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Abstract

Background: This research work takes a strong sustainability approach with the focus on renewable
energy technology (RET) diffusion to meet the multifold and complex challenges with CO2 emission
targets and geopolitical energy challenges. Global warming, sustainability issues and significant
energy crises, suggests that RET is seen as one of the most important solutions to deal with these
challenges. Wind energy has been identified to have a leading role in achieving a low-carbon or
completely carbon-free energy sector. Sweden is in the forefront of an energy transition having
ambitious goals, and the lack of renewable energy sources may potentially become a problem.
Diffusion of new technology may facilitate access to new resources at non-exploited areas, why the
challenges to implementation of Floating Offshore Wind Technology (FOWT) and how the technology
will diffuse in Sweden is the focus of this research study.

Objectives: The purpose and aim of this study is to establish an understanding of diffusion and its
drivers and challenges related to FOWT in Sweden and contribute with new knowledge in the field of
renewable energy sources. FOWT may facilitate access to new wind resources at deep water
conditions, why this study research the challenges to implementation of FOWT and how the
technology will diffuse in Sweden.

Methodology: The research area is limited to Sweden where main drivers and challenges are
identified and framed by literature review of Porter’s Diamond model competitiveness factors and
interviewing experts within the Offshore Wind Energy (OWE) industry. The qualitative interview
results are applied in the Technology Acceptance Model (TAM) framework, where Innovation
Diffusion Technology (IDT) model is used as theoretical framework to build up an understanding of
the level of FOWT diffusion in Sweden and how it will diffuse. We use the concept of TAM in
combination with IDT to explain how FOWT as a new technology is perceived to be used in the OWE
industry with a particular focus on the challenges related to the implementation of FOWT in Sweden.

Results: We provide guidance for the OWE industry stakeholders and valuable information of what
need to be in focus to resolve challenges for implementation, and the diffusion of FOWT in Sweden.
Our general assessment show that the market is positive about the technology. On the other hand,
we find that the challenges are multifold and further complicates the implementation phase.
Although FOWT has support from climate and environmental impact, the technology has limitations
that can negatively affect the Behavioral Intention to Use (BIU).

Conclusions: The challenges to implementing FOWT are multifold and concluded to be high risk
premium for investors with limited scale effects due to substantiated grids and infrastructure.
Collaboration issues between investors and government agencies are obvious, this in terms of
inefficient permit processes and general understanding of the impact of the technology for decision-
makers within the FOWT value chain. The interview results and IDT analysis direct that FOWT is in
the stage of persuasion and will from this stage progress further to the decision and implementation
phase of diffusion. Our arguments are based on the identified level of knowledge maturity present



among the interviewed stakeholders, and the fact that policy and specialist reports include FOWT
when evaluating RET alternatives for new areas.

The IDT framework is concluded to be a good tool to further understand what can be done to
facilitate diffusion. The study conclude that TAM can be used to identify challenges related to
stakeholder perspective and perception also for non-information technology related technologies.
Our study suggest that collaborative approach is needed in Sweden to resolve challenges for
implementation.

Recommendations for future research: The data is collected during a relatively short time period
and limited number of interviews are conducted, therefore further studies are needed in the same
area to bring more clarity to the FOWT diffusion mechanisms. We identify an opportunity for future
research to further focus on the negative aspects of why the Swedish OWE industry perceives these
factors as strong obstacles affecting the BIU. In parallel further of interest is to look at FOWT from a
larger perspective such as Scandinavia and the understanding if cooperative activities can accelerate
FOWT diffusion.

Keywords: Renewable energy, diffusion, competitiveness, floating offshore wind technology, FOWT.
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|. Background to research

Global warming requires for an increase in renewable energy sources in Scandinavia to achieve local
CO2 emission targets set by EU (European Commission, 2018; European Parliament, 2009). The
connection between economic growth, international trade, renewable energy and environmental
emissions has recently received more attention as the climate impact has reached an excessively
high level of deterioration (Adebayo et al., 2022). Earth's oceans act as negative feedback on climate
change with enormous absorption capacity of CO2 emissions. However, according to a study by
Armstrong McKay et al. (2021), including one of the world’s leading professors in environmental
science Johan Rockstrém?, show that global warming is constantly decreasing the sea's absorption
capacity, whereupon the situation becomes more critical. Global warming, sustainability issues and
significant energy crises, suggests that renewable energy (including wind and solar energy) is seen as
one of the most important solutions to deal with the challenges. It is proposed that policymakers in
Sweden should include the growing public opinion on the issue of sustainability by placing greater
emphasis on the need for new renewable energy sources to mitigate global warming with greater
effect (Adebayo et al., 2022). The need for renewable energy sources is clear, where the share of
renewable wind energy in Sweden is expected to increase to 40% in 2050 (Jaraité et al., 2019). Wind
energy has a leading role in achieving a low-carbon or completely carbon-free energy sector.
“Following this aim, wind energy was globally established in 2019 as a mainstream source of clean
and cost-competitive energy.” (Spyridonidou & Vagiona, 2020, p. 1). The lack of renewable energy
sources may become a problem due to Sweden’s climate policy framework present ambitious goals
to have zero net emissions of greenhouse gases into the atmosphere by 2045 (Ministry of the
Environment, 2021).

Recent energy crisis has led to sharply increased energy prices, that has come as a shock to many
Swedish households (Associated Press, 2022). Increasing degree of electrification of society further
increases the energy crisis (Mordor Intelligence, 2022; Nordpool, 2022). The energy crisis and price
volatility indicate for a higher demand in energy supply of renewable energy source in the
Scandinavia region. New efficient technology development in offshore wind energy increases the
possible areas for technology implementation (Abdel-Basset et al., 2021). The development in
offshore wind farm technology has mainly focused on bottom-fixed concepts, which normally
requires to be utilized in relative shallow waters with sea depth below 60 m (Swedish Energy Agency,
2022). An example of new technology development is the use of Floating Offshore Wind Technology
(FOWT) solutions, that can be installed at deeper waters (Oh et al., 2018).

The wind power sector and technology is commonly divided into three categories based on the
location of the turbines and the bottom structure (Elsner & Suarez, 2019; Equinor ASA, 2022; Malafry
& Ohman, 2022; Stahle et al., 2017; Wen et al., 2019; WindEurope, 2022). These are: Onshore (land-
based WT), OWT (near the coast or offshore with foundations attached to the seabed) and FOWT
(offshore floating or mounted on a platform floating over the seabed) - See Figure 1.

! Johan Rockstrém is a professor in environmental science with emphasis on water resources and global
sustainability at Stockholm Resilience Center, Stockholm University (Stockholm Resilience Centre, 2022).
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FOWT is relatively new on the European market where the first full-scaled floating offshore wind
farm was commercialized in 2017, Hywind Scotland (WindEurope, 2022). Dynamic cable systems with
long service life are considered to be a key factor for FOWT to be sustainable and competitive on the
market. The technique has been used more frequently for floating platforms in the oil and gas
industry since 2010 (ABB, 2022) and could be imitated for FOWT. It has been argued by Equinor ASA
(2022), one of the world’s leading offshore wind developers, that FOWT will be able to compete with
bottom-fixed structures more in the future where the development of technology is important and
the diffusion mechanisms important to understand. This study acknowledges FOWT as a further
development of OWT that has already been implemented and commissioned in Sweden
(WindEurope, 2022).

I.1. Problem discussion

The conditions for FOWT differ from more traditional OWT, whereupon the Swedish energy agency
has issued a comprehensive analysis with an account of technology, cost development and market
potential for FOWT in particular. Although, there is still no commercial floating wind farm today,
there is an increased interest in FOWT among both project developers and the Swedish government
(Swedish Energy Agency, 2022). From an EU perspective, the introduction of Swedish FOWT could
also enable additional support systems to surrounding countries and thereby increase the EU's total
electricity production capacity via interconnectors and ease the geopolitical energy dependency to
fossil energy regions. This is considered to be a cost-effective way for Sweden to contribute and to
achieving the EU's goals (Swedish Energy Agency, 2022).

Sundstréom (2021) concludes that the available energy output for offshore wind energy in Sweden is
estimated annually to 56 TWh, that was 35% of total energy produced in Sweden during 2020. This is
excluding the potential diffusion of the new technology capacity from FOWT, with the potential to
accelerate the offshore wind energy contribution. FOWT is included in a similar study by Li (2021),
although this study limits the analysis to near shore applications and therefore excluding the possible
deep-water areas that are feasible for FOWT. Vieira et al. (2019) concludes that the UK



implementation of offshore wind farms show a declining trend in CAPEX per energy capacity (MW)
making offshore wind energy investments more competitive than before. On the other hand,
Swedish energy agency estimates that offshore wind in addition to electricity certificate system, is
not justified before 2030 due to cost constrains (Swedish Energy Agency, 2022). This estimation is
although based on the current OWT and cost structure, without taking full account to possible
positive effects from technology diffusion, i.e. full cost benefit. In other words, the argumentation is
mainly based on older references. As a result of the cost benefits OWT is already today more
attractive than during recent years, but it has not yet been implemented in the Swedish OWE
industry where only 5% of all offshore projects are approved (Sweco Sweden, 2021).

Several studies have been conducted to understand the constrains and drivers for growth in the wind
energy industry and to understand relevant key measures for site selection and decision models for
investments. Blondiau & Reuter (2019) conduct explorative research and conclude that decision
making in energy markets (e.g. site selection) are influenced by institutionalized beliefs and
expectations, which leads to an evaluation asymmetry. Even if investors seek to maximize their
investments, risk and cognitive factors are affecting location choice decisions but investors
eventually tend to take responsibility and do the right thing. Poulsen & Lema (2017) conducted a
descriptive cross continental multi case study with formal interviews. They question if the supply
chain is ready to support the transformation to Renewable Energy Technology (RET) and conclude
that it is a barrier for offshore wind diffusion. Enhanced diffusion may be achieved through cross-
country collaboration, long-term investment commitments, and technology R&D. Varela-Vazquez et
al. (2019) approach the wind energy diffusion proposing a quantitative analytical framework to
estimate diffusion by identifying influencing factors from the literature. The list of factors is
comprehensive and grouped into natural factors, technology, policy, and market.

The risk with new technologies and limited research is related to investigations and decisions being
based on older outdated information. Tendencies of this phenomena are seen in an investigation by
Swedish Energy Agency (2022), where FOWT is covered but classified as an immature technology and
hence not considered fully in detail. The current low usage level is used to disqualify FOWT and the
potential of the technology is discussed, but we argue it is based on outdated limited information.
From a sustainability and renewable energy perspective it is important to understand that new
technology may be difficult to assess when policy decisions are made. It is critical for new
technology, such as FOWT, since the policy decisions are not easily revised. The result may be that
new innovative technology is excluded and its potential not fully explored.

[.2. Problem formulation and purpose

The dynamics between incumbents and supply chains are influenced when new technology is
introduced. Changes are a result from policies (barriers to enter), and demand (taste and
preferences). These changes make it interesting to study diffusion of new technology within the OWE
industry with a particular emphasis on FOWT.

Offshore Wind (OW) projects have a number of conditions that affect the technology to be used,
such as wind speed, distance to the electricity grid, sea depth, bottom conditions, ice formation,
salinity and wave height. In general, the production cost for Swedish Baltic Sea projects is lower than



for North Sea projects due to these conditions. New technology that enables better electricity
production through turbines with larger rotor diameters could reduce production costs for offshore
wind farms even more and thus in the long run also be able to compete with onshore wind power,
where FOWT is expected to have the greatest cost reduction potential over time (Swedish Energy
Agency, 2022).

The production cost for OW projects have until 2016 been over 100 EUR per MWh, but the trend is
now declining and is expected to continue to do so making OWE attractive. The level of interest rates,
yield requirements, commodity prices, technology development has argued to be dependent factors
and the main reason for the declining production cost trend. According to Swedish energy agency
(2022) the production cost for OWE development is expected to end up between 49 and 76 EUR per
MWh by the end of 2035 in the Baltic Sea, that is a reduction of 50%. If the current situation with low
interest rates and commaodity prices also prevails in 2030, even lower costs can be expected. On the
other hand, globalization can have a major impact on Sweden because countries with dynamic
correlations have been shown to influence each other in connection to crises in the Eurozone
(Mollah et al., 2016), which also became evident during this thesis. At the beginning of the year, the
forecast indicated that the interest rate would rise during the second half of 2024 (Sveriges Riksbank,
2022), having a negative effect on production costs. However, the latest forecast points to rising
interest rates earlier than expected, mainly due to Russia's invasion of Ukraine and rising inflation,
why it is estimated that energy prices are likely to remain high in the near future (Breman, 2022).

The cost support for OW power projects has been estimated at approximately 5-6 billion per TWh,
which is approximately four times more than what the electricity certificate system is expected to
cost (Swedish Energy Agency, 2022). However, an expansion of bottom-fixed or floating offshore
wind farms is expected to double the electrification certificate system in case the price of electricity
would decrease, which will make traditional onshore wind projects less attractive to build with
reduced cost support. Although the cost of OWT is expected to fall sharply, a larger expansion will
result in lower electricity prices while weighted revenues for wind power will fall sharply due to the
impact of the production on the hourly rate.

As the cost of FOWT is decreasing and further product innovation place the technology at an early
stages of market diffusion, industry competitiveness impacts the diffusion of the technology where
the complexity of government incentives and public opinion is identified as potential barriers (Davies
& Diaz-Rainey, 2011; Meyer, 2007; Petrova, 2016; Sovacool & Lakshmi, 2012; Wolsink, 2007). The
diffusion of OWT have been studied by numerous researchers and analytical frameworks are
proposed to predict diffusion (Poulsen & Lema, 2017; Varela-Vazquez et al., 2019), but we identify
that very few studies have been focusing on diffusion of new technology within the OWE industry in
Sweden, that provide an opportunity for new research with focus on FOWT. Literature show that UK
is an early adopter of FOWT and has a leading position in OWT (Vieira et al., 2019), followed by
Denmark and Norway (WindEurope, 2022), but there is a gap in diffusion of new technology in other
areas such as FOWT in Sweden and the Baltic Sea.



From the Swedish perspective, the absence of studies conducted on the offshore wind market
diffusion of new technology is clearly evident, particularly for FOWT. We identify a gap in the
literature focusing on the understanding of FOWT diffusion in Sweden and position our research
study in this area. Our study aims to understand the technology diffusion of FOWT in Sweden by
answering the following research questions:

RQ1: What are the challenges to the implementation of FOWT in Sweden?
RQ2: How will FOWT diffuse as a new technology in Sweden?

To answer the questions, the previous literature is used to identify potential secondary data sources
and stakeholders for semi-structured interviews from the Swedish OWE industry. From this we will
reveal underlying factors that have an impact on FOWT diffusion. Our approach is to use a qualitative
research design to analyze and build our findings and conclusions. Collection of quantitative data
may be relevant in terms of mapping already implemented or planned floating structures using
secondary data sources such as (WindEurope, 2022) and Swedish Energy Agency (2022). The
secondary data may complement the qualitative findings and triangulation of results (Ghauri et al.,
2020).

|.3. Delimitations

This study is conducted on a national level in Sweden on the OWE industry being the unit of analysis.
The study is limited to diffusion of new technology with focus on FOWT. The objective is to
understand how this specific FOWT is perceived by stakeholders in the industry value chain and to
get a broader view on how the industry reflects on the diffusion for this renewable energy source
that may be implemented in Sweden. This study includes a mix of stakeholders from the OWE
industry value chain, although the number of stakeholders is limited in number.

|.4. Thesis structure

In chapter 1 the focus has been to discuss the urge of reaching emission targets and to minimize
global warming and geopolitical issues related to energy independence. These phenomena highlight
the important role renewable technology, such as FOWT, diffusion plays in this challenging
transformation. In the next chapter 2 we explain the theoretical models for diffusion of technology
and combine it with theories of competitiveness to design our research and conceptualize findings in
the perspective of renewable energy. Similarities between diffusion and competitiveness are
discussed where a diffusion framework approach is refined for Swedish FOWT. In chapter 3 we
discuss and design our research approach including justification of sampling, data collection and
analysis. Chapter 4 detail results from the qualitative data collection following the chosen framework
for FOWT diffusion. Chapter 5 continues the analysis of the results on a higher level of abstraction to
identify themes from the collected and coded data. The qualitative analysis of the conducted
interviews prepares for final conclusions and answers for our research questions that are concluded
in chapter 6 followed by implication discussions and proposals for future research.



2. Previous literature and theoretical framework

The previous chapter elaborate on the mega trends driving RET development and diffusion. This
chapter continues with the identification of relevant theoretical frameworks for our research study.
We are searching the literature to find guidance to frame an approach relevant to our research
questions.

In our research for technology diffusion, we approach the topic from two parallel perspectives:
industry competitiveness and diffusion of technology. We identify similarities between both and
argue that factors from competitiveness theory may be used as good predictors to understand
diffusion and to create effective qualitative interview questions. This is in line with earlier studies by
Robertson & Gatignon (1986) arguing that competitive factors (Porter, 1998) may be used as
explanatory variables for technology diffusion studies (Rogers, 2003). Robertson & Gatignon (1986)
propose that competitiveness factors of supplier industry and competitive environment for potential
adopters are relevant for diffusion. High level of competitiveness (supplier and adopter) affect
diffusion positively. Lund (2007) also combines diffusion and competitiveness where he estimates
the total monetary public support to achieve a breakthrough for new RET. Lund is focusing on
learning curve effects, decision-making process and market penetration including price
competitiveness. A more competitive FOWT industry on a national level is likely to have a higher
level of technology diffusion than low level of competitiveness, and this is where the two theories
converge and complement each other.

This section of the report will elaborate on competitiveness and diffusion and the argumentation to
combine these two approaches to study FOWT diffusion. A simplified approach of a prior study
conducted by Fang et al. (2018), and their interpretation of Porter’s Diamond model will be used to
link competitiveness with the diffusion framework of Technology Acceptance Model (TAM),
summarized in Table 1. Even if the literature review outcome suggests that Profit from Innovation
(PF1) framework, with consideration to dynamic capabilities, would be a better alternative, our time
constraints make us to combine Porter’s Diamond model with TAM and Roger’s Innovation Diffusion
Theory (IDT) to approach our two research questions.

2.1. Competitiveness

Market structure and firm size has been the central focus on drivers of technological innovations
since Schumpeter? (Teece, 2006). The Marx-Schumpeter model for technological competition is well
used to study industrial dynamics, international trade and competitiveness (Fagerberg, 2005), which
leads to the approach of Porter’s Diamond model to assess competitiveness on different levels, from
international to national and narrowed down to company level competitiveness (Dogl & Holtbriigge,
2010). The Diamond model consists of four major components named (1) Factor condition, (2)
Demand condition, (3) Related and supporting industries and (4) Firm strategy, structure and rivalry.

2 Joseph Schumpeter (1883-1950), influential economist in the field of innovation, competition and the
concept of creative destruction (Swann, 2009).



Additional two accessorial and influential factors are government and chance (Porter, 1998) shown in
Figure 2.

Figure 2

Porter’s Diamond model for competitiveness
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Source: Adapted from Irfan et al. (2019)

Note. Demonstrating Porter’s Diamond model of competitiveness with four major influential factors and two
supporting factors. For RET and WT the chance factor can be related to technology Cibinskiene et al. (2021) and
Irfan et al. (2019).

Both quantitative and qualitative methods have been used to assess competitiveness within RET
according to the Porter’s Diamond model. Cibinskiene et al. (2021), Irfan et al. (2019), Q. Liu et al.
(2021) and Zhao et al. (2009) performed competitive assessments using the method of descriptive
qualitative analysis. Fang et al. (2018) and Zhang (2012) on the other hand used quantitative
methods to assess competitiveness. The level of competitiveness can be a contributing factor to
diffusion of technology and of interest to understand. As explained by Teece (2006), Porter’s
Diamond framework focus to strengthen the factors that enhance competitiveness e.g., a technology.
This follow the potential of FOWT diffusion since the primary purpose is to deploy the new
technology in areas where the competitiveness will become strongest to reach its potential. Teece
(2006) argue that a more accurate method could be to use the PFl framework with consideration to
dynamic capabilities and to include an array of factors from the industry ecosystem and recognize
the challenges associated to the new technology. However, we argue that Porter’s Diamond model is
an alternative route for diffusion studies when combined with IDT. The next part of the report
describes the Diamond model factors in Figure 2 that will be influential in our research study.

2.1.1. Factor conditions

Under factor conditions the availability of resources is the main contributing factor and for RET
resource it is not homogenous and largely depending on the geographical location and natural
capabilities. For wind energy the distance to feasible grid connection points becomes critical. RET has
a long Return on Investment (ROI) and the availability of capital plays an important role. This results



in the important availability of investments and incentive schemes from government. Under factor
conditions critical availability of skilled labor is also identified the for the specific new technology
(Cibinskiene et al., 2021; Fang et al., 2018; Porter, 1998).

2.1.2. Related and supported industries

Industries and services closely related to the specific RET will enhance the competitiveness and
reduce costs for implementation and hence support investments following diffusion of technology
(Fang et al., 2018; Porter, 1998).

2.1.3. Demand conditions

For RET policy incentives are strong demand drivers that is led by government to stimulate corporate
investments in the technology and to accelerate commercialization, i.e. diffusion. Market scale and
economies of scale will be a contributing factor for demand. For the customer or consumer, the price
is an important factor that influences demand and is denoted substitution cost. The current
environmental pressure and the technology’s capacity to reduce environmental pressure and
geopolitical energy dependency increases demand condition (Cibinskiene et al., 2021; Fang et al.,
2018; Porter, 1998).

2.1.4. Firm strategy, structure, and rivalry

The structure and management of Swedish RET firms and rivals’ performance affect the
competitiveness of the industry. Good management practice and enhanced competitiveness will
reduce technology cost and enhance quality. Enhanced rivalry stimulates innovation and adoption
following implementation of technology (Cibinskiene et al., 2021; Fang et al., 2018; Porter, 1998).

2.1.5. Supporting factors

In addition to the above main factors, government and chance are described as supporting factors to
competitiveness. Chance events are developments outside the control of the firm such as pure
inventions and breakthroughs in basic technologies (Porter, 1998) and price spikes, raw material, and
supply disruptions (Cibinskiene et al., 2021). The diamond model is originally developed for open
competitiveness and for RET the large contribution from government incentives justify government
being one of the main factors. For RET the chance factor is identified to be closely connected to
technology (Cibinskiene et al., 2021).



2.2. Innovation Diffusion Theory

One of the most common approaches to diffusion is the work developed by Rogers (2003) where he
identifies four key components for diffusion: innovation, communication channels, time and social
system. Further, the implementation of innovation is described by an innovation-decision process
conceptualized by Rogers into five stages named to: knowledge, persuasion, decision,
implementation, and confirmation. This process is visualized in Figure 3 below.

Figure 3

The Innovation-Decision Process of Innovation Diffusion Theory (IDT)
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Source: Adapted from Sahin (2006)

Identification of the diffusion S-curve (Rogers, 2003) or analyzing the diffusion rate derived from
factors that is expected to influence the diffusion of innovations (Hall, 2005), may help to understand
the stage of technology diffusion (Rogers, 2003; Sahin, 2006) and why technology such as FOWT has
low diffusion in Sweden. This approach would need data on actual FOWT diffusion, and a low
implementation stage will make the diffusion assessment based on secondary data difficult. The
previous is also in line with Geroski (2000) who review the literature by focusing on alternative
explanations of how a new technology will be adopted following implemented over time. Differences
between factors influencing diffusion may often explain the slowness of the diffusion and thereby
reveal the full costs and benefits received from the new technology that applies in different
environments and countries (Hall, 2005). The concept of learning curve, with a broader
understanding of the technology, often leads to improvements and adjustments to different
environments, that also contribute to an increased attractiveness for potential adoption and the
following implementation. The diffusion process is driven by the desire to minimize uncertainty
about the possible adoption and implementation of new technology, which depends on the
innovation-decisions (Rogers, 2003).

The following section will elaborate on Rogers’ innovation-decision process stages and identify
connections between IDT and TAM factors summarized in Table 1. The table summarize factors from
Porter’s Diamond model (brackets with one characters) and IDT (brackets with two characters).



2.2.1. Knowledge

In this stage, people become aware that innovation exists and at the same time have an idea of how
it works. Theories of innovation is suggesting using some kind of measurable indicator (Smith, 2005).
The decision to be taken is assumed to be related to the perceived technology level and diffusion of
skilled labor. The analysis made by Swedish energy agency (2022) shows that the number of jobs
created by an expansion of offshore wind power is uncertain but points out that approximately 10—
30 per cent of the labor is created in Sweden. In other words, it is highly probable that a large part of
the skilled labor is brought in from abroad to be able to implement and operate Swedish OW power
projects. This further connects to identified factors of IDT, Technology Level (TL), Skills and labor (SL).

2.2.2. Persuasion

In this stage, people perceive a positive or unfavorable attitude towards the innovation. The stage is
characterized by five characteristic attributes: (1) Relative advantage, (2) Compatibility, (3)
Complexity, (4) Trialability and (5) Observability. Communication in terms of grid connection costs,
location choices, distance to nearest network and other technicalities are argued to play an
important part within this stage (Fang et al., 2018). This further connects to identified factors of IDT,
Grids connection costs (GC), Location choice (LC), Distance to grid (DG).

2.2.3. Decision

People can either accept or reject to adopt the innovation. All things considered, what will other
people think? As explained by (Swann, 2009) “The value of consumption is not only a function of the
intrinsic characteristics of the product itself but depends also on the number of others who consume
the same product or service” (p. 82). This is the stage in which the network effects are assumed to be
highly evident. This further connects to identified factors of IDT, Network effects (NS).

2.2.4. Implementation

Implementation includes the step when the user puts the innovation into use. Until this stage the
process is more on a mental level and now the innovation is used in accordance with its purpose.
Benefits of collaboration may become important to overcome frictions (Swann, 2009), that may arise
in forms of criticism from the society. Implementation further connects to identified factors of IDT,
Not in my backyard (NY).

2.2.5. Confirmation

Within confirmation stage people evaluate and question the results of the innovation decision. Has
the use of the technology been satisfied and in line with the expectation? Benefits to adoptions and
the following implementation is often generalized to increase over time (Hall, 2005) and connects to
identified factor of IDT, Efficiency provided (EP).



2.3. Literature related to RET and Wind Energy

The next part discuss the previous work identified for RET from the perspective of competitiveness
and diffusion, with some special focus on wind energy.

2.3.1.Previous work using Diamond model on RET competitiveness

Numerous studies have recently been focusing on the RET industries competitiveness. The applied
research methodologies have been both qualitative (Cibinskiene et al., 2021; Irfan et al., 2019; J. Liu
et al., 2018; Zhao et al., 2009) and quantitative (Fang et al., 2018; Zhang, 2012) showing a favoring
tendency towards qualitative approaches. To research the competitiveness data are collected from
various resources using databases, company reports, surveys and interviews, both as primary and
secondary data. Opinions are exclusively collected from experts in the industry to understand the
opportunities and challenges the industries are facing. Industry and energy associations are seen as
effective resources for opinion collection (Cibinskiene et al., 2021), which is an important takeaway
for our study. The original Diamond model is modified in majority of the RET research studies to
include government and technology (chance) as the dominant factors as exemplified in Figure 2.
Government being a dominant factor is justified since the RET industry is not competing in open
competition and technology as chance has more than supportive function to the competitiveness
(Cibinskiene et al., 2021; Fang et al., 2018; Irfan et al., 2019; J. Liu et al., 2018; Zhao et al., 2009).
Following on this we argue that FOWT is a technology that have the potential of being an important
contributor to the OWE industry’s increased competitiveness, since it adds a new technology
solution to the existing technology domain. Previous RET studies are on both international (Fang et
al., 2018; Zhang, 2012) and national levels (Cibinskiene et al., 2021; Irfan et al., 2019; J. Liu et al.,
2018; Zhao et al., 2009). OWT is covered in these studies, but for our knowledge no studies have yet
been conducted specifically for Sweden and FOWT. This opens up an opportunity to research
diffusion of FOWT in Sweden and to fill a research gap.

Outcomes from previous research generally concede that government incentive initiatives have a
large impact on RET competitiveness, where a long-term commitment on technology support is seen
as necessary. This is an area that is important to cover in the research of new technology, such as in
our case for FOWT. Some researchers (Irfan et al., 2019; J. Liu et al., 2018; Zhang, 2012) point out
that the professional knowledge base is hindering RET industries competitiveness and is an
important take away for Swedish FOWT as the potential imitation from floating oil and gas platforms
is relatively absent in Sweden. Electricity grid stability and access (Fang et al., 2018; J. Liu et al., 2018)
are seen challenging for RET technologies, that are not as stable and homogenous in energy
production compared to currently used technologies such as nuclear power that are not dependent
of natural weather forces. On the same topic the use of new resources and locations challenge the
grid availability and competitiveness of OWT, becoming even more critical for FOWT due to longer
distance to shore than current bottom-fixed near shore OWT solutions.

2.3.2.Previous work on RET diffusion

It is argued that RET diffusion has been relatively slow and highly influenced by incentives and
policies from government and public institutions (Rao & Kishore, 2010). The authors argue the



reason being related to the high upfront investment cost, possibility to ease the energy dependency
by increasing the energy mix and independency from fossil energy sources, environmental impact
from implementation and social unwillingness to accept technology, i.e. NIMBY attitudes that is
further discussed under paragraph 2.4. As expected, it is concluded that the RET diffusion in general
terms follow the S-curve form influenced by diffusion factors and the actual situational context. RET
diffusion has been approached in several different ways such as technological substitution model
(Collantes, 2007), Learning, experience and learning curve (lbenholt, 2002; Isoard & Soria, 2001; Lund,
2007; Masini & Frankl, 2002; Neij, 1997), Epidemic diffusion (Lund, 2006), Roger’s diffusion (Peter et
al., 2002), and Bass diffusion (Purohit & Kandpal, 2005; Rao & Kishore, 2010). The below sections
(2.3.2.1 - 2.3.2.5) describe deeper the research approaches and outcomes to prepare for the
preparation of a framework for FOWT diffusion in Sweden and the study’s research design. The
previous diffusion research will also be an important source when conducting our analysis.

2.3.2.1. Epidemic diffusion and technological substitution

Collantes (2007) focus on qualitative research design to study the diffusion of new technology, fuel-
cell vehicles and hydrogen, where absence of historical data for similar technologies does not
facilitate the use and refinement of available existing diffusion models. Collantes elaborates on the
possibility to incorporate stakeholder’s opinions to estimate diffusion. The approach is to integrate
theoretical frameworks of epidemiological diffusion, characterized by logistic path, and technology
substitution patterns where new technology substitute previous older technology. The main drivers
for epidemiological diffusion are identified to learning and imitation. In the context of RET, it is
important to point out that the model does not consider any behavioral decision making, why it
excludes any influences from people influencing the technology diffusion. Technology substitution
considers effects from people where current technology is substituted by new technology. To
estimate the stakeholder’s substitution willingness the authors survey industry stakeholders (expert
opinions) that estimate the implementation year of the new technology. This is argued to give an
estimate of behavioral decision making. In the context of RET in Sweden and based on price the
competing energy technologies are in cost order: onshore wind, solar, offshore wind and nuclear
(SVT Rapport, 2022). Government may with policy incentives and with certain infrastructure
investments, such as electricity grid availability, alter this ranking. FOWT technology is identified to
have the same newness factor as the technology in Collantes (2007) study where a qualitative
research approach is preferred due to limited availability of quantitative data.

2.3.2.2. Learning, experience and learning curve

Lund (2007) argues that the large upfront investment needs for RET results in long (15-25 years)
payback times to reach a point where the energy return becomes attractive. As long as RET’s are
more expensive than traditional energy, public support is an important driver. He identifies the
improvement of RET competitiveness being a process of technology push and market pull,
alternatively that rising energy prices due to CO2 emission restrictions improve the price
competitiveness. To comment on this, it is important to remember that prior study is quite old and
development going forward which makes the price picture today completely different from then. The
high electricity prices that are seen will most likely also reduce this return period for the benefit of



investors. Lund (2007) uses financial models to estimate the total financial support needed for a new
RET. It is based on cost reduction from learning curve effects that are linked to the internal learning
process of technology use and economies of scale effects. Diffusion of technology follow the S-curve
that considers the decision-making process of technology adoption that later is followed by
implementation. The final step in his model is market penetration that is adjusted to price
competitiveness with other energy sources. The model estimates the monetary public support
required to reach a breakthrough for a new RET. It is argued that scale of investment is beyond the
capabilities of private sectors, connecting to the earlier Diamond model discussions to include
government as dominant factor due to the necessary public support. The author is considering the
people effects to be of catalytic character and important for RET technology diffusion. FOWT is not
included in this study as the technology at that time was not considered as an alternative for
offshore wind. We argue that at the time of the study the imitation possibility from offshore floating
oil technology was not yet identified and hence not considered for OWT.

It is argued by Ibenholt (2002) that utilization of wind energy is affected by different aerodynamic
conditions and different policy approaches. On the other hand, also in her research learning curve
effects, i.e., relationship between cost and accumulated production or capacity, are compared with
different policy measures determining why the cost have been reduced. The learning by doing effects
are exemplified with experience gained by individuals, improved functioning of organizations and
scale economies. Even though resource conditions, such as wind aerodynamic, and government
influences via policies are important diffusion contributors, learning effects are important to cover as
well. Policies may appear as a universal solution, but it need to be pointed out that the positive
effect of enhancing competition leading to cost reduction, may at the extreme of too extensive
competition hinder diffusion. Isoard & Soria (2001) summarize that the improvements resulted by
experimentation, implementation, and R&D in production in combination with economic policies and
opportunities actually represent the learning curve concept. For FOWT, that is a new technology, the
learning curve effects may become a positive contributor but on the contrary difficult to estimate.

Based on photovoltaics (solar) and wind energy studies it is concluded that cost difference between
non-renewables is main cause for the lack of competitiveness and technology diffusion (Masini &
Frankl, 2002). On the other hand, costs are identified to decrease more rapidly for renewables than
for non-renewables with increasing cumulative production and learning effects (Masini & Frankl,
2002; Neij, 1997). Even though the above findings are from a RET technology perspective based on
relative old studies, the authors argue that the effect of scale and learning effects for new technology
in general stands as a universal phenomenon that are generally covered within the managerial
economics domain (Keat et al., 2014).

2.3.2.3. Epidemic diffusion

Lund (2006) analyze new energy technologies by modelling actual market data to a mathematic
epidemic diffusion model and estimating parameters to describe the diffusion. Parameters are
related to diffusion penetration rate and influenced by factors such as; profitability, investment size,
proportion of technology already adopted, characteristics and decision making of users, technology
specific characteristics and macro-economic context. Specifically, for RET the author argues on



spread of information (knowledge), cost and risk, public support in form of financing and
standardization, industry size effect, and attitude formation factors being the most prominent for
diffusion penetration rates. Quantitative data demonstrate high penetration rates for wind
associated with public support. Other new technology diffusion suggest that high diffusion rates may
be reached when technology has reached sufficient maturity and have competitive prices. Even
though quantitative data is not easily available for Swedish FOWT an important takeaway is the
importance of public support, also called NIMBY attitude (2.4).

2.3.2.4. Roger’s diffusion / adoption approach

Peter et al. (2002) approach the RET diffusion using the adoption/rejection model and innovation
decision theory (IDT) model developed by Rogers (2003). It is assumed that the more knowledge is
generated the more likely a technology is adopted. The decision model is described by a process
where every stage is influenced by communication via different channels between different sources.
Formal and informal social and business networks and news media can influence affective, cognitive,
and behavioral aspects. The latter has been observed when studying interorganizational links on co-
operative relationships and innovation (Goes & Park, 1997). The adoption and acceptance of RET
depends on different social, technological, and economical factors that can be beneficial to study to
find drivers and constrained for RET. The circulation of information is found to be a vital component
in RET diffusion. Familiarity, part of a cognitive state, plays an important role when approaching new
technology in the sense that non-familiar technology is depending on higher-quality information
relative to familiar technologies (Peter et al., 2002). Sovacool & Lakshmi (2012) apply the qualitative
study approach to renewable energy and develops a series of qualitative factors related to
acceptance of technology. The most influential factors are identified to: financial and government led
initiatives, reduction of investment costs and circulation of information. The identified importance of
communication in the diffusion process and collection of knowledge is a vital component for new
technology such as FOWT.

2.3.2.5. Bass diffusion

Purohit & Kandpal (2005) approach diffusion of RET focusing on Bass diffusion theory predicting the
future levels of a specific RET. This is combined with the assessment of required investments and
learning effects, where unit cost is decreasing with experience and capital cost is decreasing with
increasing RET diffusion. From the reviewed RET diffusion studies, it is concluded that the
commercialization of RET may be grouped into stages of R&D, demonstration and pilot production of
energy. The latter two stages are closely related to knowledge and communication, similar to IDT.
Further into the diffusion process learning curve effects (learning by doing) and returns to scale are
significant for wind energy (Rao & Kishore, 2010). This in mind, FOWT diffusion may have relevant
challenges benefiting from pilot production and the estimation of learning effects.

2.3.2.6. Concluding remarks on RET diffusion

A common topic for the above reviewed diffusion studies is the identified important value of
communication, information and identified learning curve effects with following cost reduction.
These are important takeaways for the design of our study. From the Swedish perspective, the



absence of studies conducted on the offshore wind market diffusion of new technology is clearly
evident, particularly for FOWT. We identify a gap in the literature focusing on the understanding of
FOWT diffusion in Sweden and position our research study in this area.

2.4. Communication channels, network effects and knowledge

The previously identified importance of communication, network and knowledge makes it evident to
have a closer look at the possible effects on diffusion. As explained by Ahuja et al. (2008), networks
and cluster effects may facilitate the diffusion of technology within a given industry. The theoretical
value derived from a network can be estimated and exemplified by the three laws of Sarnoff’s,
Metcalfe’s, and Reed’s (Swann, 2009) where the number of users relate to the exponential value
achieved from the network. In theory the value of the network increases with more users of the
network (i.e. the more FOWT that is implemented and commissioned), but since the technology is
relatively new, and our time for this study is limited, we have chosen to save this as a proposal for
future research. Network externalities are argued to have an important role in diffusion of FOWT in
Sweden, but it is also assumed to be very much influenced by policy incentives due to the Swedish
government is identified to be both the potential customer (Regeringskansliet, 2022) and the
legislator in the market.

Knowledge and acceptance are argued to be closely related and the acceptance of renewable energy
is identified to be complex. Sovacool & Lakshmi (2012) argue that acceptance originate from three
main levels: socio-political, market and community. Community acceptance are the most specific and
on a local level very persuasive. Implementation and installation of new renewable energy
technology, such as wind energy, is generally high on the international agenda, but on a more local
level the resistance to install wind parks may be met with reluctance from nearby residents. The
resistance is often referred to as NIMBY:ism, i.e. Not In My Backyard. Petrova (2016) elaborates on
the NIMBY attitude and argue that with right tools and procedures it is possible to minimize attitudes
and convert community attitudes to support and accept new wind installations in a higher degree.
This is not trivial, but more knowledge about the attitudes will improve the diffusion of wind energy
installations. Wolsink (2007) similarly elaborate on the acceptance resistance and argue that there
may be a misunderstanding for the resistance since public attitude studies may not differentiate
between attitudes against wind power as an energy resource and on the other hand attitude related
to the actual wind farms, that tend to diverge. Wind power is generally approached positively,
whereas wind farms have negative impact due to visual interference. We argue that technologies
making it possible to install wind power at areas that minimize the visual disruption, will be in a good
position to exhibit successful diffusion. FOWT is identified as a candidate for such a technology.

2.5. Technology acceptance model (TAM)

Technology acceptance model (TAM) was developed to study decisive factors for the widespread
acceptance of computers and previous studies have been verified in other areas of technology, such
as telecommunication technology (Hu et al., 1999). TAM has also been applied in other research
areas in order to describe interactive learning environments (Al-Rahmi et al., 2021), where special
focus lies on factors such as: perceived usefulness (PAU), perceived ease of use (PEU), attitude



towards using (ATU), and behavioral intention to use (BIU). The characteristics of the technology
should be measurable with consideration to relative advantage, compatibility, complexity,
experimental and observability, to base acceptance in the decision processes (Jahangir & Begum,
2008; Yuen et al., 2021). This approach has similarities with earlier discussed IDT approach.

We suggest using the concept of TAM in combination with IDT to explain how new technology is
perceived to be used in the OWE industry with a particular focus on the challenges related to the
implementation of FOWT in Sweden and how FOWT may diffuse as a new technology. An
understanding of user adoption following implementation within this industry is necessary to
promote new technology and renewable energy sources for the future. We search for the
understanding by collecting qualitative data from experts that allow us to frame critical factors, such
as users subjective attitude and behavioral intention of impact. A simplified utilization of prior study
conducted by Fang et al. (2018), and their interpretation of Porter’s Diamond model will be used to
add Sweden’s competitiveness to the framework of TAM. Even if the literature review outcome
suggests that PFI framework, with consideration to dynamic capabilities (such as cospecialized assets)
would be a better alternative (Teece, 2006), we conduct our study based on a combined theory
approach. By using Porter's Diamond model with TAM and IDT, we approach the research questions
in @ more structured and controlled way, more in line with our time constraints. The combined
theory approach is discussed more in details in below section 2.6.

Our literature study reveals already identified and reviewed factors from Porter’s Diamond model,
that have an impact on the OWE industry competitiveness (Cibinskiene et al., 2021; Fang et al., 2018;
Irfan et al., 2019; J. Liu et al., 2018). TAM is argued to be a good fit to capture the drivers and
constrains for FOWT diffusion. However, the model is perceived mainly to be used in the information
technology industry (Hu et al., 1999), but on the other hand, it has also been applied in industries
such as the autonomous vehicle industry (Yuen et al., 2021), and learning environments (Al-Rahmi et
al., 2021). Therefore, we adjust TAM by including additional well-defined factors from Porter’s
Diamond model and combine them with IDT to approach our research questions related to FOWT
diffusion in Sweden. We search to find the main constrains for FOWT implementation and how
FOWT will diffuse by identifying categories related to TAM framework presented in Figure 4.



Figure 4

TAM - Approach to technology diffusion of FOWT in Sweden

Perceived e/dentified factors
Usefulness (R), (C), (GC), (LC),
(PAU) (EP), (DG)

Perceived e/dentified factors
Ease of (M), (S), (E), (P), (TL),
Use (PEU) (SL), (NS)

Attitude e/dentified fctors (A),
(ATU) (NY)

Source: Adapted from Jahangir & Begum (2008) and Yuen et al. (2021)

The squared (dark blue) boxes summarize a combined approach to competitiveness and diffusion
factors for FOWT from Table 1. Each of the three TAM categories (PAU, PEU and ATU) are
constructed by identified factors, which then are being analyzed to find different themes that have
an impact on the behavioral intention to use (BIU) FOWT in Sweden.

Aggregation of child to parent coding using identified framework for FOWT diffusion is illustrated in
Appendix 8.6, and summary of NVivo word analysis with following coding and initial themes can be
seen in Appendix 8.7. The selected TAM approach and how it will used as theoretical framework is
further described in methodology chapter 3. The following section explain how competitiveness and
diffusion are used in our research.



2.6. Combined theoretical approach

The theoretical approach in this study is threefold, exemplified in Figure 5, where the main
theoretical areas are (1) Porter’s Diamond model for competitiveness from which interview
questions are developed, (2) TAM related to acceptance of technology and to behavioral intention to
use technology and hence implementation of technology and (3) Roger’s IDT with focus on
innovation-decision process to identify current diffusion stage and how FOWT will diffuse in Sweden.

Figure 5

Porter’s Diamond — TAM — IDT combined framework

Porter’s Diamond model is used as guidance to frame and construct
interview questions. The identified areas will be used for question
preparations.

Porter's
Dimond

Porter’s Diamond categories and TAM is combined according to
TAM Table 1. This link competitiveness factors with diffusion theory in
order to establish the behavioral intention to use FOWT in Sweden.
Challenges to implementation of FOWT are identified.
IDT . . .
IDT is applied to develop broader understandings for current FOWT
diffusion stage and how FOWT will diffuse in Sweden.

2.6.1. Porter’s Diamond model for question identification

First, we highlight main factors for FOWT in Sweden in accordance with Porter’s Diamond model
based on competitiveness. The approach focusses on other studies based on non FOWT, i.e. bottom-
fixed OWT (Fang et al., 2018) and we confirm important competitiveness factors that are used to
establish diffusion conditions and questions related to OWT in Sweden. Interview questions are
defined from this framework.

2.6.2. TAM and behavioral intention to identify implementation topics

Secondly, as shown and summarized in Figure 5, we further categorize the collected data for FOWT
by using the framework of TAM, that allows us to identify themes. We argue that TAM’s framework
enables us to identify how key challenges relate to FOWT diffusion. This approach is used to develop
a deeper understanding, and to map the behavioral intention to use FOWT in Sweden that reveal the
challenges for implementation and allow us further to identify how FOWT will diffuse in Sweden. The
latter is analyzed in combination with IDT described below.



2.6.3. IDT and innovation-decision process

Once the behavioral intention has been established via TAM, we evaluate the current diffusion stage
and future diffusion by addressing IDT.

TAM and IDT will enable us to approach the research questions and contribute to implications for
OWE industry and further future research, that can help the implementation of FOWT and reduce
potential lack of energy resources in Sweden. The process of data analysis will be based on
qualitative textual analysis from stakeholder insights which will be rationalized for in the next
chapter 3.



Table |

The integration of TAM, IDT and Porter’s Diamond model

TAM categories

Perceived
Usefulness (PAU)

Diamond and IDT factors

Resource (R)

Description
Resource shortages with an emphasis on energy and environmental problems have always meant great challenges for society
(Fang et al., 2018)

Capital (C) Supporting capital is essential (Fang et al., 2018), and investments should be compared to other solutions within the industry.
Grids connection costs Longer distance to transformation station and connection costs to renewable energy can impact the desirable investment
(GC) environment for new projects (Fang et al., 2018).

Location choice (LC)

Geographical locations and natural conditions are central to being able to even decide whether to invest or not (Cibinskiene et al.,
2021; Fang et al., 2018).

Efficiency provided (EP)

Economies of scale are considered a key dimension in the renewable energy industry, where the ratio between CAPEX / MW has
shown to have an impact on investment decisions (Vieira et al., 2019).

Distance to grid (DG)

It is assumed that the costs increase the longer the distance to the transformation station and connection to the power grid.
These costs should therefore also include other possibilities such as interconnectors to other countries to improve the overall
global CO2 emissions (Fang et al., 2018).

Perceived Ease of

Market scale (M)

The amount of wind energy in relation to the prospects for other renewable energy sources in Sweden is considered significant.

Use (PEU) Studies have shown that market capacity greatly affects energy prices (Fang et al., 2018).

Substitution costs (S) Consequently, if costs are lower, or if extracted energy is much higher for substitutes, this ratio should influence investors to
choose differently by considering another renewable source or technology (Fang et al., 2018).

Environmental pressure In alleviating environmental pressure (European Commission, 2018; European Parliament, 2009), renewable energy and

(E) environmental capacity is strongly associated with energy capabilities and consumption (Fang et al., 2018).

Policy incentives (P) Policies is assumed to facilitate this green transformation. Whereby clean energy tax incentives, renewable energy standards,
feed-in tariffs, and government procurement of green bonds is essential for investments in new renewable energy sources (Fang
et al., 2018). The wider the coverage of investment from political incentives, the higher is the priority of the renewable energy.

Technology level (TL) The complexity and technology challenge of implementing FOWT is depending on skilled labor with capacity, knowledge and
experience (Fang et al., 2018).

Skills and labor (SL) The labor force is an important source to consider and affect the wealth of a country. Skilled labor costs are recognized as a key
factor by (Cibinskiene et al., 2021).

Network effects (NS) It is argued by (Teece, 2006) which emphasizes that network effects are necessary to achieve increased returns as well as to
facilitate early and significant investments required to establish a new standard (or dominant design) accepted in the market.

Attitude (ATU) Attractiveness of Based on performance for macro stability, prioritization of renewable energy, bankability for renewable energy and project

investment (A)

attractiveness in different countries can play an important role in investing (Fang et al., 2018). The higher the macro stability, the
more attractive the FOWT is to investors.

Not in my backyard (NY)

Community acceptance and local resistance of renewable wind energy has been argued to have an impact on the investment
decisions (Petrova, 2016).

Note. Diamond factors are defined with only one character while IDT factors are defined with two characters, both in parentheses.
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3. Methodology

In the previous chapter we elaborate on the theoretical and empirical perspectives of
competitiveness and diffusion. This was followed by a step where appropriate models for our
research study were identified, summarized, and interview themes identified from previous
literature and theoretical frameworks. The following chapter describes how our research is designed,
method chosen, and data collected to answer our research questions. Deciding on and collecting
appropriate data and getting quality responses is essential to reach good quality in our research and
will be determined by our choices about what data we collect and how we do it (Easterby-Smith et
al., 2015; Ghauri et al., 2020).

3.1. Research design

The research design will frame the research activity and strategy including data collection and
analysis to answer the research questions (Easterby-Smith et al., 2015; Ghauri et al., 2020). To find
proper research design suitable for our study we examined prior studies, through our literature
review, that reveal the use of different approaches and techniques to research competitiveness and
diffusion. Our research is qualitative based on Swedish OWT where the chosen approach matches
qualitative studies’ nature of being more loosely specified and offering opportunities for a holistic
approach focusing on creativity and enabling theory building (Easterby-Smith et al., 2015). In
gualitative research the objective is often to understand a specific phenomenon, where choice of
data and how to collect them is strongly influenced of the data possibilities. New technology may
have limited access to secondary data due to the fact being new and therefore historical data being
limited (Collantes, 2007). By choosing qualitative method we assume in line with Merriam (1995)
that reality is multidimensional and ever-changing. Flexibility by all means, but qualitative method
approach may be challenging for researchers not having experience in this field (Ghauri et al., 2020;
Morse et al., 2002) and on top the fact that an engineering background tend to mean a personality
type more comfortable with quantitative methodology (Hosseini, 2021). Despite these challenges
qualitative method is chosen and argued to be a good way to approach research for this type of new
technology.

We choose explorative research which is based on existing knowledge and essential for future
research and to facilitate the right incubation conditions (Ghauri et al., 2020). This study’s incubation
period started at the research proposal stage and has developed up to the data analysis stage. The
research is semi-structured to accommodate a deductive approach to help understand constraints
and driving forces from existing theoretical frameworks, which thereby enables us to address the
research questions. Based on literature review and existing theory (Porter's Diamond Model & TAM),
predefined categories are identified that relate to deductive research. Deductive reasoning allows
experts to motivate their answers from semi-structured interview questions, based on
predetermined framework (Ghauri et al., 2020). Stakeholder reflections, personal attitudes and
values is argued to be important in data analysis, allowing the researcher to gain considerable insight
into the situation being examined (Easterby-Smith et al., 2015).
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3.2. Data collection

The level of analysis in this study is the Swedish OWE industry. Sample as interviewees includes
stakeholders within the OWE industry value chain. We search for the understanding by collecting
qualitative data from the wind energy industry stakeholders with in-depth knowledge (experts), in
line with prior study by Cibinskiene et al., (2021). This approach will allow us to identify critical
diffusion factors such as users subjective attitude and behavioral intention of impact, being part of
TAM. The choice of stakeholders is spread over the industry value chain, with the intention to
facilitate multiple stakeholder perspectives. The study is evidently limited due to time constraints
related to the master's thesis, which reflects the number of interviewees included in the population
and limits the aggregation of data. The selection of data reflects the approach of ‘convenience
sampling’ and how easily accessible sample units are. Since our knowledge about the industry and
contacts is somehow limited, snowball sampling is included that facilitate the possibility to identify
additional valuable stakeholders in the industry (Easterby-Smith et al., 2015; Ghauri et al., 2020). The
latter includes recommendation from our initial interviewees of others who could be feasible
contributors in this study (Easterby-Smith et al., 2015). We identify the approach being a justified
method as the OWE industry is a niche market and with relatively close networks.

In the case of new technology, historical quantitative data may be difficult to find making primary
data sources a natural choice. As explained in the background to research section, FOWT is relatively
new technology in the OWT market, which could explain why there is limited quantitative data hard
to obtain. The method is mainly based on primary textual data obtained via qualitative interviews
using email, but also from scientific material or published reports as secondary data (e.g. authorities).
In order to generalize and gather an industry expert's common view of the main research problem,
the interview questions are based on themes and areas identified in previous research. They have
been developed based on contextual purposes in relation to all stakeholders' position in the value
chain for the wind energy industry. The development of the interview questions went through a
process of refinement influenced by the literature study incubation period and the gained knowledge
during this process. Initially the interview questions were designed according to theory from the
literature study summarized in Table 1. These initial questions were then adjusted and adapted to
consider stakeholders within the OWT industry value chain. This research study was initially
influenced by grounded theory during the preparation for the interview questions using the steps
identified by Easterby-Smith et al. (2015) to gain deeper insights. The study has since developed and
applied a theoretical-based framework definition of categories and codes using a thematic analysis
approach exemplified in Table 6. The iterative process of knowledge gathering, and theoretical
learning contributed to development of the interview material into its final version.

An interview introduction and information sheet are developed according to the structure presented
by Morris (2018a, 2018b), and is presented in detail in Appendices 8.1-8.2. These makes it easier to
develop a clear structure in the research interview, where the relation to the research topic and the
research questions are obtained. The central for interviews is to receive the information needed to
answer the research questions and the interview is fundamentally structured to achieve this. The
final interview was designed using the steps presented in Table 2.
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Table 2

Guidance preparing the interview

1) | Proper student introduction, including reference to LinkedIn profiles, and references to BTH contacts
making it possibly to verify our research study

2) | The purpose of the interview to be clearly stated

3) | Clarify the importance of the research study

4) | Communicate the process of the interview and how it is structured

5) | A “signed” consent from the interviewee will be necessary to proceed

6) | Clarify that the consent can be withdrawn at any time without any reasons

7) | Inform the interviewee that changes are allowed afterward, but limited to a deadline, and that follow up

clarifications may be conducted

Note. This guide takes influences from the qualitative interview work prepared by Morris (2018a, 2018b)

Our study introduction and information sheet are built to in general terms describe the aim of this
study and how we will process and report the collected interviewee data. It covers our identified
main themes for diffusion of new technology in the OWE industry with a clear focus on sustainability
and our two research questions. The interview questions follow a logical progress that is strongly
related to stakeholders’ experiences in their position in the value chain, followed by their opinions,
feelings, and factual knowledge of the subject. We are humble and well-aware that the interviewees
may perceive different interpretations of the questions, which is covered by inviting the interviewees
to motivate their answer as detailed as possible. In order to make the interviewee feel comfortable
and to answer the interview questions as motivated as possible, the interviews were conducted by e-
mail together with a clear study introduction. According to Morris (2018a), this type of interview
approach is relatively cost-effective and has many strengths compared to other approaches. As
explained by Morris, it is important that the interviewee has total trust in the interviewer and that
the information given will be held anonymous and confidential. Even if it has been argued that
interviews should be conducted face-to-face to get a sense of the interviewee and respond to non-
verbal cues, its disadvantages are the time-cost and possible time zone problem in conducting the
interactive interviews. Digital interview technology can mitigate cost and bridge distance, and the
researchers’ fulltime job commitment favors the convenience of e-mail interviewing. Obtaining as
much data as possible in relation to our time constrains and with some regard to the environmental
impact of travelling, has been of central guidance in the choice of interview method. We argue that
in the current job climate the flexibility of e-mail and webforms, and being anonymous, may benefit
our data collection and response rate. On the other hand, commitment may be harder to get just by
e-mail interview, although this may be resolved with short and kind follow-up, also as telephone calls.
The email interview is designed to include redirected nature, meaning that an invitation link takes
the interviewee to an interview page that allow open-ended answers. We argue that this approach
promotes participation and has the potential to increase the response rate quality, since webforms
tend to be easier to access on phones and tabloids, than Word-files. Contact is initiated with the
interviewees by presenting ourselves and explaining the purpose of our study.
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The interviewees are kindly asked if they want to help and take part of our research study to learn
more about diffusion of FOWT within the OWE industry. The first contact is via direct email, LinkedIn
InMail, telephone call or direct contact, although all will receive the same formal information sheet
(Appendix 8.2). Survey type of research should be considered successful if a 30-40% response rate is
achieved and our approach using e-mail contacting technique is closely related to this (Ghauri et al.,
2020). We should assume an acceptance rate of this magnitude.

As qualitative data collection much depends on the quality of the interview questions, we approach
the interviewee using two languages, Swedish and English. The reason is that the quality of the study
is based on the stakeholders fully understanding the questions and encouraging to elaboration. This
approach is argued to make the interviewees feel more comfortable, but also to reduce the fraction
of non-responses. Since many businesses are international even a native Swede may prefer
answering in English using industry terminology. On the other hand, it places higher demand on
translation and equal interpretation of the primary data.

The data collection was conducted during three weeks at end of March and beginning of April. The
initial interview duration varied from 15 to 35 minutes as given in Table 5. Some interviewees
required more time for follow-up than others to respond and some of the stakeholders also required
communication by telephone. The involved communication makes this research approach more of
an interview character than a survey. It is also important to mention that the largest part of the data
collected consisted of Swedish answers, translated into English. To get a fair translation both authors
reviewed the final translations. Not everyone was completely familiar with the subject, even though
they are part of the value chain, which also indicates that the technology is relatively new in relation
to substitute alternatives.

3.2.1.Stakeholder responses

The challenge with the study turned out to be to identify and get stakeholders to collaborate
answering the interview questions, government stakeholders in particularly. On the other hand, this
risk was already identified at the literature study stage due to the newness of the technology.

However, by engaging with wind energy associations, we got support contacting stakeholders that
was positive to contribute to this study. The interviewees are divided into a structure of wind power
industry value chain given in Table 3, that is influenced by the industry structure used by Liu et al.
(2018). The value chain is adjusted into categories to illustrate the distribution of collected data in
the value chain. The value chain stakeholder categories give an extra level of transparency to the
interviewee characteristics.
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Table 3

Wind power stakeholder structure

Structure and data collection of the wind power industry value chain Stakeholder
category
Government Policies /Regulations /Incentives /... A
U Raw material Steel /Rare earth metals /Copper wire /...
stFr)eam Components Cable /Blade /Tower /Blade bearing /... B
Wind turbine Horizontal axis wind turbine /Vertical axis wind turbine /...
Mid- Wind farm, Planning /Design /Construction /Operation / c
stream Grid Grid-connection /...
Down- . . . .
stream End users Residents /Large-scale industry /Businesses /Agriculture /... D

As summarized in Table 4, our main focus is on mid-stream stakeholders, precisely because these are
argued to have the best experience and knowledge about decision processes related to offshore
wind technology (Cibinskiene et al., 2021).

Table 4

Stakeholder composition

St:akteelézlger Number of requests sent out Number of interviewees Per centage agreement
A 5 1 20%
B 2 2 100 %
C 17 6 35%
D 4 2 50 %
Tot 28 11 39%

A large part of the non-responses is explained by this type of questions and analysis may put
business secrecy? at risk, and possibly lead to uncomprehensive answers or no participation. Public
authorities being part of government stakeholder category had in general a reluctant attitude to
respond and is argued to originate from their connection to government. We identify this to their
wish to act neutral and follow the course of government and avoid any conflicting opinions. Only one
stakeholder could be included from this category. However, of the eleven stakeholders who agreed
to participate, our assessment is that these provide sufficient coverage to generate feasible results to
support a thematic analysis on which to base our conclusion. A participation rate of 39% is
acceptable for survey influenced interviews as argued in paragraph 3.2 Data collection, and a resent
master’s thesis conducting qualitative interviews based their study on six interviewees (Akesson &
Zenk Conte, 2021). We conclude that our number of interviewees are in line what may be expected
for this type of interview study. For thematic analysis it is not possible to give a specific
recommendation of interviewees and the optimal amount depends on the aim and quality of data
(Graneheim et al., 2017). The interview quality includes both short and concise answers, but also

3 Technical and business information that is not known by the public.
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longer elaborative descriptive answers. Details of the interviewed stakeholders are given in Table 5.

The interviewees have long experience of the industry and roles with good insight in industry

activities.

Table 5

List of interviewees

Stakeholder | Description Organization Indu.s try Date Time
experience
Al Administrator Governmental agency > 10 years 2022-03-30 30 min
B1 Sr Project Manager Component manufacturer > 10 years 2022-04-05 20 min
B2 Top Manager Component manufacturer > 10 years 2022-04-13 15 min
C1 Top Manager Developer of FOWT > 10 years 2022-03-29 35 min
C2 Communicator Industry association > 10 years 2022-03-25 20 min
c3 CEO Offshore Wind Power 5-10years 2022-04-05 25 min
c4 Consultant OWE industry > 10 years 2022-03-31 15 min
C5 Consulting lawyer OWE industry > 10 years 2022-04-06 15 min
c6 ﬁﬂcat::ggsn:;t Wind farms >10years | 20220408 | 30min
D1 Project Manager Offshore Wind Power > 10 years 2022-03-30 20 min
D2 Business Manager Municipality < 5years 2022-03-24 15 min

3.3. Data analysis/measurement

In this study we use NVivo, which is a computer-assisted software (QSR International, 2022). The

advantage of using software is making the data coding more efficient and enhance transparency of

the coding process, that in the end will improve the trustworthiness of the study (Ghauri et al., 2020).
Core elements in this study are the insights gained when analyzing textual data through an

interactive hermeneutics process in understanding from explanation to interpretation. These insights
provide a basis to evaluate the realm of empirical data corresponding with theoretical and empirical
frameworks. As explained by Easterby-Smith et al. (2015), theoretical frameworks are essential in
order to reduce the complexity and facilitate research. We have identified three main categories
according to TAM, and several factors from Porter’s Diamond model and IDT. Porter’s Diamond
model framework help us to identify question areas and TAM respectively IDT facilitates the
connection to diffusion.

Our analysis is based on thematic analysis with deductive approach that has been of help developing
the study and analyzing the interviews. The general procedure of thematic analysis can be seen in
below Table 6.
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Table 6

Phases of thematic analysis

No. | Phase Description

Reading and re-reading where it is important to clearly state whose point

1 Familiarization Lo . .
of view is expressed and the relationship to the study

Open coding creates a link to overwhelming data and summarizes

2 | Open Coding interesting features

Discover patterns by comparing codes and organizing them into themes

3 |S hing for th .
carching for themes to develop a deeper understanding

Review of themes allows for a more in-depth analysis of what is

4 | Focused review of themes . .
considered important

5 Naming themes Continuing analysis and creation of the overall story the analysis tell

Final opportunity for analysis of selected themes relating back to the

6 Report preparation . . .
port prep research questions and previous literature

Source: Adapted from Braun & Clarke (2006)

Thematic analysis and grounded analysis are easy to confuse by misunderstanding the distinct
guidelines (Braun & Clarke, 2006; Cho & Lee, 2014). From the beginning, we assumed to adapt
grounded analysis based on achieving new theory. Later it became evident that the potential for the
method is not adapted to generate middle-range theories. Hence, we chose to proceed with
thematic analysis based on already existing theoretical frameworks. This approach yields a set of
prioritized categories based on combined theory (Porter’s Diamond model, TAM and IDT), instead of
developing new theory from identified relationships between codes and categories (Cho & Lee,
2014). The strengths related to thematic analysis is that the method provides through interpretation
an increased understanding of social interpretation of data, allows processing of large amounts of
data, and may highlight similarities and differences for the data. On the other hand, the weaknesses
of thematic analysis are that the approach is rather labor-intensive and time-consuming paralyzing
the researchers, mainly due to the lack of established analysis procedures which can contribute to
confusion for unexperienced researchers.

3.3.1.Text analysis and coding

Coding for each TAM category is aggregated from the underlying child categories exemplified in
Appendix 8.6. Themes from interviews are identifying using qualitative NVivo text analysis in
combination with manual summaries to further understand, identify and elaborate on our research
question: What are the challenges to the implementation of FOWT in Sweden? The findings and
outcomes from the analysis is finally connected to diffusion IDT framework to answer our research
guestions: How will FOWT diffuse as a new technology in Sweden? The diffusion stage for FOWT is
identified and future diffusion path elaborated on. Detailed results from NVivo are presented in
tables and figures in Appendix 8.6 and an aggregated manual summary in Appendix 8.7.

The first set of NVivo analyses were made separately on each of the three TAM categories in Figure 4.
The following step was to combine to an overall top-level analysis (Appendix 8.6 and Appendix 8.7)
that includes all three TAM categories and stakeholders within the value chain, following the
framework in Figure 4. The results show that the interviewees are particular interested in
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themes/factors that are argued to be critical for implementing FOWT in Sweden. The critical factors
are grouped down to seven main themes, highlighted in Table 7 below.

Table 7

Word analysis themes

FOWT — word analysis

e Area, location
e Process

e |Interests

e Cooperation
e Armed forces
e Acceptance

e Environment

The performed overall qualitative analysis is the basis for our following identification of FOWT
implementation challenges (5.1) and to identify the FOWT diffusion stage and possible future
diffusion development (5.2).

3.4. Validity, reliability and trustworthiness

The aim is to achieve well elaborated answers resulting in conclusions that answer our research
guestions. Using e-mail interview may be challenging to receive elaborated answers but using people
engaged in industry organizations and development of the new FOWT, we reach people having
insight to the topic facilitating elaborative answers. Being aware of this challenge in the planning
phase and interviewee recruitment brings an extra level of trustworthiness (Graneheim et al., 2017).
The interviewees’ level of experience is argued to be at an advance level due to their seniority based
on their current roles describe in Table 5. We also communicate clearly in our guide that elaborative
answers are of importance due to the qualitative nature of the study (text analysis). A minimum of
two interviewees from each stakeholder category was aimed to be included, but for the government
category only one stakeholder could be included. As mentioned in the literature study, previous
research shows that political incentives are an important factor in studying new technology. Since
only one government stakeholder gave consent and took time to reply on our interview questions, it
is fair to question the validity of category A stakeholder feedback. On the other hand, this single
stakeholder turned out to be well versed and answered our questions detailed and was very
elaborative in expression. Due to this, our assessment is that this compensates for having only one
interviewee in category A. Focusing on representative citations help to prioritize the interviewees
feedback and ideas over our interpretations, that enhance the trustworthiness of the study
(Graneheim et al., 2017). Being two researchers that interpret the data and search to find consensus
in the analysis add an extra level of trustworthiness to the analysis.

This study focuses on a specific technology in a niche market with specific resources that challenges
the external validity of the study. External validity is explained to be about the generalizability of
results beyond the focal study (Easterby-Smith et al., 2015) “The extent to which the findings of a
study can be applied to other situations refers to the question of external validity, or generalizability”
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(Merriam, 1995, p. 57). Even though applicability to other technologies may be questionable,
generalization to other cases, i.e. countries, is argued to have potential and gives openings for
further research. To increase the reliability of our study, we compare our results with other studies
and reports published by research institutes in the selected area for offshore wind turbines with
focus on FOWT. We therefore conclude our results by comparing with previous results published by
Vindval* and WREN®.

3.4.1.Ethical considerations

Easterby-Smith et al. (2015) and Ghauri et al. (2020) point out the important dimension of ethics,
since values and moral principles influence the way research activities are designed. When
conducting research, we as researchers have the responsibility to openly and honestly detail
weaknesses in our study and people involved in the study’s data collection phase shall not be caused
by any kind of disadvantage nor harm. In our interview study, it is clear for our interviewees that they
are part of a study, how data are collected, stored and reported. To get open and honest responses
details of interviewees will be kept anonymous, where the process is described to build on trust. The
aim of the study is communicated via the introductory part of the interview. Reporting results
objectively and honestly is important part of ethics (Easterby-Smith et al., 2015). Several factors may
influence how research are conducted such as company interests and researchers’ own interests.
This study is free from any commercial business interest and is purely conducted to contribute to the
understanding of FOWT diffusion and RET research. The authors of this study are declared to be
independent from company influences and free from personal interest influencing the research
outcome. One of the authors have connections to the up-stream component manufacturing within
the OWE industry, but since we are two authors this is considered to have limited influence on the
study’s outcome. The anonymity of the interviewees is concluded to be at a high level, where the
interviewee may potentially identify themselves, but hardly any other interviewees. The anonymity is
high on the agenda and considered carefully to be fulfilled, promoting further studies in the same
area and potentially with the same interviewees or with the same organizations. The study is
covering a technology that is new and attention need to be put on any possible interview bias
resulting from secrecy and/or business strategy issues where not all ideas and thoughts can be fully
elaborated on. This further point out the importance to approach results critically, why scientific
research papers are used as references and as secondary sources to triangulate results.

4 Research program on the impact of wind power on people, nature and the environment, where the program
is a collaboration between the Swedish Energy Agency and the Swedish Environmental Protection Agency.

> An international collaboration to promote global understanding of potential environmental effects of wind
power, where twelve countries are involved in cooperation, which was established in 2012 by the International
Energy Agency (IEA) Wind.
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4. Empirical findings

This chapter present stakeholder interview results in a structured overviewing way with the
behavioral intention to use (BIU) FOWT in Sweden. The structure will be at an overall level applying
the framework and themes of TAM, in Figure 4. Data is based on the stakeholders' responses to our
questions, that originates and are linked to factors embedded in TAM, Table 1. Further analysis of
the results will be presented in chapter 5, where TAM framework is used to identify challenges to
implementation and IDT is used to elaborate on the diffusion of FOWT.

4.1. Perceived Usefulness (PAU)

Perceived usefulness is one of three basic stones in TAM that refers to consumers’ perceptions
regarding the outcome of the experience (Jahangir & Begum, 2008). It is defined as the individual’s
perceptions of some improved performance by using the new technology. In our case, all individual
stakeholders in the presented OWE industry value chain (A-D), in contact with the technology are
defined as customers in regular relationship to each other. Perceived usefulness is seen as a
determinant of actual behavior to use new technology and diffusion of FOWT in Sweden. Our
argument is supported by prior research (Jahangir & Begum, 2008), that demonstrate the effects of
perceived usefulness that is determining the adoption of new technology, and hence diffusion.

Assessment of how much the interviewees provided input in relation to the identified and underlying
factors are determined by the amount of text provided for each question. The relative percentage is
based on the whole interview and analyzed using NVivo®. The following section summarizes
quantitatively the responses to each category and gives information of which areas are most
elaborated on and by that argued to be most interesting.

4.1.1. Government — Category A

From the authority’s perspective, much emphasis is placed on trying to convey insight into the choice
of location for wind turbines that is evident from the summary in Table 8.

Table 8

PAU - Percentage coverage government

Factors Al
Resource (R) 3.6
Capital (C) 4.5
Grids connection costs (GC) 12.2
Location choice (LC) 14.9
Efficiency provided (EP) 0.3
Distance to grid (DG) 11.5

6 See example of NVivo output for coding percentage in Appendix 8.5.

30



The choice of location is a crucial question of whether wind power can be considered sustainable. In
the rural environment, there are probably limited conditions for expansion on a large scale in
southern Sweden, while conditions in northern Sweden are better.

Interviewee “Al1” said: "l see that wind power far out to sea and in deep water generally constitutes
less disruption in terms of the Swedish Environmental Protection Agency's interests, where floating
wind turbines can be an important technology." Shallow offshore waters are not suitable for wind
power as they generally have high biological values. Some migratory bird tracks over the sea (often
where the distance is short between land masses) can also mean problems and species protection
rules and may limit the possibility of wind power there. These statements are important indicators
that bottom-fixed OWT and FOWT have relatively different environmental impact.

4.1.2. Upstream — Category B

Stakeholders in the components industry believe that the cost increase for service and maintenance
can be a contributing factor that makes it difficult to choose a location for offshore wind turbines,
seen as GC in Table 9. Interviewee “B1” express this as “to find competences within engineering,
production and simulations”. This is also seen for interviewee “B1” as high percentage related to the
investment and capital need (C). Positive factors related to location are although identified by both:
interviewee “B1”: “less public resistance” and interviewee “B2”: “Full expansion near land justifies
wind power further from land”.

Table 9

PAU - Percentage coding coverage upstream

Factors B1 B2
Resource (R) 7.7 4.8
Capital (C) 9.3 1.7
Grids connection costs (GC) 6.4 6.3
Location choice (LC) 7.0 6.4
Efficiency provided (EP) 2.1 1.2

4.1.3. Midstream — Category C

Stakeholders in midstream category are united in their approach to FOWT, and that improved
communication regarding technical limitations and advantages needs to be communicated to a
greater extent, highlighted Capital (C) in Table 10.

If the technology will be accepted in Sweden, the possibilities for diffusion are good as long as
investors are prepared to take the technical risk originating from a longer distance. The latter also
means more sensitive electricity networks and longer service times for troubleshooting.
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Table 10

PAU - Percentage coverage midstream

Factors Cc1 C2 C3 (o3 C5 cé
Resource (R) 12.1 14.7 7.3 1.6 5.3 6.9
Capital (C) 24.7 2.1 5.1 14.9 29.1 8.5
Grids connection costs (GC) 10.0 8.0 43 10.5 3.5 5.0
Location choice (LC) 4.1 8.9 17.9 1.9 3.8 8.5
Efficiency provided (EP) 5.3 2.0 8.4 1.0 3.4 3.5
Distance to grid (DG) 9.7 5.4 0.6 1.1 2.9 10.2

It has been considered that turbine manufacturers must cope with the exponential increase in
production (incl. land-based and bottom-fixed wind power), that requires large-scale expansion of

the various main grids on land. Today's electricity grids are in many areas limited and strongly
substantiated, which may also limit the economies of scale. Interviewee “C1” indicate this as: “Large-
scale is a requirement to be able to spread risks and cover costs for expensive electricity connections.”
and interviewee “C2” follows: “The production cost for floating offshore wind (FOWT) is still twice as
high as for offshore wind (OWT) with solid foundations”. “C2” argues that scale effects can decrease
the cost difference between the two technologies.

4.1.4. Downstream — Category D

Stakeholders in downstream show a clear focus on the for-profit aspects based on Resource (R),
Capital (C), Grid connection cost (GC) and Location choice (LC), Table 11. Interviewee “D1”
elaborates on this topic: “If a higher wind resource or more cost-effective aspect can be achieved
over a longer distance, the FOWT projects can also be justified.” Interviewee “D2” makes it clear that
access to resource is critical: “Dialogue with the Armed Forces and the County Administrative Board.
Go / no go. Everything depends on them.”

Table 11

PAU - Percentage coverage downstream

Factors D1 D2
Resource (R) 3.0 7.6
Capital (C) 8.5 0.7
Grids connection costs (GC) 7.1 0.7
Location choice (LC) 7.5 4.5
Efficiency provided (EP) 5.6 3.1
Distance to grid (DG) 5.9 1.9

It is understood from the interviews that floating foundations for wind turbines open up for
alternative areas and locations where bottom-fixed foundations do not work. However, in a market
such as Sweden, with the lack of supporting systems (government incentives) for specific
technologies, cost development needs to come down to competitive levels. The need for electricity
will drive government incentives and following cost development, alternatively because rising
electricity prices justify more expensive investments.
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4.2. Perceived Ease of Use (PEU)

The PEU relates to the level of complexity and consumers' perception of the effort to learn to use a
new technology (Jahangir & Begum, 2008). In this case, FOWT may be perceived as complicated in
relation to other OWT or other substitutes for renewable energy sources. The broader understanding
of the usability of the technology can affect customers' intentions to adopt and implement new
products or services. This leads to a review of FOWT's perceived user-friendliness, based on the
customer's experience on technical and user-related aspects.

4.2.1. Government — Category A

Offshore wind power further out to sea and in deep water generally constitutes less disturbance in
terms of environmental interests, where FOWT is an important technology. This is one of several
reasons why the Swedish Environmental Protection Agency together with the Swedish Energy
Agency, the Swedish Marine and Water Agency, the Swedish Armed Forces and others, are
considering a revision of the offshore plans to review the possibility of favoring the conditions for
FOWT, i.e. policy incentives (P) in Table 12.

Table 12

PEU - Percentage coverage government

Factors Al
Market scale (M) 0.2
Substitution costs (S) 2.5
Environmental pressure (E) 0.9
Policy incentives (P) 15.5
Technology level (TL) 7.1
Skills and labor (SL) 3.6
Network effects (NS) 0.8

Interviewee “Al1” is clear on the need to focus on policies and collaboration: “It is only through
collaboration that involves participants with societal interests at various political and administrative
levels that we can achieve the shift required towards a 100 percent renewable electricity production
by the year 2040.” Interestingly the network effects are identified important, but the discussions of
their effect are kept moderate. In some cases, companies need to become better at preparing the
necessary basic documentation for environmental assessments to avoid the risk of delaying the
permit processes. The latter is argued to relate to training and knowledge i.e., learning, within the
area of regulation.

4.2.2. Upstream — Category B

It can be challenging to find the right skills in technology, production, simulation and provide
acceptable service times. The competence development usually requires investment in time and
becomes a challenge for the industry and its organizations. Already established suppliers with
competence in technology may therefore have a strong position in the market of FOWT, possibly
with first mover influences if other favorable conditions are in place. In summary the interviewees
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elaborate in most of the factors with some exception on market scale (M) and substitution cost (S),
Table 13.

Interviewees identify the technology as new, where interviewee “B1” express opinions related to
other countries “Swedish industry seems to generally be behind in wind power development.” and is
critical about the area development procedures in Sweden proposing new routines “Authorities in
Sweden can prepare all permits for a dedicated area and offer it to several developer as the current
auctions in UK.“. Interviewee “B2” similarly acknowledge the technology being new by indicating
lack of knowledge for Sweden “No knowledge, great potential abroad, e.g. France.” and interviewee
“B1” on the same topic “We are primarily involved in expansions abroad.”. The current
macroeconomic situation is a positively contributing factor for OWT indicated by interviewee “B1”
“The energy market as such has impacted positively the offshore wind power projects and with the
current price level and lack of energy it will continue to grow.”

Table I3

PEU - Percentage coverage upstream

Factors B1 B2
Market scale (M) 4.3 49
Substitution costs (S) 2.9 6.5
Environmental pressure (E) 9.5 1.2
Policy incentives (P) 8.0 6.7
Technology level (TL) 2.9 124
Skills and labor (SL) 7.7 4.8
Network effects (NS) 6.4 8.3

4.2.3. Midstream — Category C

A breakdown of the individual answers gives a relatively scattered picture, Table 14, although some
common themes are identified.

Table 14

PEU - Percentage coverage midstream

Factors C1 Cc2 C3 (o3 C5 C6
Market scale (M) 3.7 15.5 2.1 1.1 2.1 7.9
Substitution costs (S) 3.7 2.7 6.1 1.1 6.1 3.0
Environmental pressure (E) 0.4 3.7 5.8 5.4 5.8 5.4
Policy incentives (P) 2.4 5.2 3.8 4.8 3.8 11.7
Technology level (TL) 1.5 7.0 7.8 8.0 7.8 2.3
Skills and labor (SL) 3.0 0.1 0 0 0 6.9
Network effects (NS) 3.0 4.1 2.8 4.8 2.8 41

The experts argue that experience from the cost reductions that bottom-fixed OWT has achieved
during the last ten years will benefit FOWT as well since there still are differences, interviewee “C2”:
“The production cost for floating offshore wind is still twice as high as for offshore wind with solid
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foundations. Covering that difference is what determines whether floating offshore wind power
(FOWT) will be developed.”. An expanded subsidy system does not necessarily have to be the answer
for the FOWT to pick up speed, but rather a public understanding of technology’s impact, the
environment and the price society has to pay in the form of a higher electricity price. However, some
stakeholders argue that subsidies still are crucial, and that it is impossible to project, install and put a
floating wind farm into operation (implementation) without subsidies/incentives.

A transparent permit process is clearly recurring, where few stakeholders believe that it is needed
due to factors such as environmental obstacles, oppositions from the Swedish Armed Forces and that
the Swedish electricity grid need expansion to meet the future electricity demand. Interviewee “C6”
is generally critical about self-interest and hence lack of cooperation that can stop FOWT project:

The Armed Forces' interests in the marine environment and their possibility to reject the
permit process is crucial. Likewise, authorities that make decisions should also weigh the
benefits to society in a larger sense. That a municipality wants to say no due to the
destruction of views for its citizens is an argument that does not hold for the country
Sweden. (Interviewee “C6”)

Similarly, interviewee “C1” argues “the usual nature considerations biological variety” is a challenge
for FOWT and cooperation issues “Important with the consensus of everyone involved”. Interviewee
“C2” point out the same topic “the attitude to finding coexistence solutions with for example, fishing
and defense Swedish armed forces.”.

Interviewee “C6” is clear about the need to find new ways to develop wind park areas and
the importance to collaborate:

If the state could point out some areas and say that there is a X MW electricity connection
available to build a park, several actors could cooperate and develop such areas with wind
power collectively. It often stops because there are so many actors with different wills that
must consider an authority perspective, but what is good for the country Sweden is the most
important thing. (Interviewee “C6”)

The approach to development is identified to be scattered and need cooperative measures.

4.2.4. Downstream- Category D

For the downstream interviewees the environmental pressure (E) and policy incentives (P) take
precedence, Table 15. All investments in new electricity production are more or less dependent on
political incentives. As it is a long-term and large investment, clear and fair rules are required. The
lack of clear future FOWT prospects is reflecting ROl requirements from investors. All projects and
areas have their challenges and must be tested for permits on a case-by-case basis, that often
becomes challenging when it comes to the Swedish Armed Force, environmental values, the fishing
industry and local residents. From an investment perspective, more efficient permit processes are
required to reduce the time until new electricity production is made possible. Interviewee “D1” is
critical to current incentive systems “In a market like Sweden with a shortage support system for
specific technologies, cost development must come down to competitive levels." and
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interviewee “D2” criticize and point out the importance of policies “this big issue with global
warming, big benefits must take precedence over small ones. Better to save a globe than the view
from a local farm”. Part of this statement also relate to attitude that is discussed in the next section.

Table I5

PEU - Percentage coverage downstream

Factors D1 D2
Market scale (M) 14.0 0.8
Substitution costs (S) 2.8 6.0
Environmental pressure (E) 7.8 11.3
Policy incentives (P) 4.1 16.3
Technology level (TL) 9.9 5.4
Skills and labor (SL) 0 7.6
Network effects (NS) 2.0 6.8

43. Attitude (ATU)

As elaborated in chapter 3, TAM builds on attitude being the driving force for attributes and
consumer benefit which is based on the prominent notions and consequences of a given behavior
(Jahangir & Begum, 2008). Attitude is thus the overall behavior (positive and negative) of the
attribute perception, which is the basis for evaluation and its consequences. In this case, attitude
becomes evident based on the stakeholders' responses, that is argued to have an impact on the
behavioral intention to use FOWT.

4.3.1. Government — Category A

The main arguments from government’s perspective are that Sweden already has a very high rate of
change towards renewable energy production with a very high rate of expansion of wind power. The
trend is expected to continue and the forecast for Swedish offshore wind power investments looks
promising. Further large-scale expansion both for investment on land and near shore involves a more
complicated process related to municipalities’ right to veto. Adding the pressure from residents,
known as not in my backyard (NIMBY) activities, complicates non FOWT related projects.
Interviewee “Al1” explains that these acceptance difficulties can lower the attractiveness and
development for these non-FOWT projects: “Identifying areas with a low degree of conflict early in
the process is therefore of great importance.” Table 16 summarizes the response coverage from
government authority.

Table 16

ATU - Percentage coverage government

Factors Al
Attractiveness of investment (A) 5.5
Not in my backyard (NY) 7.7
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4.3.2. Upstream — Category B

The interview responses from upstream stakeholders have contrary answer coverage shown in Table
17 below. Looking at the interviewee's answers more in detail reveal that there is a consensus
between the interviewee “B1”: “everyone wants to have but not here” and interviewee "B2”: “most
likely have a large impact” related to society's acceptance and local opinion for the choice of wind
turbine location having a clear impact on wind power projects. The upstream stakeholders’ have
achieved insight into society's acceptance and local opinion through long experience and
collaboration with downstream stakeholders within wind power projects.

Table 17

ATU - Percentage coverage upstream

Factors B1 B2
Attractiveness of investment (A) 10.6 2.1
Not in my backyard (NY) 2.7 6.5

The general perspective from interviewee “B1” is that attractiveness of investments can be obtained
by a clearer framework with shorter lead times for area access and permit approval for investment
projects in wind power development.

4.3.3. Midstream — Category C

With regards to macro-stability and prioritization of renewable energy, offshore wind turbines in
Sweden is concluded be attractive from an investment perspective. On the other hand, the ‘not in
my backyard (NY) factor takes precedence among the interviewees, presented in Table 18 below.

Table 18

ATU - Percentage coverage midstream

Factors c1 Cc2 c3 ca c5 C6
Attractiveness of investment (A) 6.8 3.7 3.1 5.3 6.2 4.6
Not in my backyard (NY) 1.7 5.6 5.5 9.4 4.2 7.5

Interviewee “C1” believes that floating wind turbines further out to sea are necessary for Sweden to
meet its environmental goals and the increased use of electricity. Further, interviewee “C3”
highlights important measures to increase the attractiveness of wind power projects (FOWT), that
are based on reducing the LCOE’. Using the same measure of LCOE would make it comparable with
other wind power technologies, and to highlight the benefits of coexistence with other energy
sources. On the other hand, interviewee “C5” points out that the lack of energy in society is a
contributing factor for the current demand for renewable energy.

Interviewee “C4” believes that more designated areas and faster permit processes are required for
more investment projects to be implemented and thereby facilitate for a larger expansion of wind

’LCOE = Levelized Cost of Electricity
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turbines to be established in Sweden. Interviewee “C6” explains his view on attractiveness by
highlighting the problems with the permit processes and what (s)he wants to achieve by changing
the processes: "That it was clearer from the beginning that a project can get off, now large amounts
of capital are needed to investigate a lot of things without knowing that you get a permit or
electricity connection."

Society's acceptance and local opinion against the choice of location for wind turbines is an
important factor, where it is important to have a consensus of everyone involved. Interviewee “C3”
believes that the industry has itself to blame as the work against public opinion has been
unorganized from many industry stakeholders. However, interviewee “C6” elaborated even more
and describes his own thoughts on acceptance issues: "I think society will probably like offshore wind
power if the nuclear lobbyists bury their hatchet and lobbying for their "new "nuclear power, that
only affects negatively against wind power and other energy sources.".

4.3.4. Downstream — Category D

For the downstream interviewees the attractiveness of FOWT lies in the cost reduction trend and
achieving better acceptance from citizens when wind parks are further out to sea out of everyday
sight. The percentage coverage from the interviews is in favor to ‘attractiveness of investment (A)’
although the NIMBY (NY) factor is discussed for in the attractiveness factor (A). Table 19 summarizes
the coding coverage of each factor.

Table 19

ATU - Percentage coverage downstream

Factors D1 D2
Attractiveness of investment (A) 9.6 7.4
Not in my backyard (NY) 5.9 4.1

Interviewee “D1” believes that the cost development for offshore wind power is beginning to come
in line with what the market is prepared to pay for electricity. However, the entire development risk
and later the regulatory risk as well as the electricity price risk lies still with the investors.
Interviewee “D2” argues that the decision basis in the permit process in most cases is relatively poor
and argues that the municipality requires a better information basis for the project to be seen as
attractive. Interviewee “D2” exemplifies: "Clarify the effect per turbine / household, cf. the new
large German project.". This is confirmed to some extent by interviewee “D1” that elaborate
similarly: "The more clarity the more attractive the projects become.". (S)he also believes that
projects for near land in municipal water tend to be rejected by the municipal veto. Change is often
met by initial resistance, why securing local projects is of the utmost importance, whereupon floating
wind turbines further out at sea can be advantageous despite a greater investment cost.
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5.  Analysis

In the previous chapter the interview results were summarized in the form of percentage coverage of
interviewees’ responses based on competitiveness (Porter’s Dimond model) and diffusion (IDT)
factors. This chapter further focus on the analysis of the results based on the framework presented

in Figure 3 and Figure 4 with focus on FOWT implementation challenges and diffusion of FOWT.
Qualitative text analyzes are conducted using NVivo software in parallel with manual coding and
identification of themes and trends on a higher abstraction level than in chapter 4.

5.1. Challenges related to implementation of FOWT

In this study we are researching the challenges for implementation of the new FOWT. The
implementation stage is the process where FOWT is put into practice, described by the IDT model. As
previously identified, the technology is new to Sweden and wind power stakeholders’ qualitative
feedback is used to identify challenges to implementation, based on factors from TAM framework
and Porter’s Diamond model.

Majority of the interviewees elaborate on similar challenges, and it is concluded that all factors are
dependent on each other. We analyze identified challenges in relation to each sub-heading in
accordance with TAM and present them in summary tables at the end of each section. These
summaries give an easy overview of the analysis.

5.1.1. Perceived usefulness (PAU)

In this section the analysis focus on how the stakeholders collectively describe challenges and
perceive the usefulness of FOWT. The included six factors are both from Porter’s Diamond model and
IDT as categorized in Table 1.

As previously stated in section 4.1, the challenges within the industry may vary depending on the
stakeholder and the position in the value chain. From the government perspective, the identified
challenges connected to PAU is the environmental relationship to permits approvals for different
location choices. Permit processes for location choice is identified as very crucial with regard to
preserving nature conservation and biodiversity. This finding is in line with Malafry & Ohman (2022)
that identify living species can be affected differently during the service life of the wind farm. Their
report supports the location choice being critical and a common reason for rejection is the proximity
to Natura 2000 areas and defense interests. According to Fang et al. (2018) renewable energy
resources are determined in principle by geographical locations, which is demonstrably consistent
with the data collected from the interviewees. On the other hand, midstream stakeholders express
their dissatisfaction with the processes for permit approval of wind power investments. The
dissatisfaction is highlighted by the problem of long waiting times and complicated processes before
a permit can be granted. Even though government stakeholders are explaining the value of FOWT
further out at sea, midstream stakeholders argues that other difficulties will arise in form of
increased investment costs but also for higher costs related to future troubleshooting, service and
maintenance.
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Wind power establishments planned within Sweden's territorial waters, (approx. 22 km from the
baseline), must be approved by municipalities. On the other hand, if the establishment is planned
outside the territorial border (but still within Sweden's economic zone), the government issues
permits (Malafry & Ohman, 2022). The FOWT wind farm is mostly covered by government permits
although municipalities are affected by supporting infrastructure development. According to input
from upstream stakeholders, the Swedish model for permit processes differs from other European
countries. For example, UK prepare all the necessary permits needed for an area to be explored and
then offer to several developers or investors by auction. UK is argued to be one of the most
competitive countries in the world within OWT (Cibinskiene et al., 2021; Vieira et al., 2019),
whereupon this process can be a contributing factor to why Sweden has challenges related to
implementation of FOWT. However, Malafry & Ohman (2022) claims that EU law takes precedence
over Swedish law, whereupon EU® law issues are of importance and affect permits for wind power in
Sweden.

Downstream stakeholder estimates that the financial resources and willingness to invest are well
met. On the other hand, midstream stakeholders believe that the FOWT may need to be certified for
wind power financiers to be able to accept the higher risk connected to the technology in relation to
traditional bottom-fixed offshore wind turbines. Experts mean that technology certification of FOWT
would in this case facilitate the perceived usefulness of the technology and thereby increase the
willingness for investments of FOWT in Sweden. This statement can be referred to a previous study
(Fang et al., 2018), where public efficiency standards is argued to be important from an investment
perspective. However, it is also important to enlighten other perspectives such as the manufacturers’
need to cope with the increase of production costs. This is supported by midstream stakeholders
who argue that the production cost for FOWT is still twice as high as for OWT with bottom-fixed
foundations. Covering these cost differences is followed by a higher risk premium, in which
technology certification (i.e. proof on efficiency provided) could facilitate implementation of FOWT in
Sweden.

Downstream stakeholders explains that if proof of a higher wind resources or more cost-effective
aspects can be achieved through longer distances, this can motivate the investment project. This is
supported by midstream stakeholders who explaining that it is not the distance to land, but the
availability of good wind condition locations on deeper waters that can accelerate implementation of
FOWT in Sweden. Upstream stakeholders also conclude that there are challenges with longer
distances further out at sea, due to that the technology still have constraints that needs to be taken
into consideration. This is supported by midstream stakeholders that highlight the very same
challenges. Interviewee “B1”, raise the fact that maximum effective distance for HVAC is limited to
approximately 100 km, which becomes challenging and needs to be considered. Longer distances
further out at sea may therefore need large compensation equipment where the alternative is HVDC
cables. However, HVDC has according to interviewee “B1” higher cost due to the need of floating
converter stations which is constantly improved and developed. Underlying factors such as
submarine cables can be assumed to have a local impact, where Malafry & Ohman (2022)

& Here two EU directives are central to licensing (92/43 / EEC of 21 May 1992, and 2009/147 / EC of 30
November 2009), where both address the purpose of protecting species and biodiversity in the EU.
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emphasizes the importance of an overall assessment based on the local conditions prior to a possible
wind power project establishment.

According to midstream stakeholders, resources in the form of managing large expansions of the
various main energy grids is a challenge, because they have over time been neglected in Sweden.
This is supported by upstream stakeholders who elaborate that full expansion of the grids near land
may justify floating wind power further out at sea. Resources and efficiency in grid development are
also addressed in the study by Fang et al. (2018), that argue this being a contributing factor for a
country's OWT competitiveness. Midstream stakeholder further elaborates that longer distance to
grids will be attractive in cases where less costly bottom-fixed foundations can’t be built. The grid
connection costs are challenging according to midstream stakeholders, which are in line with Fang et
al. (2018) and J. Liu et al. (2018) who found that stability and improved electricity grids are a vital
element in order to take advantage of growing volumes of renewable energy. As discovered by Fang
et al. (2018), other countries such as Germany constantly reduce the improper performance between
resource areas and load centers to reach flexibility towards long distances. It is therefore not unlikely
that Sweden’s future expansion of interconnection with nearby European grids may facilitate and
increase implementation of FOWT. The above analysis is summarized in Table 20 below.

Table 20

Challenges related to perceived usefulness of FOWT

Factors Identified challenges
Resources (R) Ensure good wind conditions
Capital (C) Higher risk premium, production costs

Grids connection costs (GC) | Neglected expansion of grids

Permit processes, species protection rules, preserving nature conservation and

Location choice (LC) biodiversity

Efficiency standards, lack of technology certificate, limited grids and scale

Efficiency provided (EP) effects

Higher costs, sensitive electricity networks and longer service times for

Distance to grid (GD) troubleshooting

Identified challenges for FOWT implementation arising from PAU category are argued to be related
to higher risk premium for investors in comparison to bottom-fixed OWT, but also limited scale
effects due to undermined grids and support infrastructure. Inefficient processes with long decision
times for permits and location choices are also the basis for why stakeholders in the OWE industry
find OWT and FOWT challenging.

5.1.2. Perceived ease of use (PEU)

In this section, the analysis focuses on how the stakeholders collectively describe challenges related
to perceived ease of FOWT use.

The analysis indicates that collaboration within the value chain is the basis for today’s challenges in
the Swedish OWE industry. As mentioned in chapter 2, Swann (2009) explain that benefits of
collaboration may become important to overcome frictions in decision processes for implementing
new technologies. Transparency and more efficient permit processes are therefore important to
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avoid the risk of delaying the implementation of FOWT in Sweden. This is confirmed by Malafry &
Ohman (2022), who claims that the permit process preceding the establishment of offshore wind
power is usually very time consuming and can take up to several years before a decision is made. The
authors also conclude that there are many parallel factors that must be considered and tested in
several different cases and contexts following formal routines. This highlights the central importance
of the investment and being active early in the process, facilitating initial assessment both from a
legal point of view and from an environmental aspect before the project continues.

The analysis also show that the level of knowledge seems to differ between decisionmakers, which
indicates that Sweden's learning curve and knowledge level related to FOWT can be considered in an
evolving stage. Although the technology is relatively new and still at an early stage of diffusion, our
analysis suggests that the general level of knowledge is for some instances somewhat undermined
and hence may affect PEU. This analysis is valid for the decisionmakers in general but may differ from
the OWE industry value chain. As theories suggest a measurable indicator of innovation (Smith,
2005), it would not be inconceivable that technology and PEU could be measured on the basis of
experiences from other countries that have already implemented FOWT. However, in this case it
should be done with caution, and in relation to infrastructure and other support functions that may
differ between Sweden and other countries affecting PEU. Upstream stakeholders argue that the
Swedish industry seems to generally be behind in wind power development, that may be due to lack
of knowledge, policy incentives, processes and routines. The experts believe that the challenges lie in
conveying a general understanding of the impact of technology, the environment and the price that
society has to pay (i.e. in the form of a higher electricity price).

All investments in new electricity production are somewhat dependent on political incentives, where
the environmental pressure and policy incentives take precedence. The environmental pressure is a
recurring factor, which is seen as an advantage for expansion of FOWT in Sweden. This argument is
strongly supported by prior background research, where Sweden's high climate goals presuppose
more renewable energy sources, that also includes the expansion of wind turbines. On the other
hand, the lack of fair and clear rules is one reason why investors show their dissatisfaction. As an
alternative, the result can be that new technology is excluded as alternative and its potential not fully
explored when deciding on policy. However, prolonged and inefficient permit processes are seen as a
major challenge in the OWE industry in Sweden. FOWT prospects reflect ROl requirements from
investors where all projects and areas have their challenges, that often becomes challenging in terms
of the Armed Forces, environmental factors, bird tracks, the fishing industry and local residents. As
factor condition explains, RET has a long ROl and the availability of capital plays an important role.
For specific systems such as FOWT, price and cost development in Sweden are also seen as
challenging. If the currently low subsidy level for wind turbines is maintained, some investors believe
that it is impossible to design, install and operate a floating wind farm. These are the activities that
are closely related to implementation. To conclude the analysis, opposition from the Swedish Armed
Forces is largely the reason why an improvement of the permit processes is considered so important,
where the need to find new ways to develop wind farms and cooperation is a major challenge for the
implementation of FOWT in Sweden. According to Gill & Hein (2022), in the context of offshore wind
development, the Common Environmental Affects Framework (CEAF) could provide a toolbox for
identifying baselines and establish suitable geographical areas where it makes sense to build FOWT.
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The CEAF approach is developed by the North Seas Energy Cooperation (NSEC), with purpose to
enhance offshore renewable energy development. The NSEC currently comprises 11 countries, all of
which apply the Cumulative Effects Analyses (CEA) evaluation process and can according to Gill &
Hein (2022) thus be perceived as a standardized method for determining impact, identifying the
most appropriate geographical scope for assessment and determining the size of the environmental
impact. Even if the Swedish authorities introduce CEA as a proactive measure and allocate areas
suitable for FOWT, there is a risk that the implementation will have the opposite effect. Large
amounts of specific data are needed to be able to implement a CEA approach, and based on data
from stakeholders, Sweden would risk falling behind by implementing additional processes. So even
though Gill & Hein (2022) highlights that data availability and quality remain central as an effort to
improve international collaboration against offshore wind power, we identify that dialogue and
cooperation are key factors for the Swedish FOWT implementation and diffusion. The above analysis
is summarized in Table 21 for a convenient overview.

Table 21

Challenges related to perceived ease of FOWT use

Factors Identified challenges

Market scale (M) ROI requirements, prices and cost development

Substitution costs (S) Higher costs for bottom-fixed wind turbines

Environmental pressure (E) | Environmental values, bird tracks, the fishing industry and local residents
Policy incentives (P) Unfair rules, inefficient permit processes, Swedish Armed Forces, subsidy
Technology level (TL) General understanding of the impact of technology

Skills and labor (SL) Level of knowledge

Network effects (NS) Collaboration and cooperation

The identified challenges for FOWT implementation arising from PEU category are argued to be
related to collaboration issues between investors and government agencies, but also inefficient
permit processes and general understanding of the impact of the technology for decision-makers.
We therefore argue that stakeholders are turning these challenges into barriers, which in turn has an
impact on PEU.

5.1.3. Attitude (ATU)

The TAM category attitude includes only two focus factors from Porter’s Dimond model and IDT,
respectively. A more detailed description is summarized in Table 1, chapter 2. This part of the
analysis is focusing on the stakeholders’ perspectives related to attitudes for FOWT and what
challenges that can be identified for the implementation stage.

Lack of energy and electricity can help improving the attitude of FOWT as a technology, since this
generally means higher market price for electricity where new technology solving this issue would be
accepted with a positive attitude. Although, the challenge arises from having a situation where other
RET solutions take precedence, i.e. competition from alternative solutions, with the risk of
potentially some of the other technologies becoming dominant. Previous studies (Ibenholt, 2002)
focusing on wind energy on land in Denmark, Germany and UK, supports this argument where it is

43



identified that too extensive competition may hinder diffusion and thereby wind power
implementation. Attitudes based on experience from apparently similar technology solution at close
shore and on land may contribute to negative attitudes among stakeholders. The challenge with local
acceptance phenomena is related to the NIMBY effects that are well known from previous studies on
renewable energy (Petrova, 2016; Sovacool & Lakshmi, 2012; Wolsink, 2007). This becomes critically
challenging for FOWT in Sweden since the municipalities have veto for some stages in the approval
process and can hinder reaching implementation. Cost is a challenge that need to be addressed
where interview results indicate that a higher technology cost, resulting in high electricity prices, may
be accepted when contributing to something greater good, such as environmental and sustainability
effects, and gaining visual benefits of not seeing the wind parks. Wolsink (2007) identified that the
attitude to wind power is generally positive, but the actual wind farms have negative effect based on
visual disturbance. This supports our argument that higher prices can be accepted for FOWT that
have a lower visual impact. Lund (2007) also argue that public support is an important driver when
RET prices are high. The NIMBY challenge has close connection to collaboration and co-existence
where a collaborative approach to solve a larger collective issue such as CO2 emission and global
warming are in focus.

Table 22

Challenges related to attitudes against FOWT

Factors Identified challenges

Attractiveness of investment (A) Clarity of approval process, cost/price, competition

Not in my backyard (NY) Visual disturbance, lack of knowledge, self-interest

The identified challenges in Table 22 for FOWT implementation, arising from ATU category, are
argued to be related to collaboration within the industry value chain and society including an
acceptance of coexistence. The challenge is to collaborate and reach consensus on a societal critical
topic needing a solution. We argue that on an attitude level an understanding and acceptance of
sacrificing something for the greater good is a way forward to facilitate and reach the
implementation of FOWT.

5.1.4. The summarized behavioral intention to use FOWT (BIU)

The summarized TAM framework gives us the answer to our first research question: What are the
challenges to the implementation of FOWT in Sweden? The challenges to FOWT implementation are
multifold and identified to; (PAU) high risk premium and limited scale effects due to substantiated
grids and infrastructure, (PEU) collaboration issues between investors and government agencies, but
also inefficient permit processes and general understanding of the impact of the technology for
decision-makers, and (ATU) collaboration or co-operation within the FOWT value chain.

During the analysis of implementation challenges, trends of positive and negative feedback affecting
diffusion were identified for the different factors and stakeholder categories in the OWE industry
value chain. These identified trends are argued to be valuable for the analysis of how the technology
will diffuse and are visually summarized in Table 23.
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Table 23

Categorization of stakeholder interview feedback related to FOWT diffusion

Stakeholder

Factors

A B C D
Resources (R) Positive Neutral Neutral Positive
Capital (C) Positive Neutral Neutral Positive
Grids connection costs (GC) Neutral Neutral _
Location choice (LC) Positive Positive Positive Positive
Efficiency provided (EP) Neutral Positive Neutral Positive
Distance to grid (GD) Neutral Positive Neutral Neutral
Skills and labor (SL) Positive Positive Positive Neutral
Substitution costs (S) Neutral Neutral Neutral
Environmental pressure (E) Positive Positive Positive Positive
Policy incentives (P) Neutral
Technology level (TL) Neutral Positive Positive Positive
Market scale (M) Positive Positive Positive Neutral
Network effects (NS) Neutral Neutral
Attractiveness of investment (A) Neutral Neutral Positive
Not in my backyard (NY) Positive Neutral Positive Positive

In summary five negative factor aspects are identified and summarized below together with some

reflections:

e Grids connection costs; are related to limited scale effects due to undermined grids and support

infrastructure.

This is in line with Fang et al. (2018) and J. Liu et al. (2018) pointing out that electricity grid

stability and access are seen challenging. As demand conditions show that feasible grid

connection points are becoming more critical, we argue that this is a challenge that very well may

come to affects all new investments of RET including FOWT.

e Substitution costs; are related to higher risk premium for investors in comparison to bottom-fixed

wind turbines.

Factor conditions indicate that FOWT has a long ROI and the availability of capital plays an

important role (Fang et al., 2018). On the other hand, costs are identified to decrease more

rapidly for RET than for non-renewables with increasing cumulative production and learning
effects (Masini & Frankl, 2002; Neij, 1997).

e Policy incentives; are related to collaboration issues between investors and government agencies,
but also inefficient permit processes and general understanding of the impact of the technology

for decision-makers.

This is in line with Cibinskiene et al. (2021) and Fang et al. (2018), who argue that policy incentives

are strong demand drivers that is led by governments to stimulate corporate investments in the

technology and to accelerate commercialization, i.e. diffusion. As stated by Malafry & Ohman
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(2022), the government issues the permit if the establishment is planned outside the territorial
border (but still within Sweden's economic zone), that could facilitate for more efficient FOWT
permit processes without any risk of delays from municipalities veto.

o Network effects; are related to exchange of knowledge through collaboration within the industry
value chain, where society acceptance and coexistence is important to reach consensus.

The main drivers for diffusion are identified to learning and imitation (Collantes, 2007). Even
though Gill & Hein (2022) highlights that data availability and quality remain central to improve
international collaboration for OWT, we found dialogue and cooperation to be key factors for
FOWT in Sweden.

e Attractiveness of investment; are related to the lack of support systems and joint commitment to
address challenges that have been claimed to complicate the implementation of FOWT.

Market scale and economies of scale will be contributing factors for demand (Cibinskiene et al.,
2021; Fang et al., 2018; Porter, 1998). However, we argue that attitude level matters and that a
deeper understanding will facilitate acceptance and implementation of FOWT.

5.2. The process of FOWT diffusion

The previous analysis focus on the challenges related to implementation. The next part moves
further to the perspective of how the FOWT technology will diffuse. The approach is to apply IDT
model and the identified stages discussed under paragraph 2.2. Each of the diffusion stages are
analyzed in relation to the interview results. By analyzing the interview themes, we map and argue
about the current FOWT diffusion stage and how diffusion will progress.

5.2.1. Knowledge

The knowledge stage is argued to be relatively mature and reaching final stage for the majority of
stakeholders. Even though it was earlier concluded that knowledge differs between decisionmakers
and may be in a challenging stage, we argue the lack of knowledge is more evident for
decisionmakers at the end of the value chain and not for the whole value chain. We base this
argument in relation to the discussions about specific advantages related to the technology. For
example, interviewee “Al1” discuss about technology specific advantages related to environment.
The value chain category “upstream - B” has in depth knowledge in form technology specific
solutions for the FOWT. Similarly, category “midstream - C” have knowledge of challenges the
technology has to overcome and benefits solving numerous environmental and sustainability issues.
At the value chain end the knowledge is intuitively less mature since the technology is still new and
the experience of FOWT is lower than for the other stakeholder categories within the OWE industry
value chain. The knowledge at the value chain end is expressed more on a level of logical reasoning
of effects it may have, such as how far locations out to sea are affecting local nearby citizens.
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5.2.2. Persuasion

The analysis points that FOWT have reached a stage of persuasion. This argument is supported by
the generally positive attitudes identified from the interviews, that was earlier summarized in Table
23. A fully non-negative matrix is somewhat impossible to reach since obstacles and opportunities to
improvement will always be present. Focusing deeper into the five persuasion attributes (paragraph
2.2.2) and the characteristic of FOWT gives good arguments on the diffusion process having
advantages and challenges. The relative advantage of the FOWT is identified on multiple levels such
as environmental benefits, visual disturbance with connection to less NIMBY phenomena and higher
energy resources in form of wind conditions. The technology itself is compatible with current
electricity grid systems, although an additional complexity is added to the enhanced distance from
shore related to operation and maintenance, supply of electricity for longer distances and availability
of main grid connection points. The trialability of FOWT is challenging and yet to be solved for
Sweden, why a quick alternative would be to rely on other markets outside Sweden but adding more
uncertainty to the next coming decision stage.

5.2.3. Decision and implementation

The status and progress of decision and implementation stage is made on a more elaborative level as
FOWT has still to develop more into these stages. The decision to adopt FOWT is according to a
report from Swedish Energy Agency (2022) challenged by cost uncertainty and the estimated
relatively long time to reach competitive cost levels. The statement in this report is at this stage
argued to be of rejective character for FOWT. Based on our results the decisions to adopt is in very
early stage alternatively still pending and challenged by complex decision paths and approval
processes, that is verified by numerous interviewees. The implementation is pending, and the first
projects will be critical for continued adoption and implementation of FOWT. As identified in
previous section the challenges to implement FOWT is multifold and need focus from numerous
perspectives. The identification of these challenges for implementation of FOWT brings novelty to
the industry and need to be approached for a successful diffusion. The macro-economic situation
with high energy prizes and environmental pressure to lower CO2 emissions is highlighted by
interviewees and favoring the decision to adopt the technology. During the interviews it came
evident that the value chain is prepared to support the implementation, and this is for example
identified as intensified industry association activities and collaborations between Swedish and
foreign organizations with FOWT experience. The importance of associations as opinion facilitators is
identified by Cibinskiene et al. (2021) and in parallel the associations become important
communicators for FOWT. The latter came evident through the so-called snowball sampling effect
when interviewees were asked to recommend industry colleagues and the association Svensk
Vindenergi (2022) was mentioned several times. Even though parts of the value chain are ready to
implement, more basic level support infrastructure need to be in place and area approval processes
less complicated. It is known that “others” decisions will influence a decision, e.g. penguin effects or
fast second concept (Swann, 2009), where the neighboring countries to Sweden are argued to have
an important role in the diffusion of FOWT in Sweden.
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5.3. How will FOWT diffuse in Sweden?

Our analysis suggests that the diffusion of FOWT as a new technology is in the stages of knowledge
and persuasion following the IDT framework. The diffusion is challenged by the need to overcome
perceived complexity issues related to the technology, and positive projects to facilitate trialability
and following positive observability. This argument is based on the general positive attitudes from
the stakeholders (Table 23), but still relatively challenging technical solutions, such as electricity
transmission, approval processes and policy incentives need to be solved. The next step of diffusion
will be related to major critical decisions related to policy incentives, grid capacity and location
availability, and area designation process that will further determine the decision choice to either
adopt or reject the new technology. We argue that the complex mix of ‘decision takers’ and veto
possibilities in form of governmental policy decisions, Swedish Armed Forces’ right to claim the
security of the nation, and municipality veto will result in relatively long decision cycles that will
progress iteratively stepwise, reject — decision — adopt, as shown under ‘Decision’ in Figure 3.

In conclusion, FOWT diffusion must overcome the remaining obstacles for the persuasion stage
related to complexity, trialability and observability to reach positive outcomes for adoption and
implementation. The earlier identified challenges for implementation are critical factors to facilitate
continued adoption and implementation, and hence the diffusion of FOWT in Sweden. A summary of
how FOWT will diffuse in Sweden is visualized in Figure 6.

Figure 6

The diffusion of FOWT in Sweden

==l Knowledge - reaching maturity

*The wind energy stakeholders are aware and informed about the technology
eInformation is spread through industry organizations, such as Svensk Vindenergi (2022)

sl  Persuasion — progress

eProgress further and overcome complex solutions for power transformation and approval
processes.

¢ A successful statutory project to facilitate the trialability and observability of FOWT.

*NIMBY benefits from longer distance although self-interest of local residents and other
competing RET technologies hinder diffusion progress

==l Adoption - rejection influences

*A governmental level of adoption is critical for further diffusion, i.e. decisions and policy via
authorities such as Swedish Energy Agency (2022)

=] Implementation - pending

ePositive outcomes from location/area approvals

*Relaying on governmental agency decisions to further build on support infrastructure such as
grid availability and connection points

mmm Confirmation - pending

*This stage becomes of interest when FOWT technology is available in Sweden
*Possibility to learn from neighboring countries (UK, Norway)

48



6. Conclusions

A qualitative thematic analysis is conducted to identify themes and topics related to FOWT diffusion
in Sweden. We conclude that the behavioral intention to use FOWT in Sweden is related to several
challenges experienced by the OWE industry. These challenges complicate future implementation of
FOWT, while our assessment reveals that the market is positive about the technology. On the other
hand, the identified challenges are not completely new, based on previous research, and should be
addressed to reduce the perceived inertia that are brought to the attention of stakeholders.
Although FOWT has support from climate and environmental impact, the technology also includes
limitations which can negatively affect the BIU.

We argue that the complex mix of 'decision takers' and veto possibilities in the form of governmental
policy decisions, result in relatively long decision cycles that will progress iteratively stepwise (reject -
decision - accept). FOWT diffusion need to overcome the remaining obstacles for the persuasion
stage related to complexity, trialability and observability to reach positive outcomes for adoption and
implementation. The identified challenges for implementation are critical factors to facilitate
continued adoption and implementation, and hence the diffusion of FOWT in Sweden.

Based on challenges linked to the received feedback and our results, we assess that resolving
negative aspects can be an important first step increasing the BIU and implementation of FOWT in
Sweden. The five identified negative areas in this study reflect the aspects that with successful
change will contribute to diffusion of FOWT in Sweden. We have investigated the diffusion of FOWT
according to the IDT model and argue that the stage of persuasion will not be properly overcome
until the five negative constraints have been handled in a way that makes it possible to transform
negative aspects into neutral or positive.

6.1. Answers to research questions

We conclude that the (RQ1) challenges to implementing FOWT are complex multifold:

High risk premium and limited scale effects due to substantiated grids and infrastructure are
some of the challenges. Collaboration issues between investors and government agencies, as
well as inefficient permit processes and general understanding of the impact of the
technology for decision-makers are other parts which further complicates the adoption and
following implementation of the technology. We argue that these challenges will remain in
absence of collaboration or co-operation within the FOWT value chain as being part of the
OWE industry.

Despite these challenges, the concluded advantages of FOWT in relation to bottom-fixed OWT are
mainly the visual and environmental impact that could accelerate the process towards mitigating the
current energy crisis in Sweden and contribute to the green transition reducing global warming.
These findings are derived from the TAM framework and the underlying perceived reasons related to
usefulness (PAU), ease of use (PEU) and attitude (ATU).
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Concluding how FOWT will diffuse in Sweden (RQ2):

The interview results and IDT analysis conclude that FOWT is in the stage of persuasion and
will from this stage move further to the decision and implementation phase of diffusion. We
base our argument on the identified level of knowledge maturity present among the
interviewed stakeholders, and the fact that policy and specialist reports include FOWT when
evaluating RET alternatives. The latter is argued to be an indication of IDT persuasion stage
where technology advantages and challenges are compared.

Multifold advantages are identified for FOWT, although the longer distance to shore adds complexity
to the compatibility with current energy infrastructure. This situation and the current challenge to
provide trialability of the technology keeps the technology still in the persuasion stage. Further,
when decision is made to implement FOWT it will facilitate diffusion by trialability and outcomes
from observability. To facilitate positive diffusion the challenges identified for implementation (RQ1),
and to actually reach implementation, needs to be addressed collaboratively with a common
purpose to reach sustainable energy solutions. In this regard we argue that industry associations’
role will become critical to drive the voice of the FOWT industry as a network facilitator. The present
possibility for veto from different organizations/groupings is argued to be a major challenge for
effective diffusion and needs to be addressed in a collaborative fashion.

6.2. Contribution

The research makes an important contribution to knowledge building of FOWT and brings the topic
to the RET research community arena for further discussion and research. Results give guidance for
the industry stakeholders and adds valuable information of what can be done and what should be in
focus to resolve challenges and facilitate diffusion by collecting insights of how the FOWT will diffuse.
In our research the area of competitiveness contributed framing the interview questions to research
the diffusion phenomena. The study contributes both with theoretical and practical implications that
are discussed below.

In our study we combine competitiveness and diffusion theories and conclude that it is feasible to
use for RET research. Our study show that IDT may be applied to FOWT and help understanding how
the FOWT will diffuse in Sweden, and that competitiveness factors can be used to study diffusion.
The IDT framework is argued to be a good tool for further understand what can be done to facilitate
diffusion. Before the study this was not obvious. The study confirm that TAM is recognized to be a
useful framework not only for information technology diffusion, but also to other technologies that
are new having limited secondary data available and where the research mainly relies on primary
interview data and perception of a technology solution. Hence, our study conclude that TAM can be
used to study FOWT, but also that IDT is applicable to study diffusion of FOWT, in which the theory
can be used for future research within similar research areas.

We argue to have identified meaningful social improvements in terms of practical implications within
the OWE industry. Industry associations may use the framework of TAM and IDT to approach
challenges for FOWT and use the framework to visualize the benefits and constrains for this
particular technology. Stakeholders are getting a common framework for communication and may
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approach topics in a similar understandable manner. The framework lays down the playground for
FOWT stakeholders which we argue will facilitate collaboration issues. The commercial activities that
are happening in Sweden for FOWT get a deeper understanding of why it is important to work
collaboratively. The latter has been pointed out by our RQs.

6.3. Suggestions for further research

We propose to look into IDT as a diffusion framework for FOWT and propose further studies to
research details of each diffusion stage and how these can be used to facilitate FOWT diffusion in
Sweden. In parallel further understanding of interest is to look at how value-driven network effects
may affect FOWT diffusion within the OWE industry, or to research generalizability of our results
from another perspective such as neighboring countries or Scandinavia as unit of analysis. Our study
suggest that a collaborative approach is needed in Sweden to resolve challenges for implementation.
Building on this finding, further studies is proposed to understand if this approach is generalizable in
a wider geographical perspective. It is understood that sustainability issues further involve many
stakeholders where new innovation and approaches (e.g. an open innovation strategy) also indicate
that the diffusion and implementation of FOWT may benefit from pilot production or learning effects,
which would be interesting to continue researching on.

We also see an opportunity for future research to further focus into the five negative aspects related
to implementation to find and address the root cause of why the Swedish OWE industry perceives
the five factors as strong obstacles affecting the BIU. The detailed understanding of these obstacles is
argued to be important facilitators for implementation and diffusion of FOWT.
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8. Appendix

8.1. Study introduction
Hi,

We are two MBA-students from Blekinge Institute of Technology who are looking for stakeholders
within the Wind Energy Industry, to be part of a master thesis study.

We would like to ask for your help participating in our study by answering questions via email.
Participation is completely anonymous and voluntary, and we will send a short information sheet
together with the questions. Please let us know if you may support us in our study.

Hej,

Vi dr tva MBA-studenter frdn Blekinge Tekniska Hégskola som letar intressenter inom Vind
Energiindustrin, fér att delta i ett magister-examensarbete.

Vi 6nskar din hjdlp med att medverka i var studie och svara pa fragor via epost. Deltagandet dr helt
anonymt och frivilligt, och vi kommer att skicka ett kort informationsblad tillsammans med fragorna.
Vénligen aterkoppla om ni kan tdnka er att hjdlpa oss med var studie.

Kind regards,
Med viinlig héilsning,

Robin Brink
e: rolc14@student.bth.se, T: 0760-202521, L: linkedin.com/in/robin-brink-0192a3133

Jarno Hassinen
e: jaha20@student.bth.se, T: 0734-188973, L: linkedin.com/in/jarnohassinen,

Supervisor: Mr. Wenjun Wen, e: wenjun.wen@bth.se (only for reference and verification purpose) “
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8.2.

Information sheet

www.bth.se/mba

Information of the study

MBA students (Blekinge institution of technology - BTH), explore diffusion of Floating Offshore Wind
Technology (FOWT). The questions are addressed to different stakeholders located in the value
chain for wind energy projecting. Should the question be unrelated to your position in the value
chain, it is feasible to ignore the question with a short motivation.

The aim of this study is to establish an understanding of diffusion drivers of FOWT in Sweden. Our
study takes influences from competitiveness and diffusion theory.

This is an explorative study where there are no right or wrong answers. Your answers will form the
primary data and will be analyzed and summarized as part of a master's thesis. All information is
kept confidential following strict ethical guidelines without sharing details with any third party. You
can feel completely confident that the answers can also be withdrawn without any reasons if
requested.

Since collected data will be analyzed using gualitative analytical software, such as NVivo, we
respectfully ask you to answer as extensively and elaboratively as possible. Anticipated response
time (deadline) for the interview guestions is week of April 4.

Finally, the answers will be stored on the university's platform and removed approximately three
months after the master's thesis has been approved. No private information (name, contact or
personal information) will be included in the publication of this thesis. A copy of the thesis will be
provided to you as refence. Answering the interview guestions mean that you consent using your
answers in our master thesis.

Please feel free to recommend an industry colleague that could contribute to this study.
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8.3. Stakeholder questions — diffusion of FOWT in Sweden

Please answer the below questions by typing your answer below for each question and return as an
email attached to MBA-students (rolc14@student.bth.se, jaha20@student.bth.se) at Blekinge
Institute of Technology. Alternatively use the provided web-link for MS Forms that contains the same
guestions. Many thanks!

1. What is your current role and how does wind energy projects take places in your work?

2. What resources are essential to meet the potential future demand for floating offshore wind
technology (FOWT) in Sweden? (Please motivate)

3. How are you affected by policy incentives for investments related to offshore wind power
projects and how critical is it for your business/organization? (Please motivate)

4. Based on your opinion, how can longer distances to shore for wind energy projects be motivated
in comparison to more traditional offshore wind power projects? (Please motivate)

5. What obstacles do you see regarding site selections or natural conditions in Sweden for both
traditional and floating offshore wind power projects? (Please motivate)

6. In your business/organization, what scales effects are important for offshore wind power
investments? (Please motivate)

7. What challenges do you see for site selections with longer distances to land? (Please motivate)

8. What is your opinion about the market capacity and business opportunity for FOWT in Sweden?
(Please motivate)

9. What would motivate a higher cost for FOWT than for traditional wind energy? (Please motivate
why)

10.In your business/organization, what impact does the environmental pressure have on offshore
wind power projects? (Please motivate)

11.How would you like to change the process of political decisions to accelerate investment for
offshore wind power projects? (Please motivate)

12.How much priority do you place on building and maintaining external relationships?
(Please motivate)

13.In respect to macro stability and prioritization of renewable energy, what makes or would make
offshore wind power projects attractive in Sweden? (Please motivate)

14.From your perspective, does society's acceptance and local opposition for site selections on wind
turbines have an impact on offshore wind power projects? (Please motivate)

15.In your opinion, what drivers do you think will have an impact on diffusion (implementation) of
FOWT? (Please motivate)
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16.Please feel free to recommend an industry colleague that could contribute to this study.
(Name and e-mail)

17.How long did it take to answer questions?
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8.4. Intressentfragor — spridning av FOWT i Sverige

Véanligen svara pa nedanfragor genom att skriva ditt svar nedan for varje fraga och returnera som ett
mejl bifogat till MBA-studenter (rolc14@student.bth.se, jaha20@student.bth.se) vid Blekinge
Tekniska Hogskola. Alternativt anvand given web-lank till MS Forms som innehaller samma fragor.
Tack sa mycket!

1. Vilken ar din nuvarande roll och hur kommer ni i kontakt med vindenergiprojekt i ditt arbete?

2. Vilka resurser ar essentiella for att méta den potentiella framtida efterfragan pa flytande
havsvindteknik (FOWT) i Sverige? (Vadnligen motivera)

3. Hur paverkas du av policyincitament for investeringar relaterade till vindkraftsprojekt till havs och
hur avgorande &r det for din verksamhet/organisation? (Vanligen motivera)

4. Baserat pa din asikt, hur kan langre avstand till land for vindenergiprojekt motiveras i jamforelse
med traditionella havsbaserade vindkraftsprojekt? (Vanligen motivera)

5. Vilka hinder ser du nar det géller platsval eller naturférhallanden i Sverige for bade traditionella
och flytande vindkraftsprojekt till havs? (Vanligen motivera)

6. |ertforetag/organisation, vilka skaleffekter ar viktiga for investeringar i vindkraft till havs?
(Vanligen motivera)

7. Vilka utmaningar ser du for platsval med langre avstand till land? (Vanligen motivera)

8. Vilken &r din asikt gdllande marknadskapaciteten och affarsmojligheten for FOWT i Sverige?
(Vanligen motivera)

9. Vad skulle motivera en hogre kostnad for FOWT &n for traditionell vindenergi?
(Vanligen motivera varfor)

10.1 eran verksamhet/organisation, vilken paverkan har miljétrycket pa vindkraftsprojekt till havs?
(Vanligen motivera)

11.Hur skulle du vilja férandra processen med politiska beslut for att paskynda investeringar for
havsbaserade vindkraftsprojekt? (Vanligen motivera)

12.Hur stor vikt lagger du vid att bygga och uppratthalla externa relationer?
(Vénligen motivera)

13.Med avseende pa makrostabilitet och prioritering av fornybar energi, vad gor eller skulle gora
havsbaserade vindkraftsprojekt attraktiva i Sverige? (Vanligen motivera)

14.Utifran ditt perspektiv, har samhéllets acceptans och lokal opinion mot platsval for vindkraftverk
en inverkan pa vindkraftsprojekt till havs? (Vanligen motivera)
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15.Enligt din asikt, vilka drivkrafter tror du kommer att ha en inverkan pa spridningen
(implementeringen) av FOWT? (Vanligen motivera)

16.Foresla garna en industrikollega som skulle kunna bidra till denna studie.
(Namn och e-post)

17.Hur lang tid tog det att svara pa fragorna
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8.5. NVivo coding and percentage text coverage per code

Chart mode in NVivo is used to explore the relative coverage of coding from each stakeholder

interview. The percentage coverage gives an indication of which coding area the interviewee has

been most elaborative on. Below is an example for interviewee Al.

Figure 8.5.1

Example of relative coding from stakeholder A1 used to identify the level magnitude for each coding
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8.6. NVivo coding and text analysis

For the qualitative text analysis child coding (blue rectangular) is aggregated to parent level (red
rectangular) to facilitate identification of general themes from research framework.

Figure 8.6.1

Aggregation of child to parent coding using identified framework for FOWT diffusion

Codes
@ Name e Files References
=) FOWT diffusion framework 11 163
E|| (O 1 PAU - Perceived as Usefull 11 66
(O 01(R) Resource 11 11
O 02 (C) Capital 11 11
O 03 (GC) Grids connection costs 11 11
(O 04 (LC) Location choice 11 11
(O 05 (EP) Efficiency provided 11 11
(O 06 (DG) Distance to grid 11 11
E||- () 2 PEU - Perceived as Easy to Use 11 74
O 07 (M) Market scale 11 11
(O 08 (S) Substitution costs 11 11
(O 09 (E) Environmental pressure 11 11
QO 10 (P) Policy incentives 11 11
(O 11 (TL) Technology level 11 11
(O 12 (SL) Skills and labour 8 8
(13 (NS) Network effect 11 11
- (O 14 (A) Attractiveness of investment 11 12
O 15 (NY) Not in my backyard 11 11
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Figure 8.6.2

FOWT word cloud
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Note. Identified interest areas: Swedish armed forces, distance, interests, areas, acceptance.
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Figure 8.6.3

NVivo word tree visualization example
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8.7. Summary of NVivo word analysis — Coding and themes

Table 8.7.1.

Summary of NVivo word analysis following coding and initial themes

ID TAM CAT EACH TAM CATEGORY CODING TAM - NVIVO WORD CODING FOWT - NVIVO WORD CODING - THEMES
1 PAU - usefulness A Location Distance Location/Area
2 PAU - usefulness A Distance Price Process

3 PAU - usefulness A Environment Grid technology Interests

4 PAU - usefulness B Cost (maintenance) Resource Cooperation (armed forces)
5 PAU - usefulness B Distance Armed forces
6 PAU - usefulness C Distance Acceptance

7  PAU - usefulness C Cost Environment
8 PAU - usefulness C Resource

9 PAU - usefulness C Grid capacity

10 PAU - usefulness D Resource

11 PAU - usefulness D Cost

12 PAU - usefulness D Location

13 PAU - usefulness D Price

14 PAU - usefulness D Capital

15 PEU - Ease A Distance Location (Areas)

16 PEU - Ease A Environment impact Process - permits

17 PEU - Ease A Network Policy

18 PEU - Ease A Resources (environment) Environment

19 PEU - Ease B Resources (Technical)

20 PEU - Ease B Network

21 PEU - Ease B Policy

22 PEU - Ease C Cost (reduction)

23  PEU - Ease C Environment
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ID TAM CAT EACH TAM CATEGORY CODING  TAM - NVIVO WORD CODING FOWT - NVIVO WORD CODING - THEMES
24 PEU - Ease C Policy incentives

25 PEU - Ease C Process

26 PEU - Ease C Swedish Armed Forces

27 PEU - Ease C Cooperation (Self-interest)

28 PEU - Ease D Environment

29 PEU - Ease D Policy incentives

30 PEU - Ease D Location

31 PEU-Ease D Process

32 PEU-Ease D Network (collaboration)

33 ATU - Attitude A Location Electricity - lack of energy
34 ATU - Attitude A NIMBY Acceptance - NIMBY

35 ATU - Attitude B NIMBY Benefits - Collaboration, environment, macro stab.
36 ATU - Attitude B Resource

37 ATU - Attitude C Macro stability

38 ATU - Attitude C Environment (RET)

39 ATU - Attitude C Lack of energy

40 ATU - Attitude C Process

41 ATU - Attitude C NIMBY

42 ATU - Attitude D Cost reduction

43 ATU - Attitude D NIMBY

44 ATU - Attitude D Investment

45 ATU - Attitude D Process (clarity)
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