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Abstract: According to the International Maritime Organization, the shipping industry contributes
to 3.3% of global CO2 emissions. Reducing carbon emissions by 50% for all ships by 2050 is the
main concern of all stakeholders. In the last 20 years, the share of renewable energy sources in
electricity production in the European Union has doubled, from around 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 of this paper aim to analyze the favorable influencing factors and the inhibiting
factors affecting the energy transition process applied to nautical tourism, from polluting energy to
renewable solar energy. The research approach consists of using the framework provided by the
energy transition process from the perspective of the socio-technical and economic approach, by
applying a qualitative research method with a deductive approach. The tool used to achieve the
objective is a semi-structured interview, which brings up concrete issues that operators in this field
are currently facing. 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 four areas: technological, governance, economic, and user preferences. This
research has the potential to provide support for finding optimal solutions to 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 future energy systems is addressing climate
change solutions, which is one of the main issues that modern society is facing [1,2]. Thus,
to respect the principles of sustainability, the energy supplied must 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]. Considering these considerations,
the United Nations Organization through the Sustainable Development Goals proclaims
the need for an 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], especially the nautical industry in The Netherlands can be a factor of negative
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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]. Boating in The
Netherlands uses boats that are powered by engines. Most of these engines have internal
combustion fueled by petroleum products, emit carbon dioxide and other pollutants
through combustion, and adversely affect the environment [11]. Several boats are also
powered by battery-powered electric motors. These batteries are charged from the public
grid which uses 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 a prosumer. The prosumer concept [12] is illustrated by boats powered by
electric motors powered by electricity produced by photovoltaic panels assembled in the
ship’s hull, which is a form of renewable energy with 0% pollutant emissions so that the
required energy is self-produced in a way that is durable. In this way, solar energy ensures
the energy independence of the ship used in nautical tourism; it is produced by sunlight in
a free and non-polluting way with zero carbon emissions [13].

In the context of the energy crisis and the wishes of the United Nations formulated
through the pillars of sustainability in tourism and the COP21 Paris Agreement, the solution
offered by solar nautical tourism is the ideal solution. Although the required technology
is proven to be reliable and affordable, solar water tourism is only sporadically present at
the prototype and experimental levels. It is not widely encountered in the waters of the
world in general and in The Netherlands in particular. Water tourism operators still have
not widely adopted this photovoltaic charging solution for pleasure boats.

The issue addressed is relevant to the specialized literature because the introduction
of electric boats powered by solar energy on a large scale in nautical tourism is considered
a reliable solution [2]. However, this type of boat has not entered the large tourist market.
There are only prototypes or niche products and there are gaps in the literature regarding
research on the causes that led to this situation [2]. Identifying the factors influencing the
status quo from research in the specialized literature, elements of context, and factors that
influence the development of the solar nautical tourism segment is relevant to understand-
ing the situation, and there is a need to deepen research in this regard due to the existence
of research gaps [2]. The relevance of this thesis is derived from the existence of research
gaps and aims to identify the favorable and inhibitory factors that influence the progress
of the sustainable energy transition [14] in the case of solar nautical tourism from the
perspective of nautical tourism operators. The research topic is the concept of sustainable
tourism to find the most suitable viable solutions in the context of the amplification of the
negative consequences of climate change [1] and, where there are gaps in the research of the
solution offered, through solar nautical tourism. The research is relevant to researchers as it
identifies untapped areas for the proposed field and provides support for future research.

The practical relevance of the topic addressed is that solar boats are not widely found
in water tourism in The Netherlands [15], and the interview process brings up concrete
issues that tour operators in this field are currently facing. The present research is relevant
to understanding the reasons for this and represents a starting point for the future strategies
of nautical tourism operators to adopt the photovoltaic energy solution for boats used
for nautical tourism [13,16]. Also, in practice, there is no concern about the introduction
of solar technologies for the propulsion of boats used for water tourism [15]. In the
area of governance policies, there is a serious problem of communicating and promoting
financial and administrative policies and tools for users to support the transition. The need
for legislative adaptation to accelerate the transition is also an identified process [13,16].
Research results can be used by political decision makers to inform government policies in
the field. Also, the research results are useful for the effective implementation of policies
that promote technological developments and attract sufficient investments but also to
encourage the purchase and use of electric boats. At the level of the tourist market, there
are no major trends, only sporadic ones, oriented toward the choice of tourist products that
use renewable energy [13,16].
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The purpose of the article is to analyze the influencing factors affecting the process of
sustainable energy transition applied to nautical tourism, from nautical tourism practiced
with polluting energy to nautical tourism practiced with renewable solar energy, with an
emphasis on enabling and inhibiting factors.

The general objective of the article is to analyze the enabling and inhibiting factors that
influence the energy transition process in sustainable nautical tourism in The Netherlands.
The research question associated with the general objective of the research is: What are the
factors that favor and/or inhibit the implementation of sustainable solutions in nautical
tourism in The Netherlands?

The specific objectives of the research are grouped into three areas of the nautical
tourism market, technological, governmental, and economic, respectively, and user pref-
erences. The specific research questions are related to the four research objectives, respec-
tively: Specific objective 1—Analysis of enabling and/or inhibiting technological factors
influencing the adoption of nautical tourism vessels using renewable solar energy. Re-
search question 1—What are the technological factors that favor or inhibit the process of
energy transition in sustainable nautical tourism in The Netherlands? Specific objective
2—Analysis of enabling and/or inhibiting factors in government policies influencing the
adoption of nautical tourism vessels using renewable solar energy. Research question
2—What are the governmental factors that favor or inhibit the process of energy transition
in sustainable nautical tourism in The Netherlands? Specific objective 3—Analysis of the fa-
vorable and/or inhibiting factors in the economic field of the tourist market for the adoption
of boats for nautical tourism that use renewable solar energy. Research question 3: What
are the economic factors that favor or inhibit the process of energy transition in sustain-
able nautical tourism in The Netherlands? Specific objective 4—Analysis of enabling
and/or inhibiting factors in the field of user preferences (nautical tourism operators) and
those who decide to adopt boats for nautical tourism that use renewable solar energy.
Research question 4—What are the user preference factors that favor or inhibit the energy
transition process in sustainable nautical tourism in The Netherlands?

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 energy
process. 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
the 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 [15,17]. The present research is relevant to 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 in nautical tourism.

The results of the research are relevant to identify the optimal measures to create an
attitude favorable to sustainable tourism behavior [13,16]. The results 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.

Unlike the specialized literature in which the technical-social, economic, and gov-
ernmental fields are treated separately, without highlighting the enabling factors and/or
the inhibiting factors, this research not only brings together basic factors (technological,
governmental, economic, and social, respectively, and consumer preferences) but highlights
the enabling and inhibiting factors for the implementation of sustainable solutions in recre-
ational nautical tourism. Moreover, it brings into discussion, through a semi-structured
interview, concrete issues that are currently faced by operators in the field of nautical
tourism in The Netherlands.
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The paper is structured as follows: the relevant literature for the researched subject
and the research methodology, where the research objectives and questions, results and
discussions, and conclusions are formulated.

2. Study of the Literature

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]. This
invention validates the implementation of the prosumer concept which requires that at least
the energy required for operation is self-produced [12] through solar panels mounted on the
ship and does not charge the batteries from the energy network, which may use electricity
from polluting sources [18]. An advantage of this transition to photovoltaic energy is
the achievement of energy independence, contributing to the objective of reducing CO2
emissions. Solar boats are characterized by the fact that the required energy is produced by
photovoltaic panels embedded in the vessel, as appears in Desmond’s study [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, as stated by Tercan and collaborators [2]. An approach to identifying the
influencing factors favoring and inhibiting the energy transition in the field of nautical
tourism is carried out from the perspective of the operators in nautical tourism. It is
carried out in the fields of socio-technical transition according to the model created by
Loorbach and others [14]. Thus, from the analysis of the specialized literature, the following
influencing factors in the thematic area of technology were identified as favorable factors:
use of existing accessible, tested, and reliable technology [13,16]; use of existing electric
motors that are efficient and reliable, with efficient use of energy; and use of technology
that is easy to maintain by local mechanics [20]. The inhibiting factors that need to be
improved are: the average speed of 8–11 km/h, which enables cruising but is not sufficient
for transport or travel [13,16]; the battery storage capacity; the capacity of photovoltaic cells
to transform solar energy into electricity; the use of these boats in windy weather or on
waters with strong currents due to reduced engine power [20]; the limitation of the large
area required on the hull of the ship for sufficient exposure of the photovoltaic panels; and
the oversized surface load of 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 specialized literature, solutions offered by the orientation towards green energy
worldwide, with concrete policies at the level of the European Union, including financial
instruments [13,16], appear more and more often. The adoption of Sustainable Develop-
ment Objectives at the regional level that indicate the direction towards renewable energy,
but also the existence of policies that encourage the approach to renewable energy by the
European Commission, are sustainable solutions [5]. The existence of financial instruments
available for investment in activities that use renewable energy at the level of the European
Union is increasingly present. The availability of European Union funds allocated to sus-
tainable products and business models for sustainable development projects is addressed
in the specialized literature by Bigerna and collaborators and Trstenjak [13,16]. Inhibitory
factors in the field of government policies, according to Bigerna, are the poor communi-
cation 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, rather than concrete actions and measures to apply these measures
in real life; and 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].

For the nautical tourism market, Panprayun and collaborators identify two favorable
factors: the progressive trend to promote sustainability in general and in the nautical
tourism market in particular and the emergence of awareness among tourists regarding the
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major impact that tourism has on the environment in the context of climate change [20].
The emergence of the tendency among tourists to choose ecologically friendly equipment
and activities is gradually increasing.

Boats, in Gürsu’s [11] view, are adapted to activities that include beaching, fishing, and
deck diving. The increased safety on board for the crew and tourists, especially children,
due to the reduction in sudden movements of the ship because of the reduced cruise
speed is the main focus of the operators of leisure ships. Increased desirability for ships
with elements such state-of-the-art technology, silent navigation, no exhaust gases, and no
engine noise can lead to sustainability.

The consequences of the pressure of tourism on the environment are generally known
and should encourage a change in behavior, as stated in the specialized literature [13].
Solar-powered boats fully equipped and 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 due to the increase in the use of renewable energy.

However, the complicated procedures in accessing EU funds and also the high price
of boats powered by solar energy due to their low level of production are topics ad-
dressed as factors inhibiting the implementation of sustainable solutions in nautical leisure
tourism [16].

Increasing the preferences of nautical tourism users for electric boats and ensuring the
independence of the boat from dependent energy sources are topics addressed by Tercan [2].
The emergence of the tendency among tourism operators to choose ecological equipment
and activities but also to simplify the act of navigation and ship maintenance are elements
addressed in the specialized literature [11,20].

Sustainable transport could benefit from sustainable development from different
angles. Thus, increased share of renewable energy, better quality of transport-related
infrastructure, increased satisfaction with public transport, responsible consumption and
production, and reduction in fossil fuel consumption are also topics addressed in the
specialized literature [21].

In addition, the European Union Directive 959 of May 2023 mentions the Innovation
Fund [22], 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 hydro-
gen and ammonia produced from renewable sources, and in zero-emission propulsion
technologies such as wind, photovoltaic technologies, etc.

The authors of the study in [23] state that the current evaluation of tourism is a critical
issue. Many static measures of sustainability have been proposed in the literature; however,
new dynamic methods are needed to grade the course towards the target of sustainable
tourism. The authors propose a composite vector indicator, called the Differential Dy-
namic Index (DDI), which is defined by two components: a dynamic one, to grade the
evolution of the destination in terms of its sustainability; and the other a static one, to
relativize its position compared to other territories, evaluating the status achieved in the
social, economic, and environmental parameters that affect the degree of sustainability.
Minak [24] identifies three prominent areas for the advancement of solar-powered boats:
maritime drones, sport boats, and short-range cruise ships. Maritime drones are small
autonomous boats used for research, conservation, or military operations. Sports boats
include nautical and power design competitions involving students and enthusiasts. The
author states a growing demand for eco-friendly and low-noise boats suitable for tourism
activities, especially in protected areas. Farrell & Twining [25] also approach the concept
of sustainable tourism in terms of adaptive management, stating that, in the context of
current challenges, the concept of sustainable tourism should focus on developing tourism’s
resilience to disruptions and changes and not on achieving stability as the main purpose.
These approaches to the definition of the concept of sustainable tourism demonstrate their
evolution, with an emphasis on environmental protection and resource conservation, ac-
cording to Kimbu & Tichaawa [26]. By global climate policies, major changes are needed
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in the current energy usage pattern, and an emphasis on renewable energy production is
necessary, including in the tourism industry, which is considered a major energy consumer
and is closely related to sustainable development and energy durability. These general
observations on the principles of sustainability are transferred from the general sector of
the tourism industry and to the sub-sector of nautical tourism that is the subject of this
research. Thus, nautical tourism is defined as an activity that includes travel for tourism,
in combination with sports, recreation, and navigation in an aquatic environment of fresh
water or salt water (in rivers and lakes, as well as seas or oceans). It has been one of the
most developed segments of the global tourism market in recent decades and is constantly
growing [27]. For these activities, most use boats with engines based on fuel and oil, with
an internal combustion engine in the main compartment. These engines release carbon into
the atmosphere, which is one of the reasons for global warming [20]. Also, by using inter-
nal combustion engines there is another negative impact, that of aquatic noise pollution,
which can interrupt the transmission between caller and receiver by masking biotic sounds.
Gorter et al. [28], in their study of solar-powered boats, analyzed 105 photovoltaic boats
from around the world. The first solar-powered, battery-powered boats in the 1970s were
used for commercial and public transport; their development took several decades, but
even then they were only at the prototype level. To illustrate the feasibility and viability of
solar boats, their performance can be exemplified with the Sun 21 solar catamaran from
Transatlantic 21. It was the first boat in the world to cross the Atlantic Ocean using only
solar energy [18]. This journey, of 7000 nautical miles, from the European continent to the
American continent was accomplished in 29 days. The catamaran was 14 m long, with
an average speed of 5–6 knots (10–12 km/h) and a capacity of five crew members [18,28]
(Solarnavigator, n.d.; Gorter et al., 2010). The solar boat concept has been applied in several
projects and various initiatives in different countries, and the boats have started to be built,
tested, and used at the level of innovative niche experiments but have not become widely
used. According to Kemp et al. [29], the transition process takes place in four consecutive
phases. Thus, the first phase is the one in which there are very few visible changes at
the system level, but at the individual level there are many experiments, with this stage
being called the pre-development phase. In the second stage, called the take-off phase,
various innovations begin to consolidate or surprising developments may occur, and the
change process begins. The third stage is called the acceleration phase and is characterized
by visible structural changes at the socio-cultural, economic, institutional, and ecological
levels. The fourth phase is the transition process, in which the new dynamic equilibrium is
reached and is characterized by the slowing down of economic and social changes, called
the stabilization phase. It can be stated that the energy transition process for solar nautical
tourism is in the pre-development phase. Only feasible and viable individual experiments
have been identified, but these have not been applied on a large scale. Also, the dynamics
of the transition process from a socio-technical perspective take place in the context of
a developing market where technologies progress [19,29], as well as administrative and
political influence and consumer dynamics, preferences, and orientations. It is possible
to identify categories of factors that influence the energy transition process: technological
factors, emerging market factors, government policy factors, and user preference factors.
Analysis of these factors can determine whether a new technology can spread and expand
in the market. To reduce the source of the greenhouse effect, the Indonesian government
has committed to using new and renewable energy as an alternative to fossil fuels [30]. To
promote national marine tourism, the research aims to design pleasure and sports vessels
that are powered by an electric motor generated by solar energy. The research focuses on the
efficient use of solar energy as the main source of power for the ship’s electric motor, based
on the existing optimal shape and dimensions of the craft. In recent decades, research has
focused on the development of solar-powered cars [31]. The development of solar-powered
ships was overlooked. Pollution from motor ships has not been a serious concern in the
past. However, motor ships produce significant environmental pollution today, especially
air and water pollution with oil, diesel, etc. Nowadays, the technology for solar-powered
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cars has developed. This is an opportune time to develop solar-powered ships, say Leung
and Cheng. They present in their work aspects related to the design, discussions, and
analyses for the development of solar-powered boats. One of the promising areas where
the use of solar energy has been implemented is the solar-powered boat. The solar-powered
boat or all-electric boat offers the opportunity to reduce greenhouse emissions and switch
to renewable and sustainable energy [32]. The cost of renewable energy technologies
such as wind and solar has fallen significantly over the last decade and this could have
a major impact on efforts to achieve sustainability. The shipping industry contributes to
3.3% of global CO2 emissions [33]. The International Maritime Organization has adopted
short-term measures to reduce the carbon emissions of all ships by 50% by 2050. One of the
means of achieving this ambitious goal [34] is the use of propulsion systems powered by
sustainable energy. This study aims to assess the potential of using standard photovoltaic
(PV) modules on board cruise ships to increase the share of renewable energies in total
energy demand [35]. Due to the limited space available, partially shaded areas should
also be considered for installation. Powering an unmanned robot boat that can operate
autonomously for hours on water requires some special considerations regarding three
factors, according to the authors of the study in [36]. To increase the generated energy, some
excellent options are being evaluated in the onboard photovoltaic system of an unmanned
robot boat. The research is initiated by simulating the power generation system of the
Unmanned Surface Vehicle (USV) and then studying some effective parameters regarding
the efficiency of the photovoltaic array on the USV. Temperature, sun tracking, and glass
transparency are three factors that are evaluated in this work.

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 [37].

Following the study of the specialized literature, we propose, as a general objective,
to analyze the enabling and inhibiting factors that influence the energy transition pro-
cess in nautical tourism in The Netherlands from different levels of the nautical tourism
market,—technological, government, and economic, respectively—and the user prefer-
ences (nautical tourism operators). Four specific objectives are outlined, grouped into
four areas: the analysis of the enabling and inhibiting technological factors that influence
the adoption of nautical tourism vessels that use renewable solar energy; the analysis of
enabling and inhibiting factors in the field of government policies influencing the adoption
of nautical tourism vessels using renewable solar energy; the analysis of 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; the analysis of enabling and inhibiting
factors in the field of user preferences (nautical tourism operators) of those who decide to
adopt boats for nautical tourism that use renewable solar energy.

3. Research Methodology

In this study, the transition process from polluting energy to renewable solar energy
used for nautical tourism ships 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].

According to the authors of the article, the dynamics of the transition process take
place in the context of a developing market (the economic domain) in which technologies
are developed (the technological domain), as well as administrative and political influence
and the dynamics of consumer preferences and orientations. According to this approach,
four domains are identified as categories of factors that influence the energy transition
process, as follows: the domain of technological factors; the economic field of emerging
market factors; the field of political factors of governance; and the domain of user preference
factors (Table 1). Analysis of these factors can determine whether the new technology can
spread and expand in the market [14].
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Table 1. Correlation between analyzed factors and research questions.

Areas Research Questions

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

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

Governance
According to nautical tourism operators, what are the political governance factors that influence the
energy transition process from polluting energy to photovoltaic renewable energy, necessary for the
operation of nautical tourism vessels?

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

Source: Authors’ conception.

This study approaches research from the perspective of interpretivism; due to the
interpretive nature of the research process and ontological data analysis, reality is un-
derstood through the practical effects of ideas. Epistemologically, knowledge is valuable
because it enables the successful performance of necessary actions [38]. From an axiological
perspective, it is the researcher’s values that guide the reflective process of research. The
research method used was the interview technique. It was carried out in The Netherlands
in the year 2022. According to Saunders, the following research questions were formulated:

RQ1—According to nautical tourism operators, what are the factors (favorable and
inhibiting) 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 (favor-
able and inhibiting) in the field of the tourism market that influence the energy transition
process from polluting energy to photovoltaic renewable energy necessary for the operation
of nautical tourism boats?

RQ3—According to nautical tourism operators, what are the factors (favorable and
inhibiting) 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 (favorable and
inhibiting) 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 boats?

Samples were drawn from survey respondents identified as users of technology that
support the transition process [14]. These users, who are operators in nautical tourism,
are the ones who apply the existing technology in real life and choose which is the most
suitable element for their purpose [13,16]. The sampling technique was identified as a
combination of the purposive sampling technique and snowball sampling technique [39].
The research tool was the semi-structured interview. The interviews were conducted in
2022 in Leeuwarden and Harlingen, The Netherlands. The duration of the interviews was
between 50 min and 2 h.

In the first stage of the research, the analysis of secondary sources was approached by
reviewing the specialized literature to identify key concepts and to have an overview of the
research topic [38]. The research design is presented below (Figure 1).
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Figure 1. Research design. Source: Authors’ conception.

In the second phase of the research, the conceptual framework was created (Figure 2) to
understand the interrelationships between the key concepts and the addressed theme [38].

Figure 2. Conceptual model. (Source: Authors’ conception.).

In the third phase, the data required for the research were collected, the deductive qual-
itative research method was approached by creating a predefined codebook (Appendix A),
and the semi-structured interview tool was applied. 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 theory framework
that then influences the direction of the data collection process [40].

The interviews were conducted between 7 May 2022 and 17 May 2022 in Leeuwarden
and Harlingen, The Netherlands. Eight respondents (Table 2) answered 12 questions
(Table 3). The interviews took place on the operators’ vessels anchored ashore or in traffic.
The respondents were owners and/or operators and members of various recreational
boating shipowner leagues. The vessels owned by the respondent owners and/or operators
were steel sailboats, sail and motorboats, small boats with electric motors, diesel motors,
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and electric motors with solar prototypes. The shortest interview lasted 50 min on the ship
anchored to the shore, and the longest was conducted in 2 h, on the ship in traffic.

Table 2. Respondents interviewed. (Source: Authors’ conception).

Respondent
Interview Place The Type of Boats

I1 Leeuwarden Steel sailboat

I2 Harlingen Electric boat with solar panels, capacity of 12 people

I3 Leeuwarden Sailboat and motor

I4 Leeuwarden 31 small boats with electric motors

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

I6 Leeuwarden Sailboat

I7 Harlingen Boat with sails and built-in diesel engine

I8 Leeuwarden Electric motor boat with solar prototypes, capacity of 20 people

Table 3. Interview questions. (Source: Authors’ conception.)

Introduction Q1. First of all, please let me know if you have permitted me to record the
interview.
Q2. Please let me know if you would like to send me the interview transcript for
any changes.

Respondent characteristics Q3. The research approach is carried out from your perspective of nautical tourism
operators.
Please let me know what kind of ship you are using now for your tourist programs.

The technological field
Facilitating factors from the analysis of
specialized literature

Q4. What are the technology enablers encouraging you to adopt solar power for
your watercraft?

Inhibitory factors from the analysis of
specialized literature

Q5. What are the technology barriers that are keeping you from adopting solar
power for your watercraft?

The field of the tourist market
Facilitating factors from the analysis of
specialized literature

Q6. What are the enabling factors in the tourism market that encourage you to
adopt solar energy for your boats?

Inhibitory factors from the analysis of
specialized literature

Q7. What are the inhibiting factors in the tourism market that discourage you from
adopting solar energy for your boats?

The domain of governance
Facilitating factors from the analysis of
specialized literature

Q8. What are the political governance enablers that encourage you to adopt solar
power for your watercraft?

Inhibitory factors from the analysis of
specialized literature

Q9. What are the inhibiting factors in the field of political governance that
discourage you from adopting solar energy for boats?

Domain of user preferences (nautical tourism
operators)
Facilitating factors from the analysis of
specialized literature

Q10. What are the driving factors in user preferences that encourage you to adopt
solar power for your watercraft?

Inhibitory factors from the analysis of
specialized literature

Q 11. What are the inhibiting factors in user preferences that discourage you from
adopting solar energy for boats?

Closing the interview Q12. Would you like to add any other information that you consider relevant to
the research topic?

Thank you and good luck!
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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 recom-
mendations received based on the snowball technique, the following respondents resulted.

In the fourth phase, the research results were analyzed and interpreted, and in the
fifth phase, the discussions and conclusions were presented [38].

4. Results and Discussion

The Netherlands is a relatively small country located in northwestern Europe, which
has part of the delta formed by the rivers Rhine, Maas, and Scheldt, and has the North
Sea to the north. Even the name of The Netherlands represents “the land below” [15,41].
Water areas, which represent approximately 18% of the country’s total area, include lakes,
canals and waterways, rivers, inland waters, and the North Sea. Over 6000 km of the area is
waterways, and over 4400 is officially designated as primary recreational waterways. Naval
infrastructure, including marinas, and permanent berths are well-developed throughout
The Netherlands’ waterway network. Also, recreational activities related to the aquatic
environment are well developed, including sailing and motorboat cruises, but also canoeing,
surfing, water sports, etc., indicating that the Dutch are passionate about water-related
recreational activities. Likewise, the number of public authorities, following the example
set by Amsterdam, focusing on zero-emission navigation are increasing. These public
authorities develop navigation routes open only to electric navigation [15]. In the context
of the sustainable development approach, an orientation towards pollution-free navigation
is becoming more and more popular. For these reasons, the research area of this thesis is
established in The Netherlands.

The novelty of the research is about the favorable factors and the inhibiting factors
that affect the process of sustainable energy transition applied to nautical tourism for the
implementation of sustainable solutions, as well as about the results of the interview that
bring into discussion concrete issues faced by nautical tourism operators in The Netherlands.
The respondents of the study are users of boats for tourism and leisure purposes, both
as a commercial activity and as a recreational activity. Their activity is carried out in the
Friesland region of The Netherlands in the towns of Leeuwarden and Harlingen, areas
with high nautical tourism activity. The types of boats used for tourism and pleasure
range from steel boats with built-in sails and diesel engines to prototype boats that have
made the energy transition and are powered by electric motors powered by ship-mounted
solar panels.

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

4.1. Technological Domain

RQ 1. According to nautical tourism operators, what are the factors (favorable and
inhibiting) 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?

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 one
mentioned in the specialized literature [13,16] that the existing electric motors are still per-
forming and are reliable, with efficient use of energy, and are difficult to damage (Figure 3).
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Figure 3. Technological factors influencing the energy transition in nautical tourism. (Source:
Authors’ conception).

Another favorable factor is the maintenance of the electrical system, which is consid-
ered easy to maintain by local mechanics [20]. This technology ensures comfortable sound
levels without vibrations, as well as without other pollutants such as smoke during leisure
boat travel. This aspect of technology is highly appreciated by tourists. The energy indepen-
dence offered by solar technology, which even if it still has a long way to go to be optimal,
ensures the freedom to choose a tourist route without having to arrive at a port with an
energy 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
requires that the energy consumed by the user is partially or fully provided by its own
energy supply system; in this case, that of the tourist boats is through the photovoltaic sys-
tem mounted on the hull. In addition to the commonalities identified in the literature and
confirmed in the present study, several new factors unique to the study outcomes were iden-
tified. The first important aspect identified following the study is the awareness by those
interviewed of environmental protection through the adoption of solar technology and
electric motors. The survey respondents stated that the value of the natural environment is
important in choosing carbon-free technology for both recreational and tourism uses. As
for the inhibiting factors, the low speed of the ship, of 8–11 km/h, has been identified in the
specialized literature, which enables cruising but is not sufficient for transport or travel [16].
This factor of 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. [13,16], and confirmed by the survey respondents,
an important inhibiting factor is the low energy storage capacity of existing batteries on
the open market, as well as the performance of photovoltaic cells to convert solar energy
into electricity. The 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 high currents due to low engine
power, an aspect confirmed by the interpretations of the interview results. According to
Gürsu (2014) [11], 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 area of the ship and requires a limited approach to the aesthetics and
functionality of the ship’s form. In addition to the commonalities between the literature
and the study, unique inhibitory factors identified from the interview analysis were also
identified. An important inhibiting factor is the initial financial investment, which is consid-
ered to be large, and which requires careful analysis from an economic point of view. Some
respondents say that for boats that use electric motors but recharge their batteries from the
grid, it is cheaper than installing the solar panel system. 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 important to consider the fact that in the production chain of part
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of the technological system of solar energy, there is pollution in their production; a relevant
example is seen in 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 have been 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 is also worth noting that technology manufacturers do
not have enough reason to encourage the development of solar boat products because
there is not much demand for these products in the first place, and manufacturers focus
on the production of products that are in demand and generate profit. Following the
interviews, the respondents affirmed the importance of solar technology for supplying
energy to electric motors for the transition to solutions that ensure the comfort necessary
for a pleasant boat trip but also that sailboat technology must be seriously considered when
it comes to durable solutions for navigation.

4.1.1. Enabling Factors in Technology

The respondents said that one of the main factors enabling the energy transition is
that electric motor technology ensures the quality of travel for tourism and leisure in terms
of environmental quietness, lack of vibration smoke, and other pollutants. This aspect is
clearly expressed by respondents I1 and I8: I1: “Yes, don’t make so much noise is important.
Yes, and no vibration. Sounds no! I want to enjoy nature. So, I want to hear the birds. Twice
as quiet. I want to be in a quiet space.”; I8: “That’s the main reason we adopted electric
propulsion—because it’s quiet. And we want our guests on board to have the experience of
silence.” Another category of enablers is solar energy technology, for powering batteries for
electric motors to power existing boats, which is already available on the open market, such
as ordinary batteries or solar panels used in homes, not only in laboratories, and is effective
for those who have adopted it. An important encouraging factor is the ease of maintenance
of electric motors compared to internal combustion engines. The efficiency of technology is
clearly expressed by respondents 2 and 8: I2: “Two times four kilowatts can keep us going,
we can sail all day.”; I8 “We have them (solar panels) on the deck and roof of our boat, and
they provide our battery system with energy. That system works with all the other systems
on board, we have no fossil fuels on board.” Another important factor considered to ensure
the energy independence of the ship is provided by solar energy technology, which allows
the ship to sail on any route it wants without being required to charge the batteries from
the energy network in the ports. This aspect is clearly expressed by respondent 7: I7: “Solar
panels can also ensure the energy independence of the ship and you can sail where there is
no electrical grid.” “Of course, one of the most important problems of the present is that of
the environment, which is also present as an encouraging factor that protects the natural
environment by adopting carbon dioxide-free technologies.”

4.1.2. Inhibitory Factors in the Field of Technology

The respondents primarily referred to reduced energy independence due to the limited
capacity of existing battery technology to store electricity. Another factor that affects
reliability is that the technology depends on sunlight, and when it is absent, the batteries
cannot be charged. This can affect the distance of the travel, as well as the safety of the
motor. The following quote is illustrative: I1: “Maybe it’s not as reliable. Because if you
want to use solar energy, you must have sunlight. And I think also with storage, you
probably can’t, you don’t have the same level of coverage. And so, we have a limited range
of places we can go.” Another inhibiting factor is the low power of the electric motors that
can be efficiently used with the energy produced by the solar panels on the ship. Thus,
because energy is limited both in terms of photovoltaic production and the limited storage
capacity of existing batteries, electric motors with limited power must be used to have low
energy consumption and thus ensure a greater travel distance. Another relevant inhibiting
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factor for the adoption of solar technology for boats is the large area required to install the
panels on the ship’s hull. Besides the surface factor, there is also the inhibiting factor of the
ship design having to accommodate the need to install panels on the hull and also in the
height of the panels; this limits the shape and appearance of the ship both aesthetically and
functionally. The roof of the ship limits tourist routes when bridges get in the way of ships.
The following quotes are relevant: I5: “It is difficult to find space to mount solar panels
large enough to be efficient. I think that if there were photovoltaic cells incorporated in
the deck and the hull of the boat it would be a solution, but it is difficult to add more.”;
I6: “I have nowhere to install panels for this. There is no place, no room, no square meters
to mount the solar panels.” The economic aspect is mentioned by the respondent as an
important one. Thus, the initial investment in solar technology equipment required for
the energy transition is considered high and is an inhibiting factor: I4: “Users of electric
motorboats charging their batteries from the grid consider this energy to be cheap and
do not justify the investment in solar panels”; I2 “Electricity from the grid is cheaper. It’s
cheaper than solar investment.” Another inhibiting factor is the pollution in the production
chain of the necessary technological components, such as the extraction and processing of
lithium from batteries.

4.2. Economic Domain

RQ 2. According to nautical tourism operators, what are the economic factors (favorable
and inhibiting) in the field of the tourism market that influence the energy transition
process from polluting energy to photovoltaic renewable energy necessary for the operation
of nautical tourism boats?

According to Bigerna and Trstenjak et al. [13,16] 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, with the emergence of an awareness among
tourists regarding the major impact that tourism has on the environment in the climate
context. Survey respondents noted this awareness, but its adoption in sustainable behavior
is considered nascent. Also, according to Panprayun & Pitaksintorn [20], there is an
incipient tendency among tourists to choose ecological friendly equipment and activities,
an aspect confirmed by the interviewees of the study. The increased attractiveness of
boats with state-of-the-art technology is mentioned by Panprayun & Pitaksintorn [20]
as a contributing factor and confirmed by interview respondents who appreciate that
solar boats are a tourist attraction in themselves. An analysis of the total costs (Figure 4)
of renewable energy production shows that substantial progress has been made in the
field of solar photovoltaic energy. These costs fell from USD 350/kWh in 2010 to USD
100/kWh in 2017, i.e., by 72%, which is a big boost for the economic aspects of financial
policy implementation.

The interview respondents and the authors Panprayun & Pitaksintorn [20] consider
that the factors favoring boats with solar technology are adapted to activities such as
beaching, fishing, and deck diving, as well as increased safety on board for the crew and
tourists, especially children, due to the reduction in sudden movements of the vessel due
to the low cruising speed of the ship. The inhibiting factors, both from the specialized
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.
The respondents also state that the shift in mindset towards sustainability is slow, and
the determining factor in choosing a type of behavior is driven 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. [13,16]
add another inhibiting factor in that the fully equipped and developed boats for tourism
purposes 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
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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 worthy of discussion is the intrinsic motivations of the tourists
who make up the tourist 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 there is less concern for sustainability.

Figure 4. Comparative analysis of total energy production costs for renewable energy technologies,
2010–2017 (USD/MWh). Source: European Court of Auditors, based on the [42].

4.2.1. Enabling Factors in the Market Domain

The survey respondents stated that one of the most important enabling factors is
tourists’ preference for a quiet and distraction-free nautical experience, which is fully
provided by electric boats, and respondents 1 and 5 clearly express this: I1: “Sounds? I
want to be in a quiet space. That is why you go out on the water.”, I5: “Tourists choose to
take water trips on quiet boats to admire nature in peace.” Another favorable factor is the
fact that an electric boat with solar panels is a tourist attraction as they are very rare and
the novelty attracts and arouses curiosity. Also, a relevant determinant from the interviews
is that of public opinion, which leans towards a sustainability trend. Although still in its
infancy, some members of society are beginning to take truly timid steps towards adopting
sustainable behavior, including in their leisure choices, and consider the direction towards
renewable energy to be the right direction.

4.2.2. Inhibitory Factors in the Market Field

One of the identified inhibiting factors is the high travel price that tourists must pay
for boat trips with such solar technology. The responses of respondents 5 and 8 are relevant
in this sense: I5: “The price of the trip matters a lot.”, I8: “Yes, people are open to us, but
we are not cheap enough.” It is also noted that since there are very few such boats on the
tourist market, the knowledge about this option is limited and not known enough to be
an easy option for tourists. From an economic point of view, there is no pressure from the
tourism market on cruise operators to adopt solar technology for boats. This aspect results
from the fact that the price of energy in the network is low and does not justify the initial
investment in the photovoltaic system, and thus the price of the trip is more convenient
for the tourist, which proves that the economic factor is important. Respondent 4 stated:
I4; “There is virtually no pressure to go solar.” Another inhibitory factor for the adoption
of solar technology for nautical tourism which emerged from the interviews is the change
of pace in tourists’ mindset towards sustainability, which is considered too slow. Thus,
although this trend of sustainable behavior exists and is developing, it is considered more
declarative than something that is adopted into everyday behavior as a way of life. This
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way of life requires a change in mindset and as such, is considered to be happening in a
manner that is too slow. This aspect is presented by respondents 5 and 8. I5: “And no more
for those who adopt the sustainable philosophy. No, no, not yet.” I8: “You can move to
a more sustainable way of life, but you also have to change your mindset... the mindset
change isn’t happening or it’s not happening fast enough!”

4.3. Governance Domain

RQ 3. According to nautical tourism operators, what are the factors (favorable and in-
hibiting) 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?

To find answers to this question, the specialized literature shows us, as a first influ-
ential factor, the fact that there are concrete policies at the EU level, including financial
instruments, which ensure a governance context oriented towards green energy. The spe-
cialized literature also presents favorable context that develops at the level of the United
Nations through the adoption of the Sustainable Development Goals, which proclaim
the direction towards renewable energy. The authors Bigerna and Trstenjak et al. [13,16]
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 level of the European Union and
the level of the local municipal administration that creates and provides this favorable
environment. According to Bigerna, [13] and confirmed by the 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 requires
greater effort from the perspective of policies to encourage sustainable behavior. Another
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 applicable legislative norms in
the field, their updating is necessary. It must be discussed that unlike the civil society that
has individual and private concerns, the public administration has, by definition and by
its founding acts, in its concern 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. The domain of government
policies provides the legal and administrative context, as well as support tools specific to
development policies, which favor or inhibit the process of transition to renewable energy
in the field of solar nautical tourism.

4.3.1. Enabling Factors in the Field of Government Policies

A first favorable factor identified by the respondents of the study is the existence of
financial instruments in the form of subsidies, granted by public authorities to support
the energy transition. This aspect is exemplified by the statement of the first interviewee:
I1: “We had a grant. . . for the transition. . . if you can get some money to make the transition
easier”. It is also mentioned that a local resolution was debated and adopted at the level of
the local municipality, which financially supported the construction project of a prototype
electric boat with solar panels to be used for tourism in the local port area. This project
was successfully carried out and currently provides tourist services in the local port and
is highly appreciated by tourists. The quote from respondent 2 is illustrative: I2: “And so
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we came, one of the ideas was to start this, this solar fairy here. I wrote a book Plan AB.
And I presented that to the city council. And there are four or five parties, and they have to
permit the community to spend money on us. . . it’s important to have good relations with
your authorities.” This case is representative of the good practices of local municipalities in
supporting local energy transition initiatives. The example of the transition in the case of
electric cars and the trend towards this option is also mentioned, as well as the fact that in
the case of boats, this transition is only just beginning. Another factor that can accelerate
the process of adopting policies to support the energy transition is that of negative modal
events (such as the war in Ukraine) that emphasize dependence on fossil energy sources.
These tragic events have the potential to put pressure on policymakers to identify and
utilize incentives to adopt alternative energy sources. It was also mentioned that there is
information, if only at an early stage, about subsidies offered by the European Union and
one respondent stated that these European subsidies are known and have been accessed.

4.3.2. Inhibitory Factors in the Field of Government Policies

The first inhibiting factor is the lack of adequate promotion of policies and instru-
ments, including financial ones, to support the energy transition. This factor has as a direct
consequence in terms of the ignorance by potential beneficiaries of these tools and thus
their inaccessible access. The following quotes are illustrative: I1: “I’m not sure what. . . sub-
sidized system exists anymore. I don’t know now. . . about the European foundations. . .”,
I3: “I’m not sure. . . that the government is helping. . . to make this transition. I don’t hear a
lot of politics about this interesting genre, like, how do you do this for your house or your
car, but for boats? I have not heard from politicians about such a thing.” Another inhibit-
ing factor noted by the respondents is the complicated procedures and bureaucracy that
characterize their access. Thus, even if beneficiaries have some information about support
policies and financial instruments, they are discouraged by complicated procedures and
bureaucracy, causing them to have a reserved attitude towards this field. The following
quotes are relevant: I2: “About European funds. . . it’s quite complicated for us.” I8: “The
procedure, to apply for grants. . . Oh, that’s horrible.” Respondents also mention legislation
as an inhibiting factor, considering that the current legislation needs to be improved and
updated to be consistent with the transition process in the nautical field. Also, an inhibiting
factor is considered the mentality of the officials who are responsible for the application of
the legislative norms in the field and who, according to the respondents, need a change in
mentality that allows the process of energy transition and the conceptual transposition of
sustainability in practice. The quote from respondent 8 is illustrative: I8: “First, it is the
change of mind before it is the system of thought that must be changed about it.” From
the perspective of the respondents, the fact that education in the field of sustainability
is considered insufficient is also considered an inhibiting factor. For this concept to be
adopted in everyday behavior, more effort is needed in the field of education.

4.4. User’s Preferences Domain

RQ 4. According to nautical tourism operators, what are the factors (favorable and
inhibiting) in the field of user preferences that influence the process of energy transition
from pollutant energy to photovoltaic renewable energy necessary for the operation of
nautical tourism boats?

The literature presents an important factor in the category of user preferences in
terms of the emergence of a tendency among users/tourism operators to choose ecological
equipment and activities [20]. The results of the study confirm this trend of 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
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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 specialized 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 routes through areas where the ship
does not have to dock in ports to recharge the batteries, the economic cost of energy, and,
implicitly, no waste in terms of journey time. 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 puts pressure on 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 the future technology represented by energy-
independent electric boats was mentioned. The survey respondents reported the im-
portance of boating investment in nautical tourism based on future clean technology
development trends. Another unique factor enabling the research results is the culture
of common sense, a special feature present in Dutch culture. The fact that the feeling
of shame, which is a part of common sense, is considered when choosing the type of
boat in order to not use those 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. [13,16], represented by user preferences for affordable prices
and who consider high prices for solar-powered boats due to niche production. The results
of the study confirm this inhibitory factor and emphasize that the financial factor is sensi-
tive to user preferences. Regarding the new results identified following the research, the
inhibiting factor represented by the concern for the pollution produced in the manufac-
turing 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 habits is another new inhibitory factor resulting
from the interviews. The domain of user preferences is important in that their preferences
decide whether the adopted technology enters the market or not.

4.4.1. Enablers in the Field of User Preferences

A first favoring factor is the emergence of the tendency towards the sustainability
of society in general and from concerns regarding the problems of climate change, as
well as those of the protection of the natural environment. This trend exists even if it
is just the beginning of the road. The following quotes are illustrative: I1: “I think it’s
also because I think it’s better for the environment. . . I think it’s better to use. . . solar
energy.”, I2: “It’s more the way to the future, to do it in a sustainable way with solar
energy.”, I7: “Environmentally, I think it’s better to use solar energy.”, I8: “We strongly
believe in a sustainable society.” Another identified enabling factor is an economic one,
whereby users consider it important to consider future trends for future investments. Of
course, the preference of users to adopt solutions that provide them with increased comfort
in terms of sound, movement, and being pollutant free is repeatedly mentioned by the
interview respondents. From the answers of the interviewees, a favorable factor is the
common sense culture of the respondents that influences their behavior. It mentions the
shame of not bothering other people with your engine, which may cause discomfort to
other people who cannot stand the noise, exhaust odors, or other pollutants. From these
cultural considerations, technological options are considered which avoid possible negative
interference on the comfort of others. A quote from respondent 3 is illustrative in this sense:
I3: “It’s a shame to use the polluting engine because yes, it’s noisy. It smells bad and yes, it
pollutes sound, water, air”.
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4.4.2. Inhibitory Factors in the Field of User Preferences

From the category of inhibiting factors, the consumption habits of users stand out.
They are used to a certain way of sailing and the current situation is convenient for them,
so they feel no pressure to change anything in their preferences. The following quote is
illustrative: I4: “There is no pressure to do it. . . we have a business. It goes perfectly.” I5: “I
think habit is important to me. It’s hard to change the way we sail after so many years
of sailing.” Another inhibiting factor is user preferences for the aesthetic considerations
of a tourism and leisure vessel. Current designs do not always match users’ preferences
for boat shapes from an aesthetic point of view. An inhibiting factor is the preference of
users for boats that do not require expensive financial investment. For the same functional
characteristics, the user can buy a boat with a lower initial investment than a similar boat
with solar technology, which is currently considered expensive.

5. Conclusions

In the context of the European directives on the Sustainable Development Goals, the
COP21 Paris Agreement [43], and the principles of sustainability in tourism, the solution
offered by solar nautical tourism is consistent with these goals and principles. Solar water
tourism is only considered at a prototype level and in experiments. It is not widely found
in water spaces in the world in general and in The Netherlands in particular. Water tourism
operators have not widely adopted this solution for photovoltaic electric boats. What are the
factors that could help to adopt sustainable solutions in nautical tourism? The conclusion
of the authors following the interviews with the operators of recreational nautical tourism
is that the four domains influence each other and that there is a codependent relationship
between the influencing factors. The research organized by domains provides a reliable
structure, and the conclusions are presented in the four domains: technological, 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
on the open market and can be used for this purpose. Of course, many technological
aspects need improvement and development, such as the ability to store energy in batteries
or the ability of photovoltaic cells to convert photons into electricity [44]. However, the
basis of the technology exists and lies in the functional parameters. In the technological
field, enabling factors are identified as relevant to the subject. The favoring factors include:
the sustainability trend of society in general, from concerns regarding the problems of
climate change, as well as those of the protection of the natural environment; concerns for
sustainable investment, whereby users consider it important to consider future trends for
future investments in photovoltaic panels; increased comfort in terms of sound, movement,
and lack of pollutants; and the culture of common sense, namely the need not to disturb
other people with engine noise, which may cause discomfort to other people who cannot
stand noise, exhaust odors, or other pollutants. At the same time, inhibiting factors such as
the limitation of the storage capacity of the batteries produced by solar panels, the negative
impact on the design of the boat, the low power of the engine used, the high initial economic
investment, and the pollution in the production chain of the necessary technological system
components are also factors that influence the transition. It can be concluded that although
there is still much room for improvement in solar electric technology for nautical tourism,
the boats exist on the open market and even at this level of development are functional.
In addition, it can be stated that although existing solar technology can provide limited
sustainable solutions for nautical tourism, the concrete needs faced by nautical tourism
operators in The Netherlands constitute research topics for inventors.

In the economic field, the main conclusion is that the economic factor is the most
important factor regarding the decisions and the behavior of the tourism market. Although
there is information in the tourism market regarding the advantages of the energy tran-
sition to renewable energy, the first aspect it considers is the financial one and then the
sustainability factors [45]. This aspect makes the adoption of boats with solar technology
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on the free market not very attractive from an economic point of view. The enabling factors
of the tourism market field, such as their preference for quiet and pollutant-free travel
and the orientation towards sustainability considerations, also show that the slow rate
of change in mentality regarding the concept of sustainability and economic factors are
relevant inhibiting factors for the energy transition in nautical tourism. Moreover, it can be
argued that initially there is an attitude in the tourism market 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 on the tourist market, these
boats are few and far between and are only produced by a few manufacturers, resulting in a
lack 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.

In the area of government policy, the study concludes that, at the government level,
there are efforts to create and implement policies to support the energy transition both
administratively and financially. These efforts can be found at all administrative levels,
from the local mayor’s office to that of the Dutch government, but also at the level of the
European Union and world 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 [46] and complicated procedures. The influencing factors in the
field of government policies have a major role in shaping the political, administrative, and
legal contexts, which are necessary for the evolution of the energy transition process in solar
nautical tourism. Moreover, in the field of government policies, there are policies to support
the process toward sustainable energy, but efforts are needed to improve communication
and the concrete applicability of these policies in real life.

In the domain of user preferences, the conclusion lies in the consumption habits
of users that present major inertia in changing direction to another type of navigation.
Although information about sustainability exists at the level of users and a favorable
attitude towards the principles of sustainability and protection of the natural environment
is present and considered positive, efforts are needed to promote behavior that can be
considered fully sustainable [47]. The influencing factors in the category of user preferences,
such as sustainability and future orientation, economic trends, and common culture, as well
as the existence of old consumption habits, solar technology being considered expensive,
along with the aesthetic challenges of solar technology ships, influence the transition
process to renewable energy.

Sustainability is perceived as important but does not have direct 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 their behavior day by day.

6. Limits of the Research

The limitations identified during the study were the subjectivity of the researcher, the
limited resources of time and materials allocated, the availability of the operators, and
also language barriers. A major limitation was gaining access to primary research sources,
namely access to suitable research participants who meet the conditions set out in the
research design [38]. A limitation can also be the absence of correlation of the data resulting
from the semi-structured interviews, which brings up current issues in nautical tourism
operations in The Netherlands.

7. Future Research

This research opens new horizons for the authors’ future research topics, such as
the transfer of good sustainable practices in other fields, starting from the 17 pillars of
sustainable development from the European Union Agenda until the year 2030 and their
implementation in all fields: education, construction, etc. The continuation of the research
through data analysis and statistical processing (SPSS 26, STATA 17, Eviews 13) of the
information collected during the interview is the current concern of the authors.
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Appendix A

Table A1. Codebook with predefined codes.

The research question
According to nautical tourism operators, what are the technological factors that influence the energy transition process from polluting
energy to photovoltaic renewable energy, necessary for the operation of nautical tourism boats?
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Iw1

- the main reason would be that it is
quiet.

- no vibrations
- It is better for environmental issues.
- much better for nature

- ensures silence and lack of
vibrations.

- High-performance, reliable,
and efficient electric motors

- The normal battery
- easy maintenance
- solar panels can ensure energy

independence.
- you don’t have smelly things

to do.
- friendly with the environment

- technology that ensures
comfort without
disturbances

- accessible, efficient
- ensures energy

independence.
- environmental problems

Iw2

- compared to the diesel engine,
maintenance is easier

- Two times four kilowatts can keep us
sailing all day.

- it’s a normal battery

Iw3 - we have a small solar panel on top of
the deck. . . for charging

Iw4 - electric motors. . . it’s ideal. . . good
components. . . almost no damage.

Iw5
- current technology is

advanced/reduces maintenance costs
of electric motors.

- it’s cleaner and quieter

Iw6
- technology is advanced.
- encouraging techniques by which you

can see how many watts you charge

Iw7

- electric motors are of high performance
and reliable and efficient use of energy.

- easy to maintain.
- solar panels can also ensure the ship’s

energy independence

Iw8

- we have a range of 100 km/It’s
quiet/it is a new technique/the weight
of the batteries was perfect because I
needed the boat with
weights/normally used batteries
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Iw1

- maybe not as reliable
- if you are going to use solar energy,

you must have sunlight.
- storage
- a limited range of places you can go.
- fuse (if your engine doesn’t work)

- sunlight is required.
- limited energy storage

capacity
- a limited range of the route
- limited power of electric

motors
- large area required for solar

panels.
- the initial investment is too

expensive.
- solar panels limit the design of

the ship.
- limited trust
- there are no local

representatives.
- the manufacture of

components generates
pollution

- reduced energy
independence

- limited ship design
- a limited route
- low power
- big initial investment
- limited reliability
- pollution in the

production chain

Iw2

- engines. . . but this factor is not
extremely strong.

- we bought new engines, to eliminate
the cause of pollution.

- a large enough area. . . for solar panels

Iw3
- I didn’t even know there were so many

options to use it.
- surface energy storage mode.
- how the batteries occupy this space.

Iw4

- it is an economic factor.
- it’s too expensive. . . solar investment.
- grid electricity is cheaper/routes

navigate. . . under low bridges.
- required. . . large roof for solar panels.
- it cost too much. . . the first investment.
- people don’t like it when something

goes over their boats

Iw5
- it is difficult to find space to mount

solar panels large enough to be
efficient

Iw6
- I don’t have room to mount panels.
- there is no space, and no square meters

to install solar panels.

Iw7

- the price of the equipment is quite
high.

- configuration is not well optimized
now.

- quite hard to find on the market.
- they have no local representatives.
- may not be as reliable.
- I don’t think the batteries can store

enough energy

Iw8
- lithium (from the battery) is not the

most durable of the whole chain for
the energy collection mode.
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