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Abstract: In the last 20 years, the share of renewable energy sources in the production of electricity in the
European Union has doubled, from about 15% to almost 35%. The main driver of this development has been
the increase in the share of wind energy and solar photovoltaic energy. The authors aim to analyze the
influencing factors that affect the energy transition process applied to nautical tourism, from polluting energy
to renewable solar energy. The authors’ research approach consists in using the framework offered by the
energy transition process from the perspective of the socio-technical and economic approach, by applying the
qualitative research method with a deductive approach. The tool used to achieve the objective was the semi-
structured interview. The research unitarily, holistically, and specifically approaches the problem of energy
transition from polluting sources to renewable ones offered by solar energy, in the case of nautical tourism
with direct implications on the specific industry in the Netherlands. The research results are structured in the
fields of technology, governance, economics, and user preferences. This research has the potential to provide
support to find optimal solutions that encourage users to accelerate the energy transition process by adopting
sustainable solutions for nautical tourism.

Keywords: sustainability; energy transition; nautical tourism; energy independence; renewable
energy

1. Introduction

Identifying solutions to achieve energy independence has become a priority nowadays,
especially in the current context of problems arising from conflicts in the fields of energy supply and
distribution.

At the macro level, a major challenge for the future energy system is addressing climate change
solutions, which is one of the main problems of modern society [1,2]. Thus, to respect the principles
of sustainability, it is necessary that the energy supplied be produced without the production of
carbon dioxide by using renewable sources [3] as well as by reducing the demand for energy by using
it more efficiently [4]. With these considerations in mind, the United Nations Organization through
the Sustainable Development Goals proclaims the need and imminent change in the direction of
development towards the production and use of energy based on the principles of sustainability [5—-
7]. In general, the tourism industry [8], can be a factor of negative influence on the natural
environment [9] and can influence the degree of pollution as well as the degree of integrity of physical
and natural resources [10]. At some level, boating uses boats that are powered by engines. Most of
these engines are internal combustion fueled by petroleum products, emitting carbon dioxide and
other pollutants through combustion, and negatively affecting the environment [11]. Several boats
are also powered by battery-powered electric motors. These batteries are charged from the public
grid which has electricity produced from mixed sources, polluting energy sources, and renewable
energy sources. A step forward is towards the energy independence of boats so that the energy
required for operation is self-produced. These characteristics define the concept of the prosumer. The
prosumer concept [12] is illustrated by boats powered by electric motors powered by electricity
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produced by photovoltaic panels assembled in the hull of the ship, which is renewable energy with
0% pollutant emission so that the required energy is self-produced in a sustainable way. In this way,
solar energy ensures the energy independence of the ship used in nautical tourism, it is produced by
sunlight for free and non-polluting with 0 carbon emissions [13].

In the context of the energy crisis and the ambitions of the United Nations through the
Sustainable Development Goals, the COP21 Paris Agreement, and the principles of sustainability in
tourism, the solution offered by solar nautical tourism is in line with these goals and principles.
Although the required technology is proven to be reliable and affordable, solar water tourism is only
sporadically present at prototype and experimental levels and is not widely found in the waters of
the world in general and in the Netherlands in particular, and water tourism operators still have not
widely adopted this photovoltaic charging solution for electric boats.

The purpose of the study is to analyze the influencing factors affecting the sustainable energy
transition process applied to nautical tourism, from nautical tourism practiced with polluting energy
to nautical tourism practiced with renewable solar energy.

The objectives of the study are to analyze the influencing factors on four transition zones
according to the socio-technical and economic approach: the technological zone; the field of
government policies; the economic field, respectively of the nautical tourism market; the field of user
preferences (nautical tourism operators). Thus, four specific objectives are established, grouped into
four areas:

Objective 1 - analysis of enabling and inhibiting technology factors influencing the adoption of
nautical tourism vessels using renewable solar energy.

Objective 2 - analysis of enabling and inhibiting factors in the field of government policies
influencing the adoption of nautical tourism vessels using renewable solar energy.

Objective 3 - analysis of the favorable and inhibiting factors in the economic field, of the tourist
market for the adoption of boats for nautical tourism that use renewable solar energy.

Objective 4 - analysis of enabling and inhibiting factors in the field of user preferences (nautical
tourism operators), who decide to adopt boats for nautical tourism that use renewable solar energy.

In this sense, gaps are identified in the specialized literature regarding the unitary approach to
the subject of energy transition in the field of nautical tourism, as well as gaps in the identification of
the area and the analysis of the factors that influence this process of energy transition. These factors
can be identified in part in separate papers on various other topics. There are also gaps in the unitary
and specific analysis of influencing factors in the fields of technology, tourism market, government
policies, and user preference that make up the socio-technological and economic framework of the
energy transition formulated by Loorbach [14].

The current situation is that solar boats are not widely found in water tourism in the Netherlands
[15,16]. The present research is relevant for understanding the reasons for this fact and represents a
starting point for the future strategies of tourism operators to adopt the photovoltaic energy solution
for boats used for nautical tourism.

The research results are relevant to identify the optimal measures to create an attitude favorable
to sustainable tourist behavior [13,17]. The results of the study have the potential to provide support
for finding optimal solutions that encourage users to accelerate the energy transition process by
orienting preferences toward sustainable solutions.

2. Literature Review

In 2007, the Atlantic Ocean was crossed from Europe to America by the first electric catamaran
that charges its batteries only from the solar panels located on the deck of the boat, which means
propulsion with zero CO2 polluting emissions. It was indisputable proof that the technology required
to propel the ship with electric motors was reliable [11]. It also validates the implementation of the
prosumer concept which stipulates that at least the energy required for operation is self-produced
[12], in our case through solar panels mounted on the ship and not to charge the batteries from the
energy grid that can have energy electricity including from polluting sources [18]. An advantage of
this transition to photovoltaic energy is the achievement of energy independence, contributing to the
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goal of reducing CO2 emissions. Solar boats are characterized by the fact that the necessary energy is
produced by photovoltaic panels built into the vessel [19].

Features such as silent navigation, low operating costs, and zero pollutant emissions are
advantages of electric ships that have become more evident with technological advances in the field
[2]. The approach to identifying the factors of influence that favor and inhibit the energy transition in
the field of nautical tourism is carried out from the perspective of the operators in nautical tourism
and is carried out on four domains of socio-technical transition according to the model created by
Loorbach et al. [14]: the technological domain; the field of government policies; the economic field of
the nautical tourism market; the field of user preferences (nautical tourism operators). Thus, from the
analysis of specialized literature, the following influencing factors in the thematic area of technology
were identified as enabling factors: accessible, tested, and reliable existing technology [13,17]; existing
electric motors are high-performance and reliable with efficient energy use; easily maintained by local
mechanics [20]. The inhibiting factors in the field of technology are: the average speed is 8-11 km/h
which allows cruising speed but is not sufficient for transport or travel speed [13,17]; the battery
storage capacity must be improved; the capacity of photovoltaic cells to transform solar energy into
electricity must be improved; the reduced use of these boats in windy weather or on waters with
strong currents due to reduced engine power [20]; limiting the design of the boat due to the large
area required on the hull for the exposure of the photovoltaic panels to be sufficient; the oversized
surface load in relation to the dimensions of the vessel due to the exposed surface of the PV panels
which limits the use of the vessel in windy weather [11].

In the thematic area of government policies, they identified enabling factors: the government
context provided by the orientation towards green energy worldwide, with concrete policies at the
level of the European Union, including financial instruments [13,17]; the adoption of the Sustainable
Development Goals at the level of the United Nations, which proclaims the direction towards
renewable energy; the existence of policies to encourage the approach of renewable energy by the
European Commission [5]; the existence of financial instruments available for investment in activities
that use renewable energy at the level of the European Union; the availability of European Union
funds allocated to sustainable products and business models for sustainable development projects
[13,17]. The following were identified as inhibiting factors in the area of government policies: poor
communication of policies and programs to support renewable energy; the existence of a tendency
towards more declarative attitudes on the part of government institutions for renewable energy
support policies, than concrete actions and measures to apply these measures in real life; the existence
of the need to improve collaboration between the domain of public authorities and that of private
actors, for the implementation of sustainability policies [13].

In the economic thematic field, of the nautical tourism market, favorable factors were identified:
the progressive tendency to promote sustainability in general and the tourism market in particular
[13,17]; the emergence of awareness among tourists regarding the major impact that tourism has on
the environment in the context of climate change [20]; the early emergence of the tendency among
tourists to choose environmentally friendly equipment and activities; the boats are adapted to
activities that include activities such as beaching, fishing, diving from the deck; increased safety on
board for the crew and tourists, especially children, due to the reduction of sudden movements of
the ship due to the low cruise speed of the ship; increased attractiveness for vessels with cutting-edge
technology; silent navigation, no exhaust fumes, no engine noise [11]. Inhibitory factors have been
identified in the economic field of the nautical tourism market: the consequences of tourism pressure
on the environment are vaguely aware and should encourage behavior change [13,17]; Fully
equipped boats developed for tourism are only at the niche and prototype level and are not mass-
produced, although the cost of installing photovoltaic cells has decreased recently. Other economic
aspects that have been identified as inhibiting factors: are complicated procedures for accessing EU
funds; high prices of solar-powered boats due to niche production.
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In the thematic area of user preferences (nautical tourism operators), favorable factors were
identified: the increase in preferences of nautical tourism users for electric boats [13,17]; ensuring the
energy independence of the boat from dependent sources of energy supply [2]; the emergence of the
tendency among tour operators to choose ecological equipment and activities [20]; simplifying the
act of navigation and ship maintenance [11].

Sustainable transportation could benefit sustainable development from different angles;
increased share of renewable energy, higher quality of transport-related infrastructure, increased
satisfaction with public transportation, increased responsible consumption and production and
reduced fossil fuel consumption [24].

In addition, the European Union Directive 959 of May 2023 brings into discussion the Innovation
Fund [25] which should serve to support investments in the decarbonization of maritime transport,
including investments in the energy efficiency of ships, ports, and short-sea shipping, in the
electrification of the sector, in sustainable alternative fuels such as hydrogen and ammonia produced
from renewable sources, in zero-emission propulsion technologies such as wind, photovoltaic
technologies, etc.

Therefore, critical research of relevant specialist sources was conducted to understand the
research area as well as the key theories, ideas, and concepts discussed regarding the energy
transition process and the sustainability of solar nautical tourism [21].

3. Research methodology

In this study, the transition process from polluting energy to renewable solar energy used for
nautical tourism vessels is analyzed using the framework provided by the energy transition process
from the perspective of the socio-technical approach developed by Loorbach et al., [14] and economic.
Thus, the dynamics of the transition process take place in the context of a developing market in which
technologies are being developed, as well as administrative and political influence but also the
dynamics of consumer preferences and orientations. According to this approach, four domains are
identified for categories of factors that influence the energy transition process as follows: the domain
of technological factors; the economic field of emerging market factors; the domain of governing
political factors; the field of user preference factors (Table 1). Analysis of these factors can determine
whether new technology can spread and expand in the market [14].

Table 1. The correlation between the analyzed factors and the research questions.

Domains Research questions

According to the nautical tourism operators, what are the
factors in the technological domain, which influence the
technological process of energy transition from polluting energy to
photovoltaic renewable energy, necessary for the operation
of nautical tourism boats?
According to the nautical tourism operators, what are the
factors in the domain of the tourism market, which
economic - market influence the process of energy transition from polluting
energy to photovoltaic renewable energy, necessary for the
operation of nautical tourism boats?
According to the nautical tourism operators, what are the
factors in the domain of political governance, which
governance influence the process of energy transition from polluting
energy to photovoltaic renewable energy, necessary for the
operation of nautical tourism boats?
According to the nautical tourism operators, what are the
users preferences factors in the domain of user preferences, which influence
the process of energy transition from polluting energy to
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photovoltaic renewable energy, necessary for the operation
of nautical tourism boats?

Source: Authors’ conception

This study approaches research from the perspective of interpretivism due to the interpretive
nature of the research process and data analysis. Ontologically, reality is understood through the
practical effects of ideas. Epistemologically, knowledge is valuable in allowing permission to
successfully perform necessary actions [22]. From an axiological perspective, it is the researcher’s
values that guide the reflective process of research.

The study was conducted in the Netherlands in 2022. To obtain an answer to the stated problem,
according to Saunders et al., (2009), the following research questions are formulated:

RQ1 - According to nautical tourism operators, what are the factors in the technological field
that influence the energy transition process from polluting energy to photovoltaic renewable energy,
necessary for the operation of nautical tourism boats?

RQ2 - According to nautical tourism operators, what are the economic factors in the field of the
tourism market that influence the energy transition process from polluting energy to photovoltaic
renewable energy necessary for the exploitation of nautical tourism vessels?

RQ3 - According to nautical tourism operators, what are the factors in the field of government
policies that influence the process of energy transition from polluting energy to photovoltaic
renewable energy necessary for the operation of nautical tourism boats?

RQ4 - According to nautical tourism operators, what are the factors in the field of user
preferences that influence the process of energy transition from polluting energy to photovoltaic
renewable energy necessary for the operation of nautical tourism vessels?

Samples were drawn from research respondents identified as users of technology supporting
the transition process [14]. These users, who are the operators in nautical tourism, are the ones who
apply the existing technology in real life and choose which is most suitable for their purpose [13,17].
The sampling technique was identified as a combination of purposive sampling technique and
snowball sampling technique [23]. The research tool was the semi-structured interview. The
interviews were conducted in 2022 in Leeuwarden and Harlingen, the Netherlands.

In the first stage of the research, the analysis of secondary sources was approached by reviewing
the literature to identify key concepts and to have an overview of the research topic [22]. The research
design is shown below (Figure 1).

Source: Authors’ conception

Figure 1. Research design.

In the second phase of the research, the conceptual framework (Figure 2) was created to
understand the interrelationships between the key concepts and the theme addressed [22].
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Figure 2. Conceptual model.

In the third phase, the data necessary for the research were collected, the deductive qualitative
research method was approached by creating a predefined codebook (Figure 3), and the semi-
structured interview tool was applied [22]. The deductive approach implies that the study begins
with a theoretical understanding that is tested through empirical data. The deductive approach
means that the researcher begins by developing a framework theory that then influences the direction
of the data in the collection process [26]. There is a degree of inductivism in a deductive approach
when a researcher turns from empirical data to evaluate theory.

Research Question
According to the nautical tourism operators, what are the factors in the technological field,
which influence the process of energy transition from polluting energy to photovoltaic

renewable energy, necessary for the operation of nautical tourism boats?

Inter
view | Inter Open Coding Axial Coding Selective Coding

Ques | view

tions
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What are the enabling factors in the domain of technology that
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us we can sail all-day
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-Electric motors...That’s ideal.
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- Current technology is
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- Quite a big surface...for solar
panels

Iw3 | -Idon’t.Iwasn’t even aware that
there were a lot of options to use
it.
-surface
- how to store the energy
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Iw5 | - it is difficult to find space to | g creates

mount solar panels large | pollution

enough to be efficient

Iw6 | -Thaveno place for install panels
- There’s no room no place no
square meters to put on solar

panels.

Iw7 | -the price of the equipment is
quite high

- the configuration is not well
optimized now

- quite difficult to find on the
market

- not have local representatives.
- It may not be as reliable

- I don’t think batteries can store

enough energy

Iw8 -Lithium (from the battery) is
not the most sustainable in the
whole chain for the way of

collecting energy,

Source: Authors’ conception

Figure 3. Codebook with predefined codes.

Interviews were conducted between 7 May 2022 and 17 May 2022 in Leeuwarden and Harlingen,
The Netherlands. 8 respondents (Figure 4) answered 12 questions (Figure 5). Following the concrete
conditions in the field for the identification of respondents as well as their availability to participate
in the research interview according to the recommendations received based on the snowball
technique, the following respondents resulted (Figure 4):

Respondent | place The type of boats

Interviewing

In Leeuwarden | Steel boat with sails

2 Harlingen Electric boat with solar panels 12 people
capacity

I3 Leeuwarden | Sailboat and engine

14 Leeuwarden | 31 Small boats with electric motors

I5 Harlingen Steel boat with sails and built-in diesel
engine

I6 Leeuwarden | Sailboat

17 Harlingen Boat with sails and built-in diesel engine

I8 Leeuwarden | Electric motor barge with solar prototypes
20 people
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In the fourth phase, the research results were analyzed and interpreted, and in the fifth phase,

the discussions and conclusions were presented [22].

Introduction

Q 1. First of all, please let me know if you have given me
permission to record the interview.
Q 2. Please let me know if you would like to send me the

transcript of the interview for any changes.

characteristics of the respondent

Q 3. The research approach is done from your perspective
of nautical tourism operators.
Please tell me what kind of ship you use now for your

touristic programs.

Technological domain

Q 4. What are the enabling factors in the domain of

Enabling factors from the | technology that encourages you to adopt solar energy for

literature review your boats?

Inhibiting factors from the | Q 5. What are the inhibiting factors in the domain of

literature review technology that discourages you from adopting solar
energy for your boats?

Tourism market domain Q 6. What are the enabling factors in the domain of the

Enabling factors from the | tourism market that encourages you to adopt solar energy

literature review for your boats?

Inhibiting factors from the | Q 7. What are the inhibiting factors in the domain of the

literature review tourism market that discourages you from adopting solar
energy for your boats?

Governance domain Q 8. What are the enabling factors in the domain of political

Enabling factors from the | governance that encourages you to adopt solar energy for

literature review your boats?

Inhibiting factors from the | Q 9. What are the inhibiting factors in the domain of

literature review political governance that discourages you to adopt solar
energy for your boats?

User  preferences  domain | Q 10. What are the enabling factors in the domain of user

(operators in nautical tourism )

preferences that encourages you to adopt solar energy for

Enabling factors from the | your boats?
literature review
Inhibiting factors from the | Q 11. What are the inhibiting factors in the domain of the

literature review

user’s preferences that discourage you to adopt solar energy

for your boats?

closing the interview

Q 12. Do you want to add other information that you

consider relevant to the research topic?

Thank you and success!

Source: Authors’ conception
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Figure 5. Interview Questions.

4. Results and discussion

This section presents the findings organized by each of the four research questions following the
predefined codes in the codebook. Then the research findings are compared to theories from the
literature review and the differences and similarities between the research findings and previous
literature are discussed.

RQ 1. According to the specialized literature and confirmed by the respondents of the study, the
first factor that influences the energy transition in the field of technology is the one mentioned by
[13,17] that existing electric motors are high-performance and reliable, with efficient energy use and
hard to damage (Figure 6).

\I

Source: Authors’ conception

Figure 6. Technological factors influencing the energy transition in nautical tourism.

Another favorable factor is the maintenance of the electrical system considered easy to maintain
by local mechanics, [20], the technology ensures sound comfort, no vibration, and other pollutants
such as smoke during pleasure boat travel. This aspect of technology is highly appreciated by tourists.
The energy independence provided by solar technology, which even if it has a long way to go to be
optimal, ensures freedom in choosing the tourist route without having to arrive at a port with a power
source from which to charge its batteries. This energy independence provided by solar technology
confirms the prosumer concept developed by Hoekstra et al. [12], which provides that the energy
consumed by the user is partially or totally provided by the own energy supply system, in this case,
that of the tourist boats through the photovoltaic system mounted on the hull.

In addition to the commonalities identified in the literature and confirmed in the present study,
a few novel factors unique to study outcomes were identified. Thus, the first important aspect
identified because of the study is the awareness by those interviewed of environmental protection
through the adoption of solar technology and electric motors. Survey respondents stated that the
value of the natural environment is important in choosing carbon-free technology for leisure and
tourism boats.

Regarding the inhibiting factors, in the specialized literature, the factor of low ship speed of 8-
11 km/h has been identified which allows cruising speed but is not sufficient for transport or
movement speed, states [13,17]. This factor of the relatively low travel speed was not confirmed by
the survey respondents who stated that tourists are not bothered by the low speed of the electric ship.

According to the authors Bigerna, Trstenjak, et al. [13,17] and confirmed by study respondents,
an important inhibiting factor is the low energy storage capacity of existing batteries in the open
market, as well as the performance of photovoltaic cells to convert solar energy into electricity. The
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duration and distance of the trip depend on the performance of this system as well as on the
confidence that the boat does not remain without propulsion in the middle of the water. Also,
according to Panprayun & Pitaksintorn [20] an inhibiting factor is the reduced use of these boats in
windy weather or in high currents due to the reduced power of the engine, an aspect confirmed by
the interpretations of the interview results. According to GURSU (2014), the limitation of the boat
design due to the large area required on the hull for the exposure of the PV panels to be sufficient is
also an inhibiting factor. This is also expressed by the respondents of the study who believe that the
placement of photovoltaic panels requires a large surface area of the ship and requires a limited
approach to the aesthetics and functionality of the ship shape.

In addition to commonalities between the literature and the study, unique inhibitory factors
identified from the interview analysis were also identified. Thus, an important inhibiting factor is the
initial financial investment considered to be large and which requires a careful analysis from an
economic point of view. There are respondents who say that for boats that use electric motors but
recharge their batteries from the mains, it is cheaper than installing the solar panel system. And in
this case, the financial factor is decisive when only the economic profit is considered, and the
operators consider that there is no pressure to make investments in this direction. The environmental
factor is considered by the interviewees. It is considered important to consider the fact that on the
production chain of the component parts of the technological system of solar energy there is pollution
for their production, a relevant example is provided by the extraction of lithium needed for batteries
to store electricity.

An important point to discuss is that the field of solar technology is ongoing and has many
applications. Currently, no special products and systems are being developed for nautical tourism
boats. These systems are borrowed from other applications and adapted for use on boats. Solar
technology manufacturers have yet to market systems that are specifically designed for boat building
such as walkable decks with built-in PV cells or even wind sails that have built-in PV cells. It should
also be noted that the technology manufacturers do not have enough reasons to encourage the
development of products for solar boats because there is not much demand for these products in the
first place, and manufacturers focus on production that is in demand and generates profit.

In conclusion, it can be stated that although the existing solar technology can offer sustainability
solutions for nautical tourism, the economic factor, which directly and with immediate effects, is
seriously considered by economic operators.

RQ 2.

According to Bigerna and Trstenjak et al. [13,17] and confirmed by the interviewees of the study,
a favorable factor is the progressive trend of promoting sustainability in general and the tourism
market at the macro level, the emergence of awareness among tourists regarding the major impact
that tourism has on the environment in the context climate change. The respondents of the study
noticed this awareness but its adoption in sustainable behavior is considered incipient. Also,
according to Panprayun & Pitaksintorn [20], there is an incipient tendency among tourists to choose
ecological equipment and activities, an aspect confirmed by the interviewees of the study. The
increased attractiveness of boats with cutting-edge technology is mentioned by Panprayun &
Pitaksintorn [20] as an enabling factor and confirmed by interview respondents who appreciate that
solar boats are a tourist attraction in themselves.

An analysis of the total costs (Figure 7) of renewable energy production shows that substantial
progress has been made in the field of solar photovoltaic energy. These costs decreased from USD
350/KWh in 2010 to USD 100/KWh in 2017, i.e., by 72%, which represents a big boost for the economic
aspects of financial policy implementation.
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generation costs in 2017, page 17.

Figure 7. Comparative analysis of total energy production costs for renewable generation
technologies, 2010-2017 (US$/MWh).

Interview respondents and authors Panprayun & Pitaksintorn [20] believe that factors favoring
solar technology boats are adapted to activities including beach, fishing, and deck diving, as well as
increasing safety on board for crew and tourists, especially for children, due to the reduction of
sudden movements of the vessel due to the slow cruise speed of the vessel.

Inhibitory factors both in the literature and from the results of the study confirm that, although
there is information among tourists on the topic of sustainability and protection of the natural
environment, the attitude of tourists is not yet sufficiently developed in terms of sustainable behavior.
Respondents also state that the change in mindset regarding sustainability is slow, and the
determining factor in choosing a type of behavior is determined primarily by economic motivations
such as the price of water travel, rather than sustainability motivations to protect the environment.
The same authors Bigerna (2019) and Trstenjak et al. [13,17] add another inhibiting factor that fully
equipped and developed boats for tourism are only at the niche and prototype level and are not mass
produced. The same situation is expressed by the respondents by the fact that there are no local
representatives of the manufacturers of such boats, and although there are manufacturers, they are
small and difficult to approach. This aspect is expressed in practice by the fact that on the tourist
market, there are very few solar boats that offer tourist services, and tourists are limited in their
choices.

An aspect worth discussing is the intrinsic motivations of the tourists who form the tourism
market when choosing the type of boat for nautical excursions. Of course, there are concerns about
climate change or environmental protection, but these concerns are more declarative, polite
discussions, and when it comes to direct choices other motivations prevail such as consumption
habits and financial aspects such as the price of travel, and less concern for sustainability.

In conclusion, it can be argued that at the level of the tourism market there is initially the attitude
to consider the sustainability factor when approaching options for nautical tourism, but the pace of
change in mentality is slow. Also, although there is a tendency to offer solar boat trips to the tourist
market, these boats are few and far between and only produced by a few manufacturers resulting in
a lack of a tourist market of options for carbon-free boat trips. These aspects create pressure in the
development of both boat production and the development of sustainable nautical tourism products.

RQ 3.
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To find answers to this question, the specialized literature presents us as a first influential factor
the fact that there are concrete policies at the EU level, including financial instruments, which provide
a governance context-oriented towards green energy [13,17].

The specialized literature also presents the favorable context that is developing at the level of
the United Nations through the adoption of the Sustainable Development Goals, which proclaim the
direction toward renewable energy. Authors Bigerna and Trstenjak et al [13,17] also mention the
availability of European Union funds allocated to sustainable products and business models for
sustainable development projects. This governance context is also confirmed in the interview results,
noting both the European Union and local municipal government levels that create and provide this
enabling environment. According to Bigerna, [13] and confirmed by interview respondents, an
important inhibiting factor is the poor communication of policies and programs to support renewable
energy. It is also observed that there is a tendency towards more declarative attitudes on the part of
government institutions for renewable energy support policies, than on concrete actions and
measures to implement these measures in real life, as well as the need to improve collaboration
between public authorities and that of private actors, for the implementation of sustainability policies
[13]. All these aspects identified in the specialized literature as inhibitory factors are also found in the
analysis of the interview results.

Among the new aspects identified following the analysis of the interview results is the fact that
the respondents mention education as one of the important influencing factors that require greater
effort from the perspective of policies to encourage sustainable behavior. Another different inhibiting
factor is legislation that is not adapted and updated to the new needs of the energy transition in the
nautical field. Thus, it is observed that, although there is a general context of green energy policies,
at the concrete level of the legislative norms applicable to the field, it is necessary to update them. It
must be discussed that unlike the civil society which has individual and private concerns, the public
administration has by definition and by its founding acts, in its concerns the public good. In this
sense, the results of everyday life speak for themselves, and the public administration must intensify
its efforts to optimize policies and implement them by concluding with civil society.

In conclusion, in the field of government policies there are policies to support the process
towards sustainable energy, but efforts are needed to improve communication and concrete
applicability of these policies in real life.

Q4.

The specialized literature presents an important factor in the category of user preferences the
emergence of the tendency among tourism users/operators to choose ecological equipment and
activities [20]. The results of the study confirm this trend towards sustainable behavior and awareness
of the impact of tourism on the natural environment in general and on climate change. Both the
literature and the results of the study confirm this trend, but both emphasize that it is only in its
infancy and is not a consolidated movement that can be found in practice and is far from being
encountered in everyday life. It should be noted that the trend of user preferences is for electric boats
in general that recharge their batteries from the classic grid system and most of the exceptions are
boats that provide the required photovoltaic energy. This trend is a good precursor to the application
of the prosumer concept to provide the necessary energy through self-production, in our case ship-
mounted solar panels. A favorable factor identified in the literature is that of ensuring the energy
independence of the boat from dependent energy sources [2]. This energy independence of the ship
is also confirmed by the research results that develop the advantages that this independence
represents, such as the ship’s routes through areas where it does not have to dock in ports to recharge
the batteries, the economic cost of energy and implicitly the journey is not wasted, etc. Another clear
advantage of the ship’s energy independence is accentuated by the crises caused by global and
regional events such as the war in Ukraine, which pressures the adoption of technological solutions
to increase the degree of energy independence.

From the category of unique enablers identified from the interview results, the user’s preference
to follow the trend toward future technology represented by energy-independent electric boats was
mentioned. Survey respondents reported the importance of boat investments for nautical tourism
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based on future clean technology development trends. Another unique factor enabling research
results is the culture of common sense, a special trait presents in Dutch culture. The fact that the
feeling of shame, which is part of common sense, is considered when choosing the type of boat in
order not to bother with polluting engines, is an aspect with a pronounced uniqueness identified in
the research area of the study represented on the territory of the Netherlands.

The main inhibitory factor identified in the literature is that mentioned by Bigerna and Trstenjak
et al. [13,17] represented by user preferences for affordable prices and who consider high prices for
solar-powered craft due to niche production. The results of the study confirm this inhibitory factor
and underline the fact that the financial factor is sensitive to user preferences.

Regarding the new results identified following the research, the inhibiting factor represented by
the concern for the pollution produced in the manufacturing process of technological components
such as the extraction of lithium needed for batteries or the extraction of silicon for photovoltaic cells
was identified. Another unique inhibitor was also identified in the aesthetic challenges of the shape
of ships adopting solar technology, which does not always match user preferences. Also, the
consumption habits of users due to the difficulty of changing old browsing habits is another new
inhibitory factor resulting from the interviews.

In conclusion, the research results identify common and inhibiting factors both in literature and
in practice, which show the importance of subjectivity in user preferences and choices for the
adoption of a sustainable behavior necessary for the energy transition in the field of nautical tourism.

The conclusion of the study is that almost all the findings from the interviews do not contradict
the specialized literature, but in the same sense develop and complement the framework provided
by the per-set codes in the code book, which complete the overall picture of the energy transition
process. The identification and analysis of different and unique influencing factors discovered during
the study cover gaps in the literature and open new perspectives for approaching the subject.

5. Conclusions

This section presents the final conclusions according to the results of the previous chapters and
recommendations. The purpose of the research questions is to clarify the objectives and answer the
question of this research: why solar tourism on the water is present only in prototypes and
experiments and is not widely found in the waters of the world in general and in the Netherlands in
particular? Why in nautical tourism operators not widely adopted this solution for the electric
charging of photovoltaic boats?

An important conclusion is that the domains influence each other and that there is a
codependent relationship between the influencing factors. It is also the fact that the study organized
by domains provides a reliable structure for the study and the conclusions will be presented
following these domains of technology, governance, economic - market, and user preferences.

For the technology area - the main conclusion of the study is that to make the transition to
renewable energy in the case of water tourism boats, the necessary technology exists in the open
market and can be used for this purpose. Of course, there are many technological aspects that need
improvement and development, such as the ability to store energy in batteries or the ability of
photovoltaic cells to convert photons into electricity [27]. However, the basis of the technology exists
and lies in the functional parameters.

In the economic field, the main conclusion is that the economic factor is the one that has a major
influence in terms of decisions on the behavior of the tourism market. Although there is information
on the tourism market regarding the advantages of the energy transition to renewable energy, the
first aspect it considers is the financial one, and then the sustainability factors [28]. This aspect makes
the adoption of boats with solar technology on the free market not very attractive from an economic
point of view.

In the area of government policy, the conclusion of the study is that, at the government level,
there are efforts to create and implement policies to support the energy transition both
administratively and financially. These efforts are found at all administrative levels, from the local
municipal level to those of the Dutch government but also at the European Union and world
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institutions such as the UN. However, there is a clear lack of communication of these policies to end-
users, as well as a pronounced reluctance on their part to deal with red tape [29] and complicated
procedures.

In the field of user preferences, the important conclusion in this field is the consumption habits
of users that have major inertia in changing direction to another type of navigation. Although
information about sustainability exists at the level of users, the favorable attitude towards the
principles of sustainability and protection of the natural environment is accepted and considered
positive, but efforts are needed to be found in behavior that can be considered fully sustainable [30].
The main conclusion is that sustainability is perceived as important but has indirect and immediate
effects, and users are influenced in their consumption decisions by direct and immediate factors such
as finances or habits and do not feel a direct and easily accessible encouragement to adopt a
sustainable solution in everyday behavior.

It can be concluded that a major factor in making the energy transition to renewable energy is
the mindset of everyone involved in the process. Mindset change is the necessary component for
sustainability principles to move from the declarative to the behavioral level in everyday life. Another
important aspect is that this concept of sustainability needs to be adopted in the whole lifestyle, in
the general mental pattern, and not only in the field of tourism or leisure. End-users consider the
immediate effects of their decisions that affect them directly and unconditionally, and only then
consider sustainability factors that have an indirect, immediate, and distant effect in time. The
influencing factors identified in this research both from the specialized literature and from the results
of the interviews are relevant to understand the dynamics of the energy transition process in solar
nautical tourism and responding to the statement of the researched problem.

This research opens new horizons for the authors’ future research topics, such as the transfer of
sustainable good practices in other fields, starting from the 17 pillars of sustainable development on
the European Union Agenda until the year 2030.

The limitations identified during the study were the subjectivity of the researcher, limited
resources of time and materials allocated, and language barriers. An important limitation was gaining
access to primary research sources, namely access to appropriate research participants who meet the
conditions set out in the research design [22]. To mitigate this limitation, several strategies have been
used, such as accommodating the organization or individuals before initiating contact and building
the credibility of the researcher and the research.
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