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ABSTRACT

Climate change threatens society and crucial ecosystems, with urgent reductions of greenhouse gas
emissions , with renewable energy sources like residential solar photovoltaic (PV) systems offering a
viable solution. This master's thesis explores the evolving enablers and barriers to the adoption of
residential solar PV systems in Swedish households since 2018. Utilizing a qualitative research design,
the study gathers data through semi-structured interviews with recent adopters and triangulates these
findings with secondary data from a quantitative survey. The empirical findings are then compared to
findings from previous case studies on enablers and barriers to adoption of residential solar PV in
Sweden.

The study utilizes several theoretical frameworks to analyze adoption factors, including Rogers'
Diffusion of Innovation Theory, Pereira's Sensemaking Model, and Venkatesh et al.’s Unified Theory of
Acceptance and Use of Technology. Identified enablers include financial benefits from reduced
electricity costs and the potential to sell excess electricity, environmental concern, social influence,
technology interest, and the desire for energy independence. Additionally, a significant new enabler is
the synergy between residential solar PV systems and electric vehicles, enhancing both financial and
environmental benefits.

Persistent barriers to adoption include high initial costs, administrative hurdles, lack of clear information
from suppliers, and property-specific issues such as roof orientation and condition. Although financial
barriers have weakened due to decreased installation costs and improved subsidies, administrative and
informational challenges continue to impede adoption.

The findings underscore the importance of performance expectancy, effort expectancy, and social
influence and interaction in driving adoption. The study suggests that enhancing institutional support and
simplifying regulatory processes could further accelerate the adoption of residential solar PV systems in
Sweden. The evolving landscape of enablers and barriers highlights the dynamic nature of technology
adoption and the need for continuous adaptation of policies and support mechanisms.

.
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1. Introduction
In this chapter the background, purpose, and research questions are presented with the purpose
of giving insight as to why the study is relevant to research and how the problem is approached.

1.1. Background

Climate change is a known threat to society and to avoid not only destroying crucial
ecosystems, but also to save human lives, scientist stress the urgency of reducing greenhouse
gas emissions to dampen the effects by using renewable and non-fossil sources, such as solar
photovoltaic (hereafter referred to as PV) systems, for energy production (United Nations, n.d.).
Solar PV has great potential to reduce emissions of greenhouse gases, and residential solar PV
systems can effectively be installed on roofs for decentralized energy production (International
Energy Agency, n.d.). Simultaneously, households have been seen to account for a quarter of
the total energy use in Europe (Raven et al., 2021) and are becoming increasingly relevant in
supporting renewable energy transitions (Karjalainen & Ahvenniemi, 2019).

However, adoption of new technologies is not automatic and is dependent on several factors
related to individual benefit, social factors, and technological factors (Abbas et al., 2022;
Briscoe et al., 2011). The adopter’s needs must be satisfied by the technology, and in the case
of residential solar PV it requires high-involvement behavior from the adopter as the potential
adopter needs to extensively weigh the pros and cons (Jager, 2006). Barriers such as high cost
and inadequate policy support can hinder these needs from being fulfilled and stunt the adoption
process (Karjalainen & Ahvenniemi, 2019). Existing theoretical models provide insights into
why, how, and at what rate individuals decide to adopt a technology by emphasizing different
aspects of adoption.

The time at which individuals adopt an innovation depends partly on the characteristics of the
potential adopters and divides them into different categories based on their innovativeness. As
different adopter categories value innovations differently, later adopter categories adopting
solar PV means new aspects of the technology can become enablers or barriers to its adoption
(Rogers, 1983). When individuals of the different adopter categories start to learn about an
innovation, they go through stages of adoption. The stages are knowledge, persuasion, decision,
implementation, and confirmation (Rogers, 1983). This linear model can be compared to the
sensemaking model where individuals use previous actions to learn and guide their future
decisions in a cyclical process (Pereira, 2002). It is therefore more focused on how individuals
understand technologies based on their previous experience. A theory which combines elements
of several different theories is the Unified Theory of Acceptance and Use of Technology
(UTAUT), which emphasizes four determinants to adoption: performance expectancy, effort
expectancy, social influence, and facilitating conditions (Venkatesh et al., 2003).
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Despite the large amount of research conducted on innovation adoption and the benefits of
renewable energy and residential solar PV, the adoption of renewable energy technologies
(hereafter referred to as RETs) has been slow (Mignon & Bergek, 2016; Negro et al., 2012).
Meanwhile, the potential for increasing the number solar energy installations in Sweden is high
(Andersson et al., 2021) and more installations are needed to meet the future energy demand
(Statens energimyndighet, 2023), which is increasing rapidly (Holmberg & Tangerås, 2022).

To better understand why adoption has occurred and why it has not occurred at a faster rate,
previous studies have investigated and analyzed residential adoption of solar PV in Sweden
(Bergek & Mignon, 2017; J. Palm, 2018; J. Palm & Tengvard, 2011). These studies have
identified both enablers and barriers to adoption of residential solar PV. In terms of enablers,
they have found environmental concern to be one of the primary enablers for adoption, with
technology interest and a desire to be energy independent enabling adoption of residential solar
PV further (Bergek & Mignon, 2017). The financial aspect of investing in solar PV has moved
from being a barrier (J. Palm & Tengvard, 2011) towards, in some cases, being an enabler for
adoption as the general cost for solar PV has decreased, subsidies have stimulated adoption,
and it is possible to generate revenue by selling excess electricity to the grid (J. Palm, 2018).
Regarding the barriers to adoption, despite the mentioned cost decreases, the cost of solar PV
installation has still been identified as a barrier to adoption of residential solar PV (Bergek &
Mignon, 2017; Palm, 2018). Another barrier is the lack of clear information regarding the
installation and benefits of solar PV (Mignon & Bergek, 2016; J. Palm, 2018). Lastly,
administrative hurdles have created a barrier to adoption due to the numerous application
processes needed for the use of residential solar PV (J. Palm & Tengvard, 2011).

In recent years, several events and changes have affected society and therefore potentially also
influenced the enablers and barriers to adoption of residential solar PV. For instance, climate
related issues have increased the urgency of transitioning to renewable energy sources (World
Meteorological Organization, 2021), COVID 19 has negatively impacted communication
efforts regarding new energy projects (Busch & Hansen, 2021), Russia’s invasion of Ukraine
has affected Europe’s energy supply (European Council, 2024), the cost of electricity in Sweden
has increased (Konsumenternas energimarknadsbyrå, n.d.), and increased adoption of electric
vehicles (hereafter referred to as EVs) in Sweden (Trafikanalys, 2024) has led to increased
electricity demand (Statens energimyndighet, 2023). While adoption of residential solar PV has
still continued (EurObserv’ER, 2023), the enablers and barriers to adoption can potentially be
different than during previous studies. This study aims to address the knowledge gap in research
by increasing the understanding of the current enablers and barriers to adoption of residential
solar PV in Swedish households, and how they have developed from previous enablers and
barriers.
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1.2. Purpose

The purpose of the study is to understand how the enablers and barriers to adoption of
residential solar PV systems for Swedish households have changed since 2018 and what has
led to the changes.

With this purpose, the following research questions have been formed:

1. How have the enablers to adoption of residential solar PV in Sweden evolved since
2018?

2. How have the barriers to adoption of residential solar PV in Sweden evolved since
2018?

3. What can explain the differences between the current and previous enablers and barriers
to adoption of residential solar PV in Sweden?

1.3. Outline of the thesis

Chapter 2 of the thesis provides a theoretical background for the reader to get a deeper
understanding of the existing innovation adoption theory and case studies on residential solar
PV in Swedish households. Chapter 3 presents the methodology of the study, followed by
chapter 4 and the empirical findings. In Chapter 5 the findings are analyzed and connected to
the theoretical background. Chapter 6 discusses the implications of the study and future
considerations. Lastly, chapter 7 presents the conclusion.
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2. Theoretical background
The theoretical background consists of literature on adoption theory as well as empirical
findings on enablers and barriers to adoptions of residential solar PV in Sweden. By combining
the theoretical models and connecting them to the identified enablers and barriers to adoption
of residential solar PV a broader understanding of the adoption process can be achieved.

2.1. Innovation adoption theory

Adoption has been described differently by researchers. Some scholars refer to adoption as the
decision to implement solution or practice (Hollweck, 2015). In contrast, others refer to
adoption as the process of researching, implementing, and utilizing an innovation, instead of
focusing only on the decision itself (Hall et al., 1975). Although these different views on
adoption exist, innovation adoption generally refers to how innovations are introduced to
individuals or organizations, how the adoption decision is reached, and how the rate of the
process is affected by different circumstances or factors (Davis, 1989; Rogers, 1983; Venkatesh
et al., 2003). For adoption to occur, various needs of the potential adopters need to be satisfied
by the innovation (Jager, 2006). These can for example be a need for social belonging (Briscoe
et al., 2011) or cost reductions (Qureshi et al., 2017). s

To model the rate at which different individuals adopt an innovation, individuals are grouped
into the following categories: innovators, early adopters, early majority, late majority, and
laggards. The basis for the categorization is the degree of innovativeness each individual has.
High income, high education, living in urban areas, high interest in technology, and an aptitude
for risk are some of the characteristics indicating high innovativeness and therefore earlier
adoption (Rogers, 1983). Rogers’ model has, however, been subjected to critique and
opposition (Lyytinen & Damsgaard, 2001; Ruokamo et al., 2023; Seligman, 2006). For
example, in a recent case study on residential solar PV in Finland, no statistically significant
association was found between high income and early adopters (Ruokamo et al., 2023). The
study by Ruokamo et al. (2023) also found that individuals living in rural areas were more likely
to adopt solar PV and to be early adopters, in comparison to individuals in urban areas. While
some aspects of Rogers’ model are corroborated, it is clear that the model needs to be
complemented with other perspectives were the individual’s thought process is taken into
further account (Seligman, 2006). This a major reason for why Pereira’s (2002) sensemaking
model, which is explained deeper in the chapter 2.1.2, is included in the study.

The major adoption theories chosen for this thesis are the diffusion of innovation by Rogers
(1983), sensemaking by Pereira (2002), and the unified theory of acceptance and use of
technology by Venkatesh et al. (2004). Rogers’ diffusion of innovation has been applied to
studies in various subjects, including solar PV (García‐Avilés, 2020; A. Palm & Lantz, 2020;
Ruokamo et al., 2023). Little research has, however, been conducted on solar PV using the
sensemaking perspective by Pereira (2002) and the UTAUT by Venkatesh et al. (2004).
However, these theories have been used to analyze the adoption of IT systems (Ayaz &
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Yanartaş, 2020; Polyviou et al., 2023), and are deemed suitable for analysis of residential solar
PV as well, since IT systems share some similarities with residential solar PV. Both are adopted
by individuals with little to no experience of the technology (Mignon & Bergek, 2016) and,
while the magnitude of the adoption decision can be different and irreversible in the case of
solar PV, the process leading up to the decision is similar.

2.1.1. Diffusion of innovation

The first adoption theory to be used for the analysis is the diffusion of innovation theory
(Rogers, 1983). Apart from the adopter categories already mentioned, the adoption rate of an
innovation is also influenced by the innovation’s attributes (Rogers, 1983). The three attributes
of an innovation most relevant for this study are its relative advantage, compatibility,
complexity, and observability. Relative advantage refers to what a specific innovation offers
that is not offered by another innovation, and for solar energy this has been found not to be
sufficient (Bandara &Amarasena, 2018). Compatibility concerns how consistent the innovation
is with individual values and needs (Rogers, 1983), and high compatibility decreases the
uncertainty involved with adopting an innovation (Sahin, 2006). One example of compatibility
issues with residential solar PV was found in Pakistan where the environmental aspect of solar
PV was not compatible with their priorities of reducing costs (Qureshi et al., 2017). The
complexity is mentioned by Qureshi et al. (2017) to influence the adoption rate of residential
solar PV as complicated technologies are adopted more slowly as compared to simpler
innovations. Lastly, if an innovation is visible to neighbors and friends the innovation’s
observability can increase the adoption rate as it stimulates discussions regarding the innovation
(Rogers, 1983). This is regarded as a main factor for adoption of a technology (Sahin, 2006).

Diffusion of innovation theory presents a linear model of the adoption process occurring
through five stages: knowledge, persuasion, decision, implementation, and confirmation
(Rogers, 1983). The knowledge stage is where the individual is first exposed to the innovation
and starts to understand its functionality (Taylor et al., 2018). During the persuasion stage, the
individual contextualizes the innovation and weighs its pros and cons, and targeted efforts
should be made to highlight the relative advantages of the innovation. At this stage, the
individual’s attitude towards the innovation is shaped (Taylor et al., 2018). At the decision
stage, the individual chooses to either adopt or reject the innovation (Rogers, 1983). For
residential solar PV, this could include scouting for suppliers and comparing costs and benefits
between solar PV and other solutions. If the individual chooses to adopt, they continue to the
implementation stage where the usefulness of the innovation is determined and later evaluated
in the confirmation stage where the individual can choose to reverse the adoption decision
(Rogers, 1983). As residential solar PV adoption is essentially non-reversible, only the
knowledge, persuasion, and decision stage are seen as relevant for the study.
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2.1.2. Sensemaking model

The linear adoption process from diffusion of innovation theory can be complemented by
Pereira’s (2002) sensemaking model, which emphasizes how previous decisions to adopt a
technology guides future decisions of adoption. This cyclical process means that as individuals
reinterpret an innovation’s role in their lives, their assessment of the innovation and future
innovations change (Pereira, 2002).

The concept of sensemaking consists of certain properties including identity, retrospect, social
contact, and ongoing events (Weick, 1995). These properties are connected to technology
adoption in different ways. Adopting technologies impacts one’s identity construction, for
example by making the user consider themselves intelligent (Seligman, 2006). Sensemaking
being retrospective means that individuals only make sense of past experiences. This affects
adoption attitudes as past experience with a technology resulting in success or failure leads to
a changed attitude for future technologies (Pereira, 2002). Social contact impacts adoption as
an individual’s mental framework is influenced by the mental framework of others in their
social group. Ongoing events concern how over time systems, and environmental and
contextual conditions change, leading to individuals intending to adopt a technology but not
doing so as a result of different circumstances (Pereira, 2002; Seligman, 2006).

As mentioned, it has been noted that Roger’s diffusion of innovation theory insufficiently takes
the individual into account when comparing the sensemaking perspective to Roger’s (1983)
adoption process (Seligman, 2006). To combat this, each adoption stage described by Rogers
can be viewed at a deeper level by focusing on the adopter and their mental frameworks, and
how sensemaking occurs at each individual stage (Pereira, 2002; Seligman, 2006). The activity
of sensemaking at each stage is what propels the individual onto the next stage in the process,
and Pereira’s sensemaking model can therefore be used to better understand the adoption
process by complementing Rogers’ (1983) model with a more dynamic perspective within each
stage of adoption.

Figure 1 illustrates how the sensemaking model (Pereira, 2002) can be used to extend the
adoption process model (Rogers, 1983). It shows how sensemaking occurs within each
individual stage of adoption, but also between different adoption processes and guides future
decisions.
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Figure 1. Rogers’ (1983) adoption process extended with Pereira’s (2002) sensemaking model.
Implementation and confirmation stages greyed out due to not being relevant.

2.1.3. Unified Theory of Acceptance and Use of Technology

A third and final model is the Unified Theory of Acceptance and Use of Technology (UTAUT)
model by Venkatesh et al. (2003). The UTAUT model builds upon several previous models
from different theoretical areas. One of the models incorporated into the UTAUT is the
technology acceptance model (TAM) by Davis (1989). TAM states that the critical factors in
the decision for an individual to adopt and use a technology is its perceived usefulness and its
perceived ease of use (Davis, 1989). The perceived usefulness is related to what degree an
individual believes the technology would enhance their performance, and the perceived ease of
use is the degree to which an individual thinks using a new technology will be effortless. These
two key constructs in TAM by Davis can be directly connected to the first two determinants for
technology acceptance in the UTAUT model: performance expectancy and effort expectancy
(Venkatesh et al., 2003). These two determinants also encapsulate the attributes relative
advantage (performance expectancy) and complexity (effort expectancy) mentioned by Rogers
(1983).

The UTAUT also incorporates the theory of planned behavior (TPB) by Aizen (1991). TPB
features constructs such as subjective norms and attitude, which have been condensed into the
third determinant of technology acceptance in the UTAUT: social influence. This determinant
emphasizes the role of social norms and social pressure in adoption (Venkatesh et al., 2003).
The UTAUT’s social influence can therefore be connected to both the socioeconomic factors
mentioned by Rogers (1983) in his diffusion of innovation theory and the dynamic social
context by Pereira (2002) in his sensemaking model.
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TPB is also integrated into the fourth and final determinant in the UTAUT model. In TPB, the
concept of control beliefs concerns if an individual believes there are factors that facilitate or
hinder a behavior (Aizen, 1991). In the UTAUT, this concept can be found in the facilitating
conditions determinant, where facilitating conditions is the degree to which an individual
believes a technological system has infrastructural support (Venkatesh et al., 2003).

In sum, the four determinants for technology acceptance or adoption according to the UTAUT
are performance expectancy, effort expectancy, social influence, and facilitating conditions.

2.2. Adoption of residential solar PV

The adoption of RETs has been shown to progress slowly, and part of the reason for the slow
progress can be attributed to “hard” institutions, such as regulations and policies, and “soft”
institutions, such as social norms and behaviors (Negro et al., 2012). Various studies have
highlighted similar or different factors influencing, either positively as enablers or negatively
as barriers, the adoption rate of residential solar PV and other RETs in different countries and
regions (Abbas et al., 2022; Bandara & Amarasena, 2018; Bao et al., 2020; Qureshi et al., 2017;
Ruokamo et al., 2023). In Pakistan, it was found that the most significant enabler to adoption
of solar PV was the environmental benefits it brings. Other enablers include solar PV providing
a consistent energy supply and social acceptability (Qureshi et al., 2017). The same study
identified that the most significant barrier was the high cost for solar PV systems, followed by
insufficient governmental support. In California and Massachusetts, cost saving was instead
found as one of the most important enablers to adoption (Bao et al., 2020).

As the enablers and barriers to adoption of residential solar PV can differ between countries,
this study’s empirical findings are compared to the previous enablers and barriers to adoption
of residential solar PV in Swedish households. These were mainly found in case studies by
Palm & Tengvard (2011), Bergek & Mignon (2017), and Palm (2018).

2.2.1. Previous enablers to adoption of residential solar PV

The enablers identified in the above-mentioned studies have been divided into five themes:
environmental, social, financial, technology interest, and energy independence.

Financial
Financial enablers vary in shape but in general they concern how having a solar PV system can
reduce electricity costs or generate revenue by selling electricity to the power grid. This has
been highlighted as an enabler to adoption by several studies (Bergek &Mignon, 2017; J. Palm,
2018; J. Palm & Tengvard, 2011). However, it has also been a barrier (J. Palm, 2018; J. Palm
& Tengvard, 2011). The potential financial long-term savings was initially a relatively weak
enabler but existed due to an anticipation of future benefits (J. Palm & Tengvard, 2011). By
2014-2016 it had, however, become a significant enabler to the adoption of solar PV as result
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of decreased installation costs, subsidies, and the ability to sell excess capacity to the power
grid (J. Palm, 2018), as well as the reduced energy costs solar PV systems provide.

Financial aspects being enablers of solar PV adoption can be related to several elements of the
different adoption models. The anticipated benefits of the installation can be connected to the
performance expectancy in the UTAUT model (Venkatesh et al., 2003). Furthermore, the
ability to sell excess capacity to the power grid and the governmental subsidies indicate
infrastructural support for the technology (J. Palm, 2018), showing the existence of facilitating
conditions from the UTAUT model. It can also be seen as to have increased the anticipated
long-term benefits and by extension the perceived usefulness and performance expectancy.

Decreased installation costs, subsidies, the ability to sell excess capacity (J. Palm, 2018), and
reduced energy costs (Bergek & Mignon, 2017) also lead to decreased financial risk. Rogers
(1983) identifies risk aversion as a key characteristic for categorizing adopters, with less risk-
averse individuals often exhibiting higher levels of innovativeness. Consequently, reducing
financial risk could encourage less innovative groups to consider investing in solar PV.

Environmental
Environmental enablers are the aspects of solar PV related to environmental concern and a
desire to be more environmentally friendly. J. Palm & Tengvard (2011) found that this was
main enabler for installation of solar PV in private households. The authors showed that this
enabler came from a general desire to be sustainable and to a decrease in one’s ecological
footprint. Environmental concern being the primary enabler for adoption of solar PV is further
supported by later case studies. In their study of motives to adopt RETs, Bergek & Mignon
(2017) identified different groups of adopters and their motives, and the group consisting of
individuals was seen to primarily be motivated by environmental concern. While these two case
studies are six years apart, environmental concern has persisted as a main enabler (Bergek &
Mignon, 2017; J. Palm & Tengvard, 2011). J. Palm (2018) further confirms this in a study
comparing the enablers between 2008-2009 and 2014-2016, stating that environmental concern
as an enabler has remained consistent.

Environmental concern being the primary enabler for adoption of solar PV among Swedish
households is in line with findings from studies on other countries and regions (Karjalainen &
Ahvenniemi, 2019; Qureshi et al., 2017) and reflects the emphasis on social norms and pressure
as a determinant for adoption. Climate change awareness in Sweden is high and, in a survey,
when asked if one thinks climate change will affect Swedish citizens 90% answered yes in
2015, which increased to 95% in 2018 (PFM Research, 2018). As more individuals become
aware of how society will be affected by climate change, it can be expected that the social
pressure to be more environmentally friendly increases, in line with the social influence
determinant (Venkatesh et al., 2003) and the sensemaking model (Pereira, 2002).
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Social
In residential solar PV adoption, social factors concern how having a solar PV system can
influence others, increase one’s social status in the community, or protest against the incumbent
actors. The investment in solar PV could be seen as a symbolic investment to show
environmental consciousness and inspire others to adopt (J. Palm & Tengvard, 2011).
According to the same study, it was also a means of protest against the large incumbent energy
actors and oppose the use of non-renewable energy. The act of influencing others to adopt an
innovation is mentioned by Rogers (1983) as a characteristic for primarily the early adopters,
where the early adopters provide credibility to the innovation. Innovators are also influential,
but less so due to their smaller population and their high-risk tolerance.

Technology interest
Technology interest as an enabler to adoption is related to how an interest in new technologies
can incentivize adoption of them. Similarly to Finland (Ruokamo et al., 2023), interest in the
technology of solar PV has been considered an enabler to the adoption, although mostly during
the period 2008 until 2010 (J. Palm, 2018). While still prevalent in the latter period between
2014 and 2016, this aspect was not as significant as before, according to J. Palm (2018). Bergek
& Mignon (2017) also found that technology interest was one of the enablers to adoption in
their study, supporting the findings of both J. Palm & Tengvard (2011) and J. Palm (2018).

Interest in new ideas and technologies is a characteristic mentioned by Rogers (1983) as one of
the most prominent among innovators, the first of Rogers’ (1983) adopter categories. The
decreasing significance of technology interest as an enabler could therefore be an indicator that
adopter groups with less innovativeness have started to adopt solar PV.

Energy independence
Enablers related to energy independence is connected to how households want to be self-
sufficient and able to generate power off-grid, or for example be able charge their EVs with
own-produced electricity. With the increased availability of EVs, more households wanted to
invest in solar PV to be able to charge their car and become independent of energy companies
(J. Palm, 2018). The desire to be self-sufficient and independent of energy companies is also
mentioned as an enabler by Bergek & Mignon (2017) and J. Palm & Tengvard (2011).

Similarly to the financial enabler, the anticipated benefit of energy independence can be related
to the performance expectancy determinant (Venkatesh et al., 2003) and the relative advantage
attribute (Rogers, 1983).

Summary of enablers
The previous enablers to adoption of residential solar PV are summarized in table 1 below and
together with how they were identified and from what reference.
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Type Reason Reference

Financial Decreased costs, subsidies,
selling to grid

J. Palm & Tengvard (2011),
Bergek & Mignon (2017),
J. Palm (2018)

Environmental Environmental concern J. Palm & Tengvard (2011),
Bergek & Mignon (2017),
J. Palm (2018), Mundaca &
Samahita (2020)

Social Social status and influence J. Palm (2018)

Technology interest Interest in solar cell technology J. Palm & Tengvard (2011),
Bergek & Mignon (2017),
J. Palm (2018)

Energy independence Charge EV, be independent of
energy companies

J. Palm & Tengvard (2011),
Bergek & Mignon (2017),
J. Palm (2018)

Table 1. Enablers to adoption of residential solar PV.

2.2.2. Previous barriers to adoption of residential solar PV

The barriers mainly identified in the case studies by Bergek & Mignon (2017), J. Palm &
Tengvard (2011), and J. Palm (2018) have been divided into three themes: financial,
administrative, and lack of information.

Financial
As mentioned in the chapter 2.2.1, financial aspects of residential solar PV have not only been
an enabler to adoption. The cost for installing solar PV has still been substantial, making
households contemplate the decision longer (J. Palm, 2018; J. Palm & Tengvard, 2011), and
can be expected to have hindered some from adopting entirely. However, the barrier weakened
between 2008-2009 and 2014-2016 due to the decreased cost and policy interventions
previously mentioned (J. Palm & Tengvard, 2011).

From 2015 to 2020, the cost for solar cells decreased by 74% (Internation Energy Agency,
2022). This could lead to the barrier of investment cost having weakened even more, as a large
part of this 74% decrease occurred after J. Palm’s (2018) study. Furthermore, the policies
aiming to increase adoption by subsidizing the installation cost have been subjected to several
changes (Mundaca & Samahita, 2020). Between 2009 and 2017, the subsidy amount was
gradually lowered from 60% of the installation cost to 30% of the installation cost (Mundaca
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& Samahita, 2020), before finally being replaced by a tax relief for green investments in 2021
(Skatteverket, 2024). The lowered subsidy amount and eventual change to a tax relief can be
thought to have impacted the financial barrier as well.

Administrative
The administrative barriers concern processes and regulations that delay the installation and use
of the complete system. While unclear regulations and administrative hurdles were identified
as significant barriers to adoption during the period between 2008 and 2009 (J. Palm &
Tengvard, 2011; J. Palm, 2018), it had surpassed installation cost regarding its significance as
a barrier by 2014, due to the increased number of administrative tasks related to subsidy
application, grid connection, and selling electricity to the grid (J. Palm, 2018). This is supported
by Mundaca & Samahita (2020) stating how the changes made to the subsidy program made it
unclear how much the system would be subsidized when the subsidy application was filed.

Despite subsidies and selling electricity to the grid being enablers to adoption from a financial
perspective, these same factors increased the administrative barriers as the installation process
became more complex (J. Palm, 2018). As mentioned, these factors showed the existence of
infrastructural support and facilitating conditions in the UTAUT model, but because of the
increased difficulty of navigating through the process these facilitating conditions were
weakened.

Lack of information
A final barrier to the adoption of residential solar PV is the lack of information regarding
suppliers and installation companies, different PV panels, as well as how to sell electricity to
the grid (J. Palm, 2018). J. Palm (2018) states how with the expansion of the market numerous
installation companies could be chosen, some of which did not deliver on time nor meet all
regulations.

How a lack of information has formed a barrier and slowed down the adoption could be related
to the initial steps of Rogers’ (1983) model: knowledge and persuasion. Because of the unclear
information from installation companies, the time it took for households to be persuaded to
install solar panels increased.

Summary of barriers
The previous barriers to adoption of residential solar PV are summarized in table 2 below and
together with how they were identified and from what reference.
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Type Reason Reference
Financial High installation cost J. Palm & Tengvard (2011),

J. Palm (2018), Mundaca &
Samahita (2020)

Administrative Increased number of
administrative tasks. Subsidy
application, grid connection,
selling electricity

J. Palm & Tengvard (2011),
J. Palm (2018), Mundaca &
Samahita (2020)

Lack of information Lack of information regarding
suppliers and technical
proposals

J. Palm (2018)

Table 2. Barriers to adoption of residential solar PV.

2.3. Combined framework for analysis of empirical findings

The theories and models presented in chapter 2.1 have been combined into a comprehensive
framework for analyzing the current enablers to adoption of residential solar PV in Sweden. It
mainly draws inspiration from the UTAUT model but is further enhanced by insights from
Rogers’ diffusion of innovation and Pereira’s sensemaking model.

Mainly revolving around the UTAUT model by Venkatesh et al. (2003), the aspects of enablers
and barriers to residential solar PV related to its electricity production and consequences thereof
can be analyzed using the performance expectancy determinant, and therefore also the relative
advantage mentioned by Rogers (1983).

To analyze how the complexity of solar PV technology impacts the enablers and barriers to
adoption, both regarding usage and installation, the effort expectancy from the UTAUT model
can be applied. The effort expectancy and the performance expectancy can then be looked at
from a higher perspective using Rogers’ (1983) process stages as the knowledge and persuasion
stage is where the individual learns about the innovation and weighs the pros and cons.

Aspects of enablers and barriers to residential solar PV related to social norms, social pressure,
socioeconomic status, and other social factors are analyzed using the social influence
determinant by Venkatesh et al. (2003), and the adopter categorization and observability
attribute by Rogers (1983). As these factors all impact the individuals on a personal level,
Pereira’s (2002) sensemaking model is also applicable for the analysis of these aspects.
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Institutional and infrastructural support or opposition to the adoption of residential solar PV, as
well as support or opposition stemming from external factors can be analyzed using the
facilitating conditions by Venkatesh et al. (2003). These aspects are, however, also analyzed
using other elements of the framework as they can be expected to impact the enablers and
barriers to adoption from several angles. Similarly, facilitating conditions can in turn affect the
system’s performance and therefore also be applied to different aspects of the enablers and
barriers to adoption. The facilitating conditions and Rogers’ (1983) compatibility attribute can
be utilized together to analyze whether synergies and compatibilities can enable or hinder the
adoption.

Since sensemaking occurs within every adoption stage (Seligman, 2006), the sensemaking
model by Pereira (2002) is applicable to all of the mentioned aspects of solar PV, although most
notably the social ones as they are connected to how the individual adopter contextualizes and
makes sense of them. Sensemaking is thus not as specific in its application to the study, but
more so a concept to understand each enabler and barrier on a deeper and more personal level
in general.

The framework is summarized in the following table:

Aspects Theories/models applied Explanation
Electricity
production and
consequences

UTAUT model
(performance expectancy),
Diffusion of innovation
(relative advantage)

Analyzes how electricity production and its
outcomes impact adoption, focusing on
performance expectancy and relative
advantage. Connects to enablers dependent on
how much electricity is produced, e.g.
financial and environmental.

Installation and
usage

UTAUT model (effort
expectancy), Diffusion of
innovation (process stages:
knowledge and persuasion)

Examines the impact of complexity on
adoption using effort expectancy and
considers the knowledge and persuasion
stages where individuals learn about and
evaluate the innovation. Connects to
administrative barriers and a lack of
information.

Social UTAUT model (social
influence), Diffusion of
innovation (observability)

Analyzes social aspects influencing adoption
through social influence and observability.
Can be connected to several enablers and
social interactions.

Institutional and
infrastructural
support

UTAUT model (facilitating
conditions), Diffusion of
innovation (compatibility)

Evaluates how external support or opposition
impacts adoption, using facilitating conditions
and compatibility to understand synergies and
barriers. Relevant for analyzing
administrative barriers and enabling synergies
with EVs.
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General
sensemaking
across all aspects

Sensemaking model Applies sensemaking to all stages of adoption
to provide a deeper, personal understanding of
enablers and barriers.

Table 3. Combined framework for analysis of empirical findings
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3. Method
The thesis is a qualitative case study on adopters of residential solar PV in Sweden to understand
how the enablers and barriers to adoption have evolved during the past few years.

3.1. Research design

The study has used a qualitative research strategy to analyze the relationship between theory
and research and has therefore been based on data comprised of words and phrases rather than
numbers (Bell et al., 2019). A qualitative study is appropriate as the case study has aimed to
understand the diffusion of a technology involving several factors in a broad context
(Denscombe, 2017), and furthermore a qualitative research strategy is regarded as appropriate
for the investigation of individuals’ behavior (Bell et al., 2019).

The study uses an abductive approach as the data collection and interpretation, and the
theoretical work has been an iterative process where the research questions have been
reformulated and more specified as the study has proceeded (Bell et al., 2019). Abductive
reasoning is closely connected to inductive reasoning, with a difference being that inductive
reasoning means the theory is the result of the research (Bell et al., 2019). This study has instead
attempted to use theoretical frameworks to analyze the empirical findings and refine the theory
instead of generating new theories, which is a key purpose of abductive reasoning (Dubois &
Gadde, 2002).

3.2. Study context

The context of the study is solar PV adoption by Swedish households. There are two reasons
for the Swedish context being chosen. Firstly, the potential for solar PV in Sweden is estimated
to be 40 TWH/year (Andersson et al., 2021), while currently only 1.963 TWh/year is being
produced (EurObserv’ER, 2023). Regarding RETs in general, Sweden is one of the frontrunners
in Europe mainly due to large-scale hydro power, wind power, and biomass (Bergek &Mignon,
2017). Renewable energy accounted for 67% of the energy production in 2022 and 58% of the
energy consumption in 2020 (International Energy Agency, 2022)

Another reason why Sweden and residential solar PV is particularly interesting is the changes
to governmental support for the adoption of solar PV. Before 2021, a subsidy was given for the
installation of residential solar PV (Mundaca & Samahita, 2020), which has since been replaced
by a tax relief for green investments (Skatteverket, 2024).

3.3. Data collection

Data collection has been conducted in two ways. The primary data collection was done through
qualitative and semi-structured interviews. This allows for the interviews to be flexible and the
respondents to provide insights they themselves found relevant (Bell et al., 2019). The
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interviews roughly followed an interview guide, found in appendix A, to ensure the most
important information was collected, while remaining flexible to allow follow-up questions.
The interview guide was generally based on previous case studies by Bergek &Mignon (2017),
J. Palm & Tengvard (2011), and J. Palm (2018) to allow for direct comparisons between the
empirical findings and previous findings. To explore paths that had been identified during
previous interviews, the interview guide was changed as the primary data collection progressed
(Bell et al., 2019). The answers to interview questions were often ambiguous and could not be
quantified, which legitimized the choice of a qualitative study (Franzosi, 1997). Recording of
the interviews was done in all interviews as the respondents consented to being recorded. This
was valuable as not only the response itself was of interest, but also how the response was given
(Bell et al., 2019).

The respondents were identified and included in the study through a generic purposive sampling
process, as generic purposive sampling is relatively open-ended and suitable for the generation
of concepts and theory (Bell et al., 2019). The criteria that qualified an individual to be
interviewed was that the respondents must have adopted residential solar PV during 2020 or
after. The respondents were found and approached for an interview through various channels.
Some of the respondents were recommended by peers, some through social media, and some
from a previous research project which is further elaborated on in the following paragraph. In
total, eight interviews were conducted between March and May of 2024, all of them using
Microsoft Teams and lasting between 35 and 50 minutes. Out of the eight respondents, seven
were male and one was female, everyone between the ages 45 to 70.

The findings from the qualitative interviews were triangulated, meaning cross-checked with
data from another study (Bell et al., 2019), using secondary data from a previous study as part
of a research project at Chalmers University of Technology called “Public energy advising as
a policy instrument for a large-scale diffusion of solar photovoltaics – a study of the Swedish
municipal energy and climate advising”, which was financed by the Swedish Energy Agency.1

The study used a quantitative survey to collect data, and its purpose was to understand aspects
affecting the decision to adopt solar PV. The sample included households which had adopted
solar PV between 2009 and 2021 and with a response rate of 36%, 16 888 responded to the
survey. The secondary data used to triangulate empirical findings came from an analysis of 16
free-text answers where respondents to the survey could elaborate on their answers, as these
answers confirmed or contrasted some of the findings made in the primary data collection. An
example of secondary data included in the study is answers mentioning how difficult it was to
find serious suppliers. To stay within the scope of the study, only answers where it is stated that
adoption occurred in 2020 or after were included. Some of the answers fitting the criteria were
not included as those respondents were instead approached for an interview, as they had stated
they were open for follow-up discussions and submitted their contact information.

1 Link to the project page: Public energy advising as a policy instrument for large-scale diffusion of solar
photovoltaics – a study of the Swedish municipal energy and climate advising (chalmers.se)
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To separate respondents from the primary data collection and the secondary data collection, the
respondents to the qualitative interviews are referred to as A, B, C, …, while respondents to the
survey are referred to as a pure number, e.g. 133.

3.4. Data analysis

To analyze the data, a thematic analysis was conducted, where the themes or categories were
identified through analysis of data and from previous case studies on residential solar PV in
Sweden, while having a relation to the research questions (Bell et al., 2019). It is a flexible
strategy that is useful for many types of data. In the case of the study, the transcribed interviews
were coded and labeled to identify reoccurring topics and match the topics to the identified
themes. This approach was suitable as the study aimed to identify different enablers and barriers
to the adoption of residential solar PV, and by identifying reoccurring topics these factors could
be pinpointed and analyzed using the framework presented in chapter 2.3.

As mentioned, the themes were in most cases also found in the previous case studies (Bergek
& Mignon, 2017; J. Palm, 2018; J. Palm & Tengvard, 2011), but two were found during the
interviews. The themes were separated into enablers and barriers to adoption of residential solar
PV and the following themes were identified:

Table 4. Identified themes for enablers and barriers to adoption of residential solar PV

Among the enablers, the financial theme concerned topics related to financial gain, such as
reduced electricity costs, selling excess electricity to the grid, and investing in the property. The
topics within the environmental theme were mostly related to a general concern for the
environment. Social topics concern how friends and family were influenced by adopters to
follow suit and if increasing one’s social status was a reason for installing solar PV. The theme
technology interest is rather self-explanatory as respondents with interest in RETs were inclined
to install solar PV. Energy independence relates to how households wanted to be more self-
sufficient and produce their own electricity, decreasing their dependence on energy actors.
Lastly, the theme household synergies was constructed for this study to better encompass
enablers related to EVs or property characteristics and analyze them separately from the other
themes.

Enablers Barriers

Financial Financial
Environmental Administrative

Social Lack of information

Technology interest Property characteristics

Energy independence
Household synergies
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In terms of barriers, the financial theme included topics of installation and maintenance costs.
The administrative theme included topics regarding application processes and regulative
hurdles. On the theme of a lack of information, topics that were brought up concerned both a
lack of information regarding suppliers and a lack of information regarding the technical
proposals provided by suppliers. Lastly, the theme property characteristics was constructed for
this study as it was identified that the roof where the solar PV system is intended to be installed
has to, for example, not be too old or due a renovation.

As mentioned, the themes and topics were analyzed using the combined framework from
chapter 2.3. By separating residential solar PV into different aspects, for example electricity
production, the enablers and barriers are analyzed regarding how they affect each of these
aspects. They are then connected to the different elements of the theoretical models, such as
Venkatesh et al.’s (2003) performance expectancy. The aspects used for analysis were
determined based on how the determinants to adoption according to the theoretical models
influence different parts of residential solar PV. By analyzing the enablers and barriers to
adoption of residential solar PV this way, not only are the enablers and barriers understood
separately, but also how they influence each other. This provided a better understanding of the
evolution of the enablers and barriers to adoption of residential solar PV as societal changes or
external events can be connected to determinants affecting different aspects. Therefore, why
the evolution or change has occurred can be better explained.

3.5. Method discussion

During the course of the study, there were mainly two challenges needed to be handled. Initially,
the study sought to also include non-adopters as these were thought to provide more insights
into the barriers to adoption of residential solar PV. However, including non-adopters is not
unproblematic. It would require more interviews to be conducted in order for conclusions to be
drawn, which due to the time constraint was problematic. Furthermore, the previous case
studies used to identify previous enablers and barriers to adoption did not look at non-adopters,
making the comparison more difficult. Lastly, it creates the issue of what non-adopters to
include and what criteria to use for sampling. Reasonably, the criteria for interview would
involve the non-adopters to have progressed to a certain stage in the adoption process. The most
intuitive criteria would then be for the non-adopter to have received an offer from a supplier
and rejected. However, if the goal with including non-adopters is to better understand the
barriers to adoption, for example the financial barrier, it can be expected that for the non-
adopters who progressed to the decision stage the financial barrier was already to a large extent
overcome. Using this criterion would then mean that the financial barrier was not fully
encompassed either way. These several issues with including non-adopters in the study has
therefore resulted in a limited scope where barriers are seen as factors delaying or prolonging
the adoption process, not as factors completely inhibiting adoption from occurring. An
implication of this limitation is that some barriers that fully inhibits adoption of residential solar
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PV are not identified in the study. Furthermore, the financial barriers is not fully understood as
households that did not overcome the financial barrier have not been interviewed.

Another challenge was how to combine the primary and secondary data collections. As the final
number of interviews was rather low due to cancellations and time constraints, the primary data
needed to be triangulated using secondary data. While the free-text answers to the survey used
for the secondary data collection were useful, most of them were from individuals having
adopted residential solar PV pre-2020. Therefore, there was a need to filter the answers to only
include the relevant answers from adopters post-2019. This narrowed down the available
secondary data, making it quite a lot thinner. However, the secondary data left after filtering
was still highly useful and both confirmed and contrasted some of the findings from the primary
data collection. They could therefore be combined rather effortlessly.

When evaluating and establishing the quality of a qualitative study, the key criteria are
credibility, transferability, dependability, and confirmability. Credibility concerns how
trustworthy and believable the findings of the study are (Bell et al., 2019). Several measures
were taken to ensure credibility of the study. Firstly, the researcher received confirmation of
having understood the answers correctly by summarizing the answers and asking if there were
any misunderstandings. The researcher also recorded the interview to be able to hear the
answers again, while simultaneously reading the interview transcript. Lastly, the findings from
the eight interviews were given more credibility as they were triangulated by secondary data
from a quantitative survey (Bell et al., 2019).

Transferability refers how applicable the findings are to other contexts (Bell et al., 2019) and
was addressed by providing a description of the selected methodology, including the interview
guide in appendix A, the theoretical framework, and empirical findings. This enhances the
study’s transferability, as similar structures can be applied in other studies, which is crucial
given the unique context often present in qualitative research. However, a disadvantage of the
qualitative research design is the generalizability (Bell et al., 2019), although case studies have
proven a degree of analytical generalizability (Yin, 2003).

Dependability refers to the stability and consistency of the research process (Bell et al., 2019).
For dependability, the primary data collection was documented in transcriptions, leaving an
audit trail that if requested can be reviewed to understand how the conclusions were drawn.
Similarly, the data from the secondary data collection can be retrieved through the provided
project link on page 16. Furthermore, study was regularly reviewed by a supervisor, who
provided feedback and guidance to ensure the research stayed on track.

Finally, confirmability concerns how the researcher’s biases and motivations shape the study
(Bell et al., 2019). While complete objectivity is impossible, the researcher has made efforts to
act in good faith and prevent personal values from influencing the participants, in order to
ensure confirmability of the study.
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4. Empirical findings
The qualitative interviews and survey responses led to several insights concerning the current
enablers and barriers to adoption of residential solar PV. As the study has used thematic analysis
to analyze the data, the data was separated into enablers and barriers as themes. Within the
themes, the different reoccurring topics closely resembled the enablers and barriers found in
the theoretical background. For the enablers to adoption, the topics were financial,
environmental, social, technology interest, energy independence, and household synergies. As
for the barriers to adoption, the topics were financial, administrative, lack of information, and
property characteristics.

4.1. Current enablers to adoption of residential solar PV

The enablers to adoption identified in the qualitative interviews are summarized in the
following table and presented separately in their respective sections.

Enabler Reason

Financial Reduced electricity cost, sell excess
electricity, invest in property

Environmental Desire to reduce carbon footprint, general
environmental concern

Social Influenced by and having influenced others
to adopt

Technology interest Interest in RETs, previous use of solar
energy for heating water

Energy independence Generate own power, not be greatly affected
by external events

Household synergies Driving EV, southern facing roof, newly
renovated roof

Table 5. Summary of enablers to adoption of residential solar PV

Financial
The empirical findings indicate that one of the main enablers for adopting solar PV technology
is the financial benefit, as several respondents highlighted a desire for reduced energy costs and
potential revenue from selling excess electricity. For example, Respondent A installed their
solar panels in 2020 due to the shutdown of nuclear plants and an expectation on rising cost for
electricity. Following the increased cost of electricity A predicted, respondent E also chose to
invest in solar PV, primarily to reduce their electricity costs and to raise the property value.

Respondent B stated how the financial gains they could receive from the investment due to
reduced electricity costs and selling excess electricity was not a reason for the investment,
although it was nice to see the cheap electricity bill. Similarly, respondent C did not choose to
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invest in solar panels for financial gains. Instead, C emphasized how their property was a multi-
generational farm, and solar panels was a way to reinvest money into the farm for their children
and future generations. Therefore, it can be seen as a financial motive, although not as
pronounced as respondent A.

Financial topics were also found in the secondary data collection. Among others, respondent
65 mentioned how the profit of electricity production was one of two considerations they had
before adopting, the other consideration being elaborated on under the household synergies
theme.

Environmental
Respondents expressed a strong motivation to adopt solar PV driven by environmental
concerns, particularly the desire to reduce carbon footprints and contribute to a sustainable
future society. The extent of the respondents’ motivation stemming from environmental
concerns did, however, vary.While respondent A chose to invest in solar panels for the financial
gains, environmental concern was mentioned to have a minor impact on the decision. For A,
reducing the household’s carbon footprint was positive, but not crucial. This is contrasted by
respondent B, who stated that they cared less about the financial benefits but since they could
comfortably afford the investment they wanted to positively contribute to the environment.
Therefore, B was driven more by environmental concern although B stressed how they still
burn firewood and go on vacations which they know has a negative impact on pollution and
global emissions.

Environmental concern was most explicitly mentioned as the primary enabler to adoption of
residential solar PV by respondents F and G. They were both highly concerned for the future
and wanted to contribute with what they could. Respondent F further emphasized how they had
changed their lifestyle to not contribute to overconsumption, aiming to live comfortably while
still having a sustainable consumption.

Environmental concern was also identified as an enabler to adoption of residential solar PV
among the survey responses, for example by respondent 133 who stated that the environmental
benefit of solar PV was the most important factor for their household.

Social
In general, most of the respondents mentioned not being greatly influenced by others in their
adoption process. However, the majority of them mentioned how neighbors and friends had
been curious of their solar PV system and come to them for information and advice, and later
adopted residential solar PV themselves. For example, after respondent C installed their solar
panels, four others in the area as well as some friends in other areas of the country have adopted
the technology after talking to C. A similar statement was made by respondent D, where they
knew their “roof was responsible for two other systems in the area”.
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Out of all respondents, only C and G mentioned having been influenced by peers to adopt solar
PV. This shows how, although the respondents themselves were generally not socially
influenced into adopting solar PV, others in their proximity were influenced by them.
Therefore, while social influence might not have enabled adoption for most of the study’s
respondents, social influence is still an enabler to adoption.

Technology interest
Several respondents expressed fascination and interest in solar PV technology, although it was
rarely mentioned to have guided their decision to adopt residential solar PV. However, two
outliers among the respondents were identified, B and D.

Respondent B had previously installed old solar panels used for heating water in the 1990’s and
had a clear interest in technologies using solar power. B claimed that they would watch the

temperature of the water from the old solar panels and be excited when it reached above 100°C.
Similarly, B would enthusiastically follow the curve of generated electricity throughout the day
and claimed that having solar panels was fun and exciting. Respondent D also showed great
interest in the technology, having followed the technology development from the early 2000’s
while working in with environmental questions. Other respondents mentioned how they found
solar PV fascinating but made no connection to their fascination being a reason to adopt

Energy independence
From the interviews it become clear that energy independence still is an enabler to adoption of
residential solar PV, due to a desire of wanting to be less dependent on energy actors and
politicians and be less affected by external events. This was exemplified by respondent G
adopting solar panels during the summer of 2021 after Russia’s invasion of Ukraine and the
subsequent increased cost for electricity, and respondent A not agreeing with the shutdown of
nuclear plants and instead choosing to produce much of their own electricity.

Household synergies
During the data collection, it was found how synergies between residential solar PV and other
factors related to the household. To encompass these synergies, the enabler household synergies
has been constructed.

One such factor is EVs. Driving an EV was identified as an enabler to adoption in many
interviews, and it connects to several of the other identified themes. For example, respondent
C mentioned that their household has two EVs and the possibility to charge them for free with
their own produced electricity was a nice addition to the other benefits solar PV provides. This
was also mentioned by D and G, further proving how having EVs increases the financial benefit
of residential adoption solar PV, creating synergy between the systems.
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The synergy between EVs and solar PV was also seen to be connected to the environmental
enablers as both respondent C and D wanted to not only charge their EVs for free, but also
using clean energy whereby solar PV was an appealing investment. This further connects to the
theme of energy independence as C and D both explicitly stated wanting to power their vehicles
with their own energy and be less reliant on energy actors. The finding of EVs creating an
enabler to adoption of residential solar PV was also found in the secondary data, where
respondent 164 mentioned how the decision to install solar PV was made after having bought
their first EV.

Another synergy was found between residential solar PV and property characteristics. The
possibility of a great location for solar panels was stated by respondent C to have been the main
enabler to adoption. As C had a barn with no objects obscuring the sun and a south-facing roof,
the decision to invest in solar PV seemed like an easy choice and a great way to reinvest money
into the farm.

For respondent D, property characteristics served as both enabler and barrier. D’s roof was old
and to install solar panels would not be financially viable as it would have to get replaced. Once
the roof was changed, D instantly installed solar panels and adopted solar PV. Therefore,
changing the roof was the main enabler for adoption. Another enabler related to this topic was
mentioned by respondent 65. They stated how covering the south-facing roof would provide
shading during warm summer days, lowering the indoor temperature. While other respondents
have mentioned how they had an appropriate roof for the solar panels, it was generally not
mentioned as a contributing factor for the decision to adopt in their cases.

4.2. Current barriers to adoption of residential solar PV

The enablers to adoption identified in the qualitative interviews are summarized in the
following table and presented separately in their respective sections.

Barrier Reason
Financial Installation cost
Administrative Unclear regulations, contact with several

actors

Lack of information Unprofessional suppliers, misinformation
Property characteristics Unsuitable roof
Table 6. Summary of barriers to adoption of residential solar PV.

Financial
Although all respondents mentioned how installing solar panels was a significant investment,
it was generally not seen as a barrier. Many of the respondents, among others respondent C,
further explained that while the subsidy they were to receive was nice, it had no effect on the
decision to install solar panels. The investment was somewhat of a barrier for respondents E
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and G, who stated that they wanted to install solar panels earlier but chose not to as they had
other renovations to prioritize and could not justify the investment without more savings.

Administrative
As the respondents needed to contact different governmental actors and institutions in order to
get approval and connection to the grid, some time was spent during before and during the
installation process to get the system working. Respondent A mentioned how the regulations
from Energimyndigheten were unnecessarily unclear and difficult to understand, which was
supported by respondent D. However, all interview respondents stated that the administrative
barriers were not significant during their installation processes.

Contrarily, several respondents to the survey mentioned having trouble with the grid actor
Vattenfall. For example, respondent 18 mentioned how Vattenfall’s communication was poor
and respondent 96 stated how the installation of the electric meter stalled for six months,
delaying the time for the system to generate power.

Another administrative barrier could be seen during the interview with respondent B as they
mentioned how houses new neighborhood in their municipality were required to have red roofs,
meaning that solar panels are not allowed to be installed as the dark panels would block the red
tiles. Therefore, although this did not affect B who lived on the countryside, municipalities can
be seen to administratively hinder households from adopting solar PV and hence create a barrier
to adoption.

Lack of information
A lack of information from suppliers was indirectly mentioned by the majority of respondents,
with respondent A mentioning how some of the suppliers were not serious enough about the
installation and seemed more concerned with finding an easy sale. Respondent A therefore
scouted several suppliers and chose the supplier who came to the property and inspected the
roof, which gave them more credibility. Respondent D gave a similar response, where several
suppliers were scouted, one of which seemed extra professional.

During the interview with respondent C, they mentioned how even though they found little
issue regarding supplier they knew of other adopters who were not as lucky. C suspected the
other adopters had not been properly informed of how the direction and angle of the roof would
affect the electricity production and were therefore not as satisfied with their supplier and solar
PV system. A similar mention was made by respondent D, as their chosen supplier stated how
the subsidy program might be unapplicable for their system as it was to be removed. Other
suppliers D had contacted did not give this information, which could have resulted in D feeling
misled and not giving positive recommendations for others in their neighborhood.
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Property characteristics
Property characteristics being a barrier to adoption of residential solar PV was only explicitly
identified in the interview with respondent D. As mentioned, when changing the roof D
instantly installed solar panels which is why it was their main enablers. However, D also stated
how this was the main barrier to adoption as D had pondered installing solar panels already in
2005 but waited until 2020 as the roof was old and needed to be changed before installation.
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5. Analysis

This analysis integrates the empirical findings with the theoretical background using the
framework presented in chapter 2.3. To encapsulate the enablers and barriers to adoption of
residential solar PV, different aspects of residential solar PV are used as basis for the analysis.
Within these aspects, enablers and barriers take different shapes and can be connected to
elements of the theoretical models and the case studies used to identify the previous enablers
and barriers to adoption. The different aspects of residential solar PV used are electricity
production and consumption, installation and usage, social, and institutional and infrastructural
support. Last follows a subchapter on general sensemaking during the adoption process of
residential solar PV.

Electricity production and consumption was used to analyze mainly the enablers and barriers
to adoption of residential solar PV that can be connected to the performance expectancy
(Venkatesh et al., 2003) and relative advantage (Rogers, 1983), as these enablers are dependent
of the system’s output and how the electricity is utilized. The aspect of installation and usage
was instead used to analyze how the complexity (Rogers, 1983) and effort expectancy
(Venkatesh et al., 2003) influence the enablers and barriers to adoption of residential solar PV.
The social aspect of residential solar PV was mostly used to analyze the social enabler, but also
other enablers and barriers, by relating them to the social influence determinant (Venkatesh et
al., 2003), and sensemaking (Pereira, 2002). Lastly, the aspect of institutional and
infrastructural support aids in the analysis of facilitating conditions and how these influence the
enablers and barriers to adoption of residential solar PV. By analyzing these different aspects
of residential solar PV a deeper understanding of the enablers and barriers to adoption is
reached, but also an understanding of how they influence each other.

How the enablers and barriers can be connected to different aspects of residential solar PV is
illustrated in figure 2 and 3 below, where an X signifies a connection.

Figure 2. Connections between enablers to adoption of residential solar PV and aspects of residential solar PV.



29

Figure 3. Connections between barriers to adoption of residential solar PV and aspects of residential
solar PV.

5.1. Electricity production and consumption

The first aspect of residential solar PV to be analyzed is the electricity production and electricity
consumption as the performance of the system is dependent on how much electricity the system
produces and how it can be used. The financial enablers to adoption of residential solar PV
were in the empirical findings mainly connected to reduced electricity costs and potential
revenue from selling excess electricity. These enablers are directly related to how much
electricity the system produces and how much of the produced electricity is consumed,
indicating that the financial enabler is coupled to the performance expectancy (Venkatesh et al.,
2003) and relative advantage (Rogers, 1983) of residential solar PV systems.

Early studies indicated that financial benefits existed , albeit weakly, as the cost of residential
solar PV significantly decreased the financial appeal (J. Palm & Tengvard, 2011). Over time,
as installation costs decreased, the financial appeal of solar PV increased (J. Palm, 2018). This
evolution seems to have continued as financial enablers are identified to be even more
prominent now, with financial gain being a primary enabler for many interviewed households
and respondents generally stating how the installation cost was not an issue. While the
development can be partly explained by technological advancements and geopolitical changes
having made solar PV more accessible and cost-effective, other factors have been found to
further enhance the performance expectancy (Venkatesh et al., 2003) and relative advantage
(Rogers, 1983).

Producing clean energy through solar PV is not only cost-effective but also more
environmentally friendly than many other energy sources, reducing reliance on fossil fuels and
decreasing carbon footprints. Similarly to the financial enabler, the magnitude of the
environmental benefit depends on how much of the adopter’s and society’s use of fossil fuels
can be reduced using the solar PV system and is therefore also related to the system’s electricity
production and consumption. This shows how the strength of both the financial and
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environmental enablers is connected to the performance expectancy (Venkatesh et al., 2003)
and relative advantage (Rogers, 1983) of residential solar PV. Furthermore, as many households
adopted due to both financial and environmental reasons, the benefit of both financial gain and
environmental impact amplifies the relative advantage and performance expectancy of solar PV
even further.

Other enablers found in the empirical findings to enhance the performance expectancy and
relative advantage of residential solar PV are household synergies. One such synergy are the
property characteristics, such as roof orientation, size, and shading. This synergy influences the
performance expectancy and relative advantage of solar PV systems by increasing the system
output. In turn this leads to increased financial and environmental benefit as more clean energy
can be used or sold.

The other synergy found to enable adoption of residential solar PV is the synergy between EVs
and solar PV systems. It was found that EVs are a good use for the produced electricity as they
not only charge for free at home, but also reduce the overall carbon emissions. Similarly to
property characteristics, this increases the financial and environmental benefit by enhancing the
performance expectancy and relative advantage. The combination of solar PV and EVs
therefore creates a connected green energy solution, making the adoption of both technologies
more attractive. The performance expectancy and relative advantage of residential solar PV is
thus not limited to electricity production for home use but extends to sustainable transportation,
adding another dimension to the perceived benefits.

Lastly, by producing electricity through residential solar PV, adopters become less reliant on
energy actors and Sweden’s and Europe’s energy supply. Energy independence was previously
identified as an enabler to adoption of residential solar PV (Bergek & Mignon, 2017; J. Palm,
2018), and continues to be so according to the empirical findings. This enabler can be related
to the financial enablers to adoption of residential solar PV as adopters want to be less affected
by supply issues resulting in an increased cost for electricity. Therefore, the different enablers
found to increase the performance expectancy of residential solar PV can also be found to
improve adopters’ independence.

5.2. Installation and usage

The second aspect of residential solar PV to analyze is the installation and usage, and how these
aspects relate to the previous and current enablers and barriers, as well as the theoretical models.

Previous studies noted that a lack of clear information created a barrier to adoption of residential
solar PV (Bergek & Mignon, 2017; J. Palm, 2018). This barrier is still relevant as several
respondents have needed to contact multiple suppliers in order to find a professional actor, with
some actors even giving overly hopeful and potentially false information regarding system
performance to get sales. This increases the complexity of the knowledge and persuasion
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processes (Rogers, 1983), and therefore the effort expectancy (Venkatesh et al., 2003) as more
effort is required by potential adopters for a successful installation.

It is not only gathering information about suppliers and solar PV in general that requires effort.
Respondents have stated how regulations could be difficult to understand and how getting in
contact with grid actors was a slow process. These administrative barriers have also been
identified previously (J. Palm, 2018) and while some respondents mentioned how their solar
PV installer handled most of the application processes, it can still be found in many adoption
cases. The administrative barriers therefore further increase the complexity and effort required
for installation.

However, despite the effort required during the knowledge and persuasion stages, once the solar
PV system has been installed and connected, it was found to require little to no effort to produce
electricity. This enables adoption of residential solar PV, since if one is either lucky enough to
find a professional supplier or prepared to exert the required effort, the ease-of-use (Venkatesh
et al., 2003) is very high. It can therefore be said that the barriers stemming from a lack of
information and administrative hurdles negatively impact the ease-of-installation and first two
stages of the adoption process. If these barriers were to be overcome or diminished, the
complexity of residential solar PV is expected to not contribute to much resistance towards
adoption.

5.3. Social

The third aspect which is influenced by various enabler and barriers to adoption of residential
solar PV, and therefore of interest to analyze, is the social aspect. This relates to how each
household’s social status and influence can enable adoption for others in their proximity, but
also how societal norms can influence households.

While it was found in previous studies that residential solar PV was sometimes adopted as way
of increasing one’s social status and exert influence over others (J. Palm & Tengvard, 2011; J.
Palm, 2018), this was not necessarily found in the empirical data of this study. However,
although many respondents stated they had not been influenced by others to adopt solar PV, it
is clear that social influence is still an enabler to adoption as many respondents noted that their
adoption of solar PV led neighbors and friends to do the same. This finding aligns with the
social influence determinant (Venkatesh et al., 2003) and the observability attribute (Rogers,
1983), where the visible success of adopters provides credibility and encourages others to
follow suit.

The social factors are also closely linked to several other enablers of residential solar PV
adoption. With environmental concerns and climate change becoming more prominent in the
media landscape, societal pressure to adopt green technologies is enhanced. Furthermore, the
social aspect also interacts with the perceived complexity (Rogers, 1983), and performance and
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effort expectancy (Venkatesh et al., 2003) of the technology. Adopters who share their positive
experiences can demystify the technology for others, reducing perceived complexity and effort
expectancy while increasing the performance expectancy. This social learning process can
stimulate adoption, as indicated by respondents who influenced their peers through their own
adoption. However, the opposite can also be expected to be true. If an adopter has had a negative
experience with a supplier or their system in general, this can lead to others perceiving effort
expectancy and complexity to be higher, while reducing the performance expectancy. This will
then inhibit adoption of residential solar PV, stressing the importance of positive social
influence.

5.4. Institutional and infrastructural support

A final aspect of residential solar PV is the institutional and infrastructural support for the
technology. Previous studies identified the impact of policy changes and administrative barriers
on adoption (Mundaca & Samahita, 2020; J. Palm, 2018). The findings from respondents in
this study reflect some of these earlier insights, emphasizing the need for clear and supportive
regulatory frameworks to enhance the facilitating conditions (Venkatesh et al., 2003). This
would simplify the adoption process by reducing the complexity and effort expectancy
previously mentioned to negatively impact the installation of residential solar PV. However, in
this study it was also found that some aspects of institutional support are of less importance
now compared to previously. Subsidies have previously been seen as an important enabler to
adoption (Mundaca & Samahita, 2020). On the contrary, the respondents to this study stated
how the subsidy or tax relief had little to no impact on their decision. This indicates that the
facilitating condition of subsidies or tax reliefs are of less importance now, potentially due
reduced installation cost having weakened financial barrier.

Facilitating conditions are, however, still highly important for the adoption rate of residential
solar PV to increase. As mentioned, simplifying the administrative processes can reduce the
effort expectancy and complexity, making the adoption process easier to navigate and quicker.
Furthermore, while subsidies and tax reliefs are deemed less important in this study, they do
directly improve the financial attractiveness of solar PV. This can be a relevant enabler for
potential adopters with less financial resources where the expected performance of the solar PV
system on its own is not enough to justify the installation cost.

Lastly, institutional and infrastructural support for EVs, which were found to create a positive
synergy with solar PV, can in turn also facilitate adoption of residential solar PV. By supporting
the transition towards electrified transportation, the compatibility of values driving EV adoption
and solar PV adoption can reinforce each other. Furthermore, facilitating conditions that
improve the relative advantage of EVs in Sweden, such as increased cost for fossil-fuels or
zones where vehicles driven by combustion engines are banned, can potentially improve the
performance expectancy of solar PV and strengthen the enablers related to system performance.
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5.5. General sensemaking across all aspects

Throughout the adoption process and when internally assessing the aspects of residential solar
PV, adopters and potential adopters make sense of the innovation in an effort to better
understand how it could benefit them (Pereira, 2002). During this sensemaking, past
experiences influence the perception of residential solar PV and can potentially lead to a
decision to adopt. For example, it was found that a long interest in solar technology and previous
positive experiences with solar water heating systems played a significant role in the decision
to adopt solar PV for some respondents.

Furthermore, the social interactions mentioned in chapter 5.3 where neighbors and friends
asked questions about an adopter’s residential solar PV system are themselves acts of
sensemaking. As previously stated, positive experiences shared by adopters can serve as
benchmarks for others, reducing the perceived complexity and effort expectancy while
increasing the performance expectancy. This iterative process, where past experiences from
adopters inform future decisions and potential adopters, underscores the dynamic nature of solar
PV adoption and the importance of sensemaking.
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6. Discussion

In this chapter, the analysis of the enablers and barriers to adoption of residential solar PV in
Sweden is discussed in relation to the study’s purpose and research questions. Following the
implications of the study, considerations for future research is presented to emphasize relatively
unexplored areas of residential solar PV adoption.

6.1. Implications

To answer the research questions of the study and fulfill the purpose, the first research question
regarding the evolution of enablers to adoption of residential solar PV in Sweden is combined
with the third research question regarding what can explain the differences between current and
previous enablers. The second research question is answered in a similar manner.

6.1.1. Evolution of enablers to adoption of residential solar PV in Sweden

It is clear that financial and environmental enablers are still the primary enablers to adoption of
residential solar PV. Furthermore, the financial enablers have strengthened as a result of
increased electricity costs and the ability to sell excess electricity to the power grid. The
increased electricity costs have improved the performance expectancy and relative advantage
of residential solar PV and can partly be explained by Russia’s invasion of Ukraine disturbing
Europe’s energy supply and the shutdown of nuclear plants in Sweden. A new finding related
to the financial enabler of residential solar PV is that contrarily to previous studies (Mundaca
& Samahita, 2020), government policies such as subsidies and tax reliefs have not had much
influence in the adoption decision. Regarding the environmental enabler, climate change has
grown more apparent and environmental consciousness in Sweden has increased. This is
suspected to have strengthened the environmental enabler to adoption of residential solar PV
as the relative advantage of solar PV and RETs compared to non-renewable and non-sustainable
energy sources grows.

Furthermore, these two enablers have been enhanced by a new enabler: the synergy between
residential solar PV and EVs. By having residential solar PV, EVs can be charged for free at
home, maximizing the system use. This increases the relative advantage of residential solar PV
further and strengthens both the financial and environmental enablers as it is both cost-efficient
to charge at home and the environmental values connected to having both residential solar PV
and EVs are compatible.

The social enablers are deeply intertwined with the increased environmental awareness and
while this study found few respondents to have been influenced by peers in their decision to
adopt, society’s increased pressure on sustainability can be assumed to have influenced the
adoption of residential solar PV, as well as other RETs. It was also found that social influence
is an enabler as several respondents saw peers adopting residential solar PV after seeing their
successful implementation. This finding shows the importance of observability for adoption as
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the solar panels being visible stimulated discussion and learning about the technology. During
these discussions in the knowledge and persuasion stage, sensemaking allows potential adopters
to contextualize residential solar PV and create their own perceptions about the technology,
further emphasizing the individual beliefs and values in the adoption process.

Technology interest as an enabler to adoption of residential solar PV, while prevalent, was not
identified to have a great influence on the adoption rate. This can indicate how technology
interest becomes less important as adoption continues, in line with Rogers’ (1983) notion of
later adopters having less technology interest than early adopters and innovators. However, this
study has not evaluated what adopter categories the current adopters of residential solar PV
belong to, and a definitive conclusion is therefore not possible.

The enabler of energy independence, while separate, is also deeply connected to other enablers.
By having both residential solar PV and EVs, households can become less reliant on fossil fuels
and energy actors. This is also found to be a relative advantage of residential solar PV, further
enhancing the performance expectancy. Becoming less reliant on centralized energy production
has also been shown to enable adoption of residential solar PV after Russia’s invasion, arching
back to the discussion of financial enablers.

6.1.2. Evolution of barriers to adoption of residential solar PV in Sweden

Regarding the evolution of barriers to adoption of residential solar PV, many similarities can
be found between the findings of this study and previous studies. Lack of information, which
was identified by both Bergek & Mignon (2017) and J. Palm (2018), still delays adoption as
potential adopters need to scout for professional suppliers which increases the effort expectancy
on adoption of residential solar PV. Administrative hurdles were also identified by both Bergek
& Mignon (2017) and J. Palm (2018) and can still be found as a barrier delaying the adoption
of residential solar PV. Confusing regulations and several application processes for the system
to be fully operational increases the complexity and effort expectancy of adoption of residential
solar PV further. This can be mitigated by improving the facilitating conditions with better
institutional support to simplify the installation and application processes.

A barrier not mentioned in the previous case studies (Bergek & Mignon, 2017; Mundaca &
Samahita, 2020; J. Palm & Tengvard, 2011; J. Palm, 2018) is how the property characteristics
can impede adoption. If the roof’s state or orientation is sub-optimal for residential solar PV,
the relative advantage diminishes and lowers the performance expectancy. In turn, this
negatively impacts the enablers to adoption related to system performance and hinders
adoption. Although this barrier can be assumed to have hindered adoption also previously, it
shows how residential solar PV is not a solution for all households.

Lastly, J. Palm (2018) noted how the financial aspect of residential solar PV had slightly shifted
from being a barrier to an enabler to adoption. This study confirms the finding and concludes
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that the evolution has continued in the same direction. As a result of decreased cost, the financial
barrier has weakened, further enhancing the relative advantage of residential solar PV, and
subsidies or tax reliefs appear to no longer significantly impact the adoption decision.

6.2. Considerations for future research

This study has not quantitatively evaluated the significance of the various enablers and barriers
to adoption of residential solar PV. It could therefore be of interest for future research to
measure how influential these enablers and barriers are, to provide an even deeper
understanding of what drives or hinders the adoption of residential solar PV. Furthermore, it is
of interest to better understand where in the adoption curve residential solar PV in Sweden is
situated, as it could lead to better predictions of future adoption rate and lead to more targeted
efforts aiming to increase adoption.
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7. Conclusions

The purpose of the study was to understand how the enablers and barriers to adoption of
residential solar PV systems for Swedish households have evolved since 2018 and what has led
to the changes. To fulfill the purpose, a qualitative case study has been conducted where
empirical findings of the study have been compared to findings from previous case studies and
connected to three different theoretical models for innovation adoption. To gain insights
regarding the current enablers to adoption of residential solar PV in Sweden, interviews have
been conducted with households who adopted the technology between 2020 and 2024 and
triangulated using secondary data from free-text answers to a survey on residential solar PV.
This led to the following three research questions being answered: “How have the enablers to
adoption of residential solar PV in Sweden evolved since 2018?”, ”How have the barriers to
adoption of residential solar PV in Sweden evolved since 2018?”, and “What can explain the
differences between the current and previous enablers and barriers to adoption of residential
solar PV in Sweden?”.

It has been concluded that financial and environmental enablers to adoption of residential solar
PV are still primary, with financial enablers being enhanced by increasing electricity costs.
Furthermore, the synergy between residential solar PV and EVs has been found to increase the
value of residential solar PV, as it increases the relative advantage of the technology. Connected
to these enablers, energy independence has become increasingly desirable as a result of unstable
energy supply and increasing electricity costs. Simultaneously, technology interest appears to
be a weaker, yet still present, enabler to adoption. Overarching these enablers, social
interactions and the shift in societal norms toward sustainability have increased environmental
awareness and enabled further adoption of residential solar PV in Sweden. It has also been
shown how the enablers to adoption of residential solar PV are interdependent and can influence
each other in different ways, for example by household synergies increasing the financial and
environmental benefit and strengthening the financial and environmental enablers.

The barriers to adoption of residential solar PV in Sweden remain largely the same as
previously, although the financial barrier has weakened due to decreased installation costs. This
has led to subsidies and tax reliefs becoming less important for potential adopters with enough
financial resources to justify the investment. A lack of information and administrative barriers
are still present and increase the complexity and effort required to install solar PV for Swedish
households. Better institutional support through clearer communication regarding regulations
and solar PV system performance can reduce these barriers by simplifying the adoption process.

The study has thus provided insights as to why households adopt residential solar PV and how
the adoption process can be impeded by different barriers. This increases the understanding of
why adoption of residential solar PV in Sweden has occurred in the past six years, and the
problems adopters have faced.



38

References
Abbas, M., Zhang, Y., Koura, Y. H., Su, Y., & Iqbal, W. (2022). The dynamics of renewable

energy diffusion considering adoption delay. Sustainable Production and Consumption,
30, 387–395. https://doi.org/10.1016/J.SPC.2021.12.012

Aizen, I. (1991). The Theory of Planned Behavior. In Organizational behavior and human
decision processes (Vol. 50, pp. 179–211).

Andersson, J., Hellsmark, H., & Sandén, B. (2021). Photovoltaics in Sweden – Success or
failure? Renewable and Sustainable Energy Reviews, 143, 110894.
https://doi.org/10.1016/J.RSER.2021.110894

Ayaz, A., & Yanartaş, M. (2020). An analysis on the unified theory of acceptance and use of
technology theory (UTAUT): Acceptance of electronic document management system
(EDMS). Computers in Human Behavior Reports, 2, 100032.
https://doi.org/10.1016/J.CHBR.2020.100032

Bandara, U. C., & Amarasena, T. S. M. (2018). Impact of Relative Advantage, Perceived
Behavioural Control and Perceived Ease of Use on Intention to Adopt with Solar Energy
Technology in Sri Lanka. 2018 International Conference and Utility Exhibition on
Green Energy for Sustainable Development (ICUE), 1–9.
https://doi.org/10.23919/ICUE-GESD.2018.8635706

Bao, Q., Sinitskaya, E., Gomez, K. J., MacDonald, E. F., & Yang, M. C. (2020). A human-
centered design approach to evaluating factors in residential solar PV adoption: A survey
of homeowners in California and Massachusetts. Renewable Energy, 151, 503–513.
https://doi.org/10.1016/J.RENENE.2019.11.047

Bell, E., Bryman, A., & Harley, B. (2019). Business research methods.
Bergek, A., & Mignon, I. (2017). Motives to adopt renewable electricity technologies:

Evidence from Sweden. Energy Policy, 106, 547–559.
https://doi.org/10.1016/j.enpol.2017.04.016

Briscoe, E., Trewhitt, E., & Hutto, C. J. (2011). Closing the Micro-Macro Divide in
ModelingTechnology Adoption.
https://www.researchgate.net/publication/264892963_Closing_the_Micro-
Macro_Divide_in_Modeling_Technology_Adoption

Busch, H., & Hansen, T. (2021). Building communities in times of crisis - Impacts of the
COVID-19 pandemic on the work of transition intermediaries in the energy sector.
Energy Research & Social Science, 75, 102020.
https://doi.org/10.1016/J.ERSS.2021.102020

Davis, F. D. (1989). Perceived Usefulness Perceived Ease of Use, and User Acceptance of
Information Technology. MIS Quarterly, 13(3), 319–340.

Denscombe, M. (2017). The good research guide : For small-scale social research projects.
Open University Press.

Dubois, A., & Gadde, L.-E. (2002). Systematic combination: an abductive approach to case
research. In Journal of Business Research (Vol. 55).

EurObserv’ER. (2023). Photovoltaic Barometer.
European Council. (2024, January 15). Impact of Russia’s invasion of Ukraine on the

markets: EU response. https://www.consilium.europa.eu/en/policies/eu-response-
ukraine-invasion/impact-of-russia-s-invasion-of-ukraine-on-the-markets-eu-response/

Franzosi, R. (1997). Comment: On Ambiguity and Rhetoric in (Social) Science. Sociological
Methodology, 27(1), 135–144. https://doi.org/10.1111/1467-9531.271022



39

García‐Avilés, J. A. (2020). Diffusion of Innovation. In The International Encyclopedia of
Media Psychology (pp. 1–8). Wiley. https://doi.org/10.1002/9781119011071.iemp0137

Hall, G. E., Loucks, S. F., Rutherford, W. L., & Newlove, B. W. (1975). Levels of Use of the
Innovation: A Framework for Analyzing Innovation Adoption. Journal of Teacher
Education, 26(1), 52–56. https://doi.org/10.1177/002248717502600114

Hollweck, T. (2015). Robert K. Yin. (2014). Case Study Research Design and Methods (5th
ed.). Canadian Journal of Program Evaluation, 30(1), 108–110.
https://doi.org/10.3138/cjpe.30.1.108

Holmberg, P., & Tangerås, T. P. (2022). The Swedish electricity market – today and in the
future.

Internation Energy Agency. (2022). Technology cost trends for solar PV module, 2015-2021.
https://www.iea.org/data-and-statistics/charts/technology-cost-trends-for-solar-pv-
module-2015-2021

International Energy Agency. (n.d.). Solar PV. Retrieved May 30, 2024, from
https://www.iea.org/energy-system/renewables/solar-pv

International Energy Agency. (2022). Energy System of Sweden.
Jager, W. (2006). Stimulating the diffusion of photovoltaic systems: A behavioural

perspective. Energy Policy, 34(14), 1935–1943.
https://doi.org/10.1016/J.ENPOL.2004.12.022

Karjalainen, S., & Ahvenniemi, H. (2019). Pleasure is the profit - The adoption of solar PV
systems by households in Finland. Renewable Energy, 133, 44–52.
https://doi.org/10.1016/J.RENENE.2018.10.011

Konsumenternas energimarknadsbyrå. (n.d.). Månadspriser på elbörsen mellan 1996 och
2023.

Lyytinen, K., & Damsgaard, J. (2001). What’s Wrong with the diffusion of innovation theory?
The case of a complex and networked technology.

Mignon, I., & Bergek, A. (2016). System- and actor-level challenges for diffusion of
renewable electricity technologies: an international comparison. Journal of Cleaner
Production, 128, 105–115. https://doi.org/10.1016/J.JCLEPRO.2015.09.048

Mundaca, L., & Samahita, M. (2020). What drives home solar PV uptake? Subsidies, peer
effects and visibility in Sweden. Energy Research & Social Science, 60, 101319.
https://doi.org/10.1016/J.ERSS.2019.101319

Negro, S. O., Alkemade, F., & Hekkert, M. P. (2012). Why does renewable energy diffuse so
slowly? A review of innovation system problems. Renewable and Sustainable Energy
Reviews, 16(6), 3836–3846. https://doi.org/10.1016/J.RSER.2012.03.043

Palm, A., & Lantz, B. (2020). Information dissemination and residential solar PV adoption
rates: The effect of an information campaign in Sweden. Energy Policy, 142, 111540.
https://doi.org/10.1016/J.ENPOL.2020.111540

Palm, J. (2018). Household installation of solar panels – Motives and barriers in a 10-year
perspective. Energy Policy, 113, 1–8. https://doi.org/10.1016/j.enpol.2017.10.047

Palm, J., & Tengvard, M. (2011). Motives for and barriers to household adoption of small-
scale production of electricity: examples from Sweden.
http://sspp.proquest.com/http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-68661

Pereira, R. E. (2002). An adopter-centered approach to understanding adoption of
innovations. European Journal of Innovation Management, 5(1), 40–49.
https://doi.org/10.1108/14601060210415162

PFM Research. (2018). The public’s views on climate 2018.



40

Polyviou, A., Pouloudi, N., & Venters, W. (2023). Cloud computing adoption decision-
making process: a sensemaking analysis. Information Technology & People.
https://doi.org/10.1108/ITP-02-2022-0139

Qureshi, T. M., Ullah, K., & Arentsen, M. J. (2017). Factors responsible for solar PV
adoption at household level: A case of Lahore, Pakistan. Renewable and Sustainable
Energy Reviews, 78, 754–763. https://doi.org/10.1016/J.RSER.2017.04.020

Raven, R., Reynolds, D., Lane, R., Lindsay, J., Kronsell, A., & Arunachalam, D. (2021).
Households in sustainability transitions: a systematic review and new research avenues.
Environmental Innovation and Societal Transitions, 40, 87–107.
https://doi.org/10.1016/j.eist.2021.06.005

Ruokamo, E., Laukkanen, M., Karhinen, S., Kopsakangas-Savolainen, M., & Svento, R.
(2023). Innovators, followers and laggards in home solar PV: Factors driving diffusion in
Finland. Energy Research & Social Science, 102, 103183.
https://doi.org/10.1016/J.ERSS.2023.103183

Sahin, I. (2006). Detailed review of Rogers’ diffusion of innovations theory and educational
technology-related studies based on Rogers’ theory. Turkish Online Journal of
Educational Technology, 5(2), 14–23.

Seligman, L. (2006). Sensemaking throughout adoption and the innovation‐decision process.
European Journal of Innovation Management, 9(1), 108–120.
https://doi.org/10.1108/14601060610640050

Statens energimyndighet. (2023). Scenarier över Sveriges energisystem 2023.
Taylor, C., Spacco, J., Bunde, D. P., Zeume, T., Butler, Z., Barnas, M., Bort, H., Maiorana,

F., & Hovey, C. L. (2018). Promoting the adoption of educational innovations.
Proceedings of the 23rd Annual ACM Conference on Innovation and Technology in
Computer Science Education, 368–368. https://doi.org/10.1145/3197091.3205847

Trafikanalys. (2024). Fordon i län och kommuner.
United Nations. (n.d.). What Is Climate Change? Retrieved May 30, 2024, from

https://www.un.org/en/climatechange/what-is-climate-change
Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User Acceptance of

Information Technology: Toward a Unified View. In Quarterly (Vol. 27, Issue 3).
Weick, K. E. (1995). Sensemaking in organizations. Sage Publications Inc.
World Meteorological Organization. (2021). WMO Atlas of Mortality and Economic Losses

from Weather, Climate and Water Extremes (1970–2019). In WMO (Vol. 1267). World
Meteorological Organization.

Yin, R. K. (2003). Case study research design and methods (L. Bickman & D. J. Rog, Eds.;
3rd ed., Vol. 5). Sage Publications.



41

Appendix A

The interview guide for the semi-structured interviews is presented below.

Background information

When did you install your solar panels?

When did you start thinking about installing solar panels?

- What is the reason for the gap between thinking about installing and installing?

Why did you start thinking about installing solar panels?

Had anyone you know installed solar panels before you?

Positive factors

What were the most important factors leading to your decision to install solar panels?

- How did financial aspects influence your decision and what considerations did you

have?

- How did environmental aspects influence your decision?

- Did any recent events or changes influence your decision?

Did any specific incentives influence your decision?

- How important was the subsidy or tax relief for your decision?

Have you experienced any positive results from your installation and how have you shared

this with others?

Negative factors

Was there anything that made you feel uncertain of installing solar panels and why?

- How did the cost of the system influence your thought process?

- Did discussions with other solar panel owners make you hesitant and if so, how?

Were there any delays to the installation process and if so, why?

- What was your experience with regulations, applications, and various actors?

Have you experienced any problems with your solar panels that you have discussed with

others?

Additional comments

Is there anything you would like to add which has not been discussed in this interview?

Table A. Interview guide used as basis for semi-structured interviews.



42



43

DEPARTMENT OF TECHNOLOGYMANAGEMENT AND ECONOMICS
DIVISION OF INNOVATION AND R&DMANAGEMENT
CHALMERS UNIVERSITY OF TECHNOLOGY

Gothenburg, Sweden
www.chalmers.se


