contingent upon the proper selection of the sample population. In this study,
experts in hydrogen energy or those directly involved in energy policies were selected as
the initial subjects of the survey, and their responses were recorded. The survey was con-
ducted through a web service designed for AHP analysis, with the survey link distributed
via email. Information on respondents, including age, gender, occupation, and education
level, was collected, and a pairwise comparison questionnaire for AHP was presented to
them. Upon completion of the survey, the results were automatically recorded. The survey
included 41 individuals working in government, public research institutes, and universities
who were experts in natural science, engineering, or communication with academic and
practical experience in hydrogen energy policy or PR strategies. The survey revealed that
13 out of 41 respondents had a consistency ratio exceeding 0.2, and 28 were selected for
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the final analysis sample. Although a theoretically verified scale based on clear criteria for
the minimum sample size in AHP analysis has not been established, studies applying this
technique typically use samples ranging from four to nine individuals. This study included
a total of 28 participants, comprising six individuals from government energy policy, eight
from government PR, five from public research institutes, and nine from school institutions.
Thus, the sample size requirements for AHP analysis were met. Details on the experts
included in this study are listed in Table 2.

Table 2. Expert information.

ID Gender Age Education Affiliation Areas of Expertise

1 Male 40–49 years Bachelor Government Natural Science

2 Male 50–59 years Bachelor Government Social Science

3 Male 50–59 years Bachelor Government Engineer

4 Male 40–49 years Bachelor Government Engineer

5 Male 50–59 years Bachelor Government Engineer

6 Male 40–49 years Bachelor Government Engineer

7 Male 30–39 years Bachelor Government (PR) Humanities

8 Male 40–49 years Bachelor Government (PR) Social Science

9 Male 40–49 years Bachelor Government (PR) Social Science

10 Male 40–49 years Master Government (PR) Social Science

11 Male 40–49 years Master Government (PR) Humanities

12 Male 40–49 years Bachelor Government (PR) Social Science

13 Female 30–39 years Bachelor Government (PR) Humanities

14 Male 40–49 years Bachelor Government (PR) Social Science

15 Male 40–49 years Master Public Research Institute Engineer

16 Male 40–49 years Ph.D. Public Research Institute Engineer

17 Male 30–39 years Master Public Research Institute Engineer

18 Male 40–49 years Ph.D. Public Research Institute Engineer

19 Male 40–49 years Ph.D. Public Research Institute Engineer

20 Male 40–49 years Ph.D. University Engineer

21 Male 40–49 years Ph.D. University Engineer

22 Male 40–49 years Ph.D. University Engineer

23 Male Under 30 Bachelor University Engineer

24 Male 40–49 years Ph.D. University Engineer

25 Male 30–39 years Ph.D. University Engineer

26 Female Under 30 Master University Engineer

27 Male 40–49 years Ph.D. University Engineer

28 Male Under 30 Bachelor University Engineer

4. Results

Analysis involving (Figure 2) the calculation of the total weight by considering both
SWOT factors and sub-criteria weights revealed that weakness is the primary factor to
consider when formulating a PR strategy for hydrogen energy policy. Weakness exhibited
a total weight of 0.398, signifying its greater importance compared to other factors. This
highlights the need to emphasize and convince the public about South Korea’s technical
and economic weaknesses in energy policy and hydrogen technology, in combination with
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the significance of the hydrogen energy policy. Threat (0.269) emerged as the second-most-
crucial factor, followed by strength (0.185) and opportunity (0.148).
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In the sub-criteria of weakness, “South Korea’s technical lag” ranked first with a total
weight of 0.174, followed by “low localization of core technology” (0.155). The threat factor
“Deteriorating energy dependency” (0.110) was also shown to be an important factor affect-
ing hydrogen energy PR policy, as indicated by the high level of its added comprehensive
weight. On the other hand, opportunity sub-criteria such as “Growth of global hydrogen
economy” (0.035) and “Industry for national economic growth” (0.047) were of relatively
low importance. These results comprehensively represent the perspectives of policy experts
from government, universities, and research institutes. Furthermore, to persuade the public
about the need for a hydrogen energy policy and draw support, it is necessary to focus
on certain elements of South Korea’s capabilities and environment. The weights of SWOT
factors are indicated in Table 3.

The AHP results suggest that, among internal competencies, it is advisable to focus on
weaknesses rather than strengths. Likewise, among external environments, highlighting
threats rather than opportunities is recommended. Considering these results, the TOWS
matrix proposes the adoption of a WT strategy with the core objective of “minimizing
weakness to mitigate threats”. Specifically, to address threats such as increasing energy
dependency and expanding global carbon regulations, persuading the public to focus on
compensating for the weaknesses in South Korean hydrogen energy technology is of utmost
importance. From a management perspective, the WT strategy is generally associated
with an exit strategy involving cutbacks or mergers [16]. However, business closures or
withdrawals are not applicable to public policy and government options. Therefore, the
WT strategy pertains to a response aimed at survival and avoidance. Analysis revealed
that experts from the government, public research institutes, and universities have opted
for an “emergency plan” for establishing PR concerning hydrogen energy policies. They
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propose that the public can be steered towards embracing the policy by highlighting the
crises brought about by energy economics, security concerns, and international pressures
while also emphasizing the low localization of core technology.

Table 3. Weights of SWOT factors.

Factor Total

Strength
(0.205)

1 Safety of hydrogen energy 0.063

2 South Korea’s technological advancement 0.080

3 Key tools for carbon neutrality 0.042

Weakness
(0.360)

1 Price competitiveness of production 0.070

2 South Korea’s technological gap 0.174

3 Low localization of core technology 0.155

Opportunity
(0.177)

1 Growth of the global hydrogen economy 0.035

2 Reducing the imbalance in electricity demand 0.066

3 Industry for national economic growth 0.047

Threat
(0.257)

1 Deteriorating energy dependency 0.110

2 Expansion of global carbon regulation 0.094

3 Energy cost increasing 0.066

Sensitivity analyses were conducted to establish confidence in the AHP results and to
assess the dependence of the weights assigned to the criteria, following the approach of
Hashemizadeh et al. [56]. The weight of the sub-factor “Korea’s technological gap”, which
had the highest weight in the AHP results, was reduced by 10% (Figure 3). This resulted
in the lowering of the original weight of 0.174 to 0.157. The remaining 11 sub-factors
experienced a slight increase in their weights, but their rankings remained unchanged. Con-
versely, when the weight of “Korea’s technological gap” was increased by 10% (Figure 4),
the original weight of 0.174 was increased to 0.191. Although the other 11 sub-factors
experienced a slight decrease in weight, there was no change in ranking.
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Interestingly, the prioritization of factors showed distinct patterns based on the af-
filiations of the expert groups. The respondents were categorized into three affiliations:
government (energy policy and PR), public research institutes, and universities.

Respondents belonging to government and public research institutes rated weakness
as the factor of highest importance, while the importance of strength was rated highest
by those belonging to universities. Specifically, the weight for weakness was 0.408 for
government (energy policy), 0.487 for government (PR), and 0.549 for public research insti-
tutes, but it was only 0.225 for universities. On the other hand, strength was given higher
importance among universities with a weight of 0.306. In contrast, government and public
research institutes placed a relatively lower emphasis on strength, with weights ranging
from 0.134 to 0.137. A common perception among the three types of respondent groups
was that they focused on threats rather than opportunities in the external environment.
The threat weights were 0.301 for government (energy policy), 0.287 for government (PR),
0.190 for public research institutes, and 0.259 for universities, which were all higher than
the respective weights for opportunities.

Different weights were assigned to each group type for all sub-criteria except for
threats. Regarding strengths, respondents from public research institutes, government (PR),
and universities emphasized South Korea’s existing technological leadership, whereas the
government energy policy experts emphasized the importance of hydrogen technology as
a tool for carbon neutrality. In the case of weaknesses, experts from the government and
universities placed a high weight on technological backwardness, while public research
institutes assigned a weight of 0.323 to the low localization of core technologies. Partici-
pants from government and universities both selected the same sub-criterion—“Reducing
Imbalance in Electricity Demand”—for opportunities, while public research institutes pri-
oritized “Growth of Global Hydrogen Economy”. In the case of threats, all three groups
highlighted the significance of addressing energy dependency, emphasizing the core role
of PR in promoting public investment in hydrogen energy. Only government (PR) officials
gave priority to the expansion of global carbon regulations.

The action plan based on the TOWS matrix differed depending on the respondents’
affiliations. The government and the public research institutes recognized that the WT
strategy, which compensates for weaknesses and avoids threats, aligns well with the
establishment of PR-supporting hydrogen energy policies. Government officials working in
energy policy and PR shared the same view. However, experts from universities opted for
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an ST strategy, focusing on countering threats. This decision stemmed from the belief that
effective crisis management should focus on validating the policy rather than prioritizing
an emergency plan to avoid threats. This variability can be attributed to differences in
perception between university experts and government officials, with the latter considering
a broader spectrum of stakeholders and political conditions. The overall results of the
analysis are shown in Table 4 and Figure 5.

Table 4. Summary of results.

Government
(Energy Policy)

Public Research
Institute University Government

(PR)

Strengths 0.136 0.134 0.306 0.137

Safety of hydrogen energy 0.037 0.036 0.102 0.060

South Korea’s technological advancement 0.046 0.060 0.136 0.060

Key tools for carbon neutrality 0.053 0.037 0.068 0.017

Weaknesses 0.408 0.549 0.225 0.487

Price competitiveness of production 0.057 0.071 0.065 0.060

South Korea’s technological backwardness 0.191 0.155 0.102 0.235

Low localization of core technology 0.160 0.323 0.059 0.192

Opportunities 0.156 0.128 0.211 0.089

Growth of the global hydrogen economy 0.029 0.050 0.041 0.020

Reducing the imbalance in electricity demand 0.086 0.044 0.104 0.035

Industry for national economic growth 0.041 0.033 0.066 0.035

Threats 0.301 0.190 0.259 0.287

Deteriorating energy dependency 0.111 0.097 0.110 0.098

Expansion of global carbon regulation 0.107 0.053 0.092 0.110

Energy cost increasing 0.082 0.041 0.056 0.079
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5. Discussion

The global demand for carbon neutrality and the expansion of the global hydrogen
energy market have intensified the South Korean government’s awareness of the neces-
sity to invest in hydrogen technology R&D and infrastructure. Nevertheless, recurring
hydrogen-related accidents continue to undermine public confidence in hydrogen energy.
This study developed PR strategies to support hydrogen energy policies by mitigating
negative public risk perceptions. By conducting an AHP analysis involving government of-
ficials, public research institutes, and university experts, focusing on the SWOT factors from
the existing literature, we identified informative content that can enhance public support.
Additionally, we explored strategies aligned with the TOWS matrix. From a comprehensive
perspective, the WT strategy emerged as a high priority, indicating a consensus on the
need to address threats and weaknesses in PR. However, when subdividing the action
plan according to different groups, the university experts emphasized the strengths of
hydrogen technology in South Korea, diverging from the approach taken by other groups.
They suggested that rather than focusing on technological vulnerabilities and the urgency
of supplementation, it would be more effective to raise public awareness of the existing
superiority and advantages of the technology.

Lee et al. [48] emphasized the importance of a strategy that highlights the strengths of
hydrogen refueling stations as a means of improving public acceptance of these facilities.
However, an evaluation of the SWOT factors for PR strategies covering a broad range
of hydrogen energy policies revealed weaknesses as an important factor, in contrast to
the findings of Lee et al. [48]. From the perspective of government and public research
institutes, emphasizing weaknesses rather than strengths was perceived as more convincing
to the public. This suggests that it is an effective strategy to share current limitations and
weaknesses with the public and convey the validity of the policy when targeting a broad
policy area (such as hydrogen energy) rather than a localized policy area (such as hydrogen
refueling stations). Furthermore, information on external threats was considered useful
for public persuasion. Communicating with the public about the threats South Korea faces
regarding energy security could help mitigate the public risk perception of hydrogen energy.

The limitations of the knowledge-deficit and public engagement models, which have
dominated discussions on science communication and PR, can be attributed to their failure
to acknowledge the importance of the public’s cognitive abilities and daily exposure to
information. As an alternative, the mediated realities model of Scheufele [31] focuses on
information to mediate between the public and scientific facts. Based on the SWOT factors
identified in this study, information related to weaknesses and threats should be explored
and utilized from a PR perspective. Interpreting these results solely in terms of scientific
knowledge or factual importance would be insufficient. Instead, this information should
be seen as a means to shape attitudes and foster public acceptance of the necessity for
hydrogen energy policies. This implies that emphasizing weaknesses and threats can lead
to more effective PR strategies, even if they do not directly address the primary scientific
expert concerns.

Hydrogen has significant potential to transform society by reducing global reliance
on fossil-based fuels. Despite its widely recognized environmental benefits, achieving
public approval is crucial for hydrogen to attain public acceptance, gain legitimacy, and
ensure sustainable support. However, due to continuous explosions and accidents, the
current perceived risk of hydrogen in South Korea is much higher than the actual risk.
Thus, the government needs to focus its efforts on conveying accurate information that
enables the public to make rational judgments. The persuasive information generated from
government officials and experts in this study is expected to serve as a foundation for
future policy communication and PR strategies.
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