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Abstract: The energy sector is in transition to a flexible and sustainable energy system based on
renewable energy sources. This complex transition is affecting multiple levels in the sociotechnical
system. One driver of the transition is climate change that enforces the policy push from the
macro level to change the way energy is produced, delivered, and used. As part of the energy
system evolution, the role of the end user in the energy sector is undergoing profound changes, and
consumers are increasingly being empowered to participate actively in the production and use of
energy. This article investigates how policies might affect consumers’ interests in becoming prosumers
of energy. We explore consumers’ attitudes toward using renewable energy technologies (RET) by
means of an empirical consumer survey that was conducted in five European countries. The partial
least squares structural equation modeling (PLS-SEM) method was utilized to analyze the survey
results. Our findings suggest that both economic and non-economic policies affect consumer attitudes
toward using renewable energy technologies. We conclude that policies have different effects on
consumers and prosumers, who have already made the decision to adopt renewable energy solutions.
Based on the findings, we propose a set of policy and managerial implications.

Keywords: energy policy; diffusion; technology acceptance model; prosumer; consumer; renewable
energy technology; PLS-SEM

1. Introduction

The main drivers of the transformation in the energy system are the requirement for better
energy efficiency due to the ever-increasing demand for energy and the need to increase the use of
renewable energy sources because of climate change and the shortage of traditional energy resources [1].
For example, the demand for electricity is expected to increase globally by 80% between 2012
and 2040 [2], which demonstrates the importance of putting energy efficiency on the agendas of
governments and policy makers. To meet the growing demand for energy and comply with ecological
and economic demands, the structure of the energy market is slowly moving centralized system to
a more interactive and decentralized model in which consumers may also play a role as prosumers,
that is, as producers and consumers of energy. Furthermore, the roles of the incumbent actors in the
energy regime are changing, and new actors are entering the energy market from other industries.

In conjunction with the gradual change in energy production and consumption is the emergence of
new technological solutions and business models. Widespread digitalization and industry convergence
have created an open network of actors, information, and technology. The integration of the Internet
of Things (IoT) into the power grid has led to completely new possibilities for managing the energy
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system. As a result, the Internet of Energy (IoE) allows real-time data to be collected, transferred,
stored, analyzed, and monitored on multiple levels of the energy system, which has opened a range of
opportunities to utilize energy production and consumption information.

The transition in the energy industry is complex, and it affects many levels of society. The focus of
energy generation is moving from centralized fossil fuel-based power plants toward renewable energy
source (RES)-based distributed energy resources (DER). To fulfill its efficiency and sustainability goals,
the energy ecosystem will need a dynamic prosumer base to participate in the implementation of
the DER as well as to provide flexibility in the grid through demand response (DR). In the energy
market, prosumers are seen as niche actors that are potential catalysts of the changing energy system.
A frequently used example of an energy prosumer is a household that produces all or part of its energy
by using solar panels (solar photovoltaic (PV)) or other renewable energy technology (RET). Although
there are many opportunities for consumers to participate actively in the energy markets, many have
not yet done so. Moreover, although there is a consensus among policy makers and industry experts
that renewable energy solutions should be self-reliant and independent of subsidies in the long run,
it is also widely accepted that the diffusion of pro-environmental technologies requires policy support
in the early phase of the market. Hence, policy makers around the world are designing policies to
remove some of the barriers that are assumed to slow down the consumers’ adoption of renewable
energy technologies.

The main objective of this research is to evaluate how policies affect consumers’ willingness to
adopt renewable energy technology-based products and services. Our goal is to evaluate the effects
of economic and non-economic policies on consumers’ attitudes toward adopting renewable energy
technology solutions. The remainder of this paper is structured as follows: Section 2 provides a review
of the literature on the theoretical background of the study; Section 3 introduces the conceptual model
and the core constructs used in the analysis; Section 4 outlines the data collection and the analysis;
Section 5 summarizes the results; Section 6 discusses the findings and their implications for policy and
management; and Section 7 concludes the paper.

2. Theoretical Background

2.1. Energy Prosumers, Renewable Energy Technology and the Barriers to Adopting

The concept of a prosumer was first developed by Alvin Toffler, author of The Third Wave [3].
Since then, the concept has been defined further by others (e.g., [4]), especially in the context of
mass-customization, marketing and media. In the energy field, the definition of a prosumer simply
refers to prosumers as consumers who also produce, sell, trade, or store energy [5]. When a more
specific definition is required, the use of smart appliances, communication technologies, electric
vehicles (EVs) and battery storage capacities for flexible services are included in the definition [6].
In effect, the act of prosuming changes the consumer from merely a reactive end customer to being an
active participant in the energy system. At best, prosumers have the potential to create added value
not only for themselves but also for the various parties in the energy sector, such as their neighbors,
utilities, other energy industry actors, and even society at large.

Some definitions of energy prosumers emphasize different aspects of the prosumer’s involvement
in the energy field [7]. A technical approach links prosumers to plug-in electric vehicles (EV), energy
technologies, automation, and smart buildings. Furthermore, in the social approach to prosuming,
the following aspects are often highlighted: prosumers can form energy communities or virtual
power plants (VPPs), in which they share or trade energy and thus increase the importance of DER.
Prosumers can also be seen as co-creators of innovation through giving feedback, lead-testing products,
and participating in co-development [8,9]. Utilities are focusing on extending the DR from industrial
customers to households. In this scenario, prosumers could be EV owners with a vehicle-to-grid (V2G)
connection [10] that allows them to offer their batteries for balancing loads during peak hours [11].
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The concept of RET is broad, and the term is used freely according to the context. Energy
prosumers are associated mainly with electricity, but in some cases they are also associated with
heating and transport [12]. For example, energy prosumers could use the following technologies:
solar photovoltaics (PV), micro wind energy, geothermal energy, small scale combined heat and
power (CHP; e.g., biogas), and hydropower. In this research, we refer to RET as a technology, product,
or service that enables or supports the use of renewable energy sources (RES) at the household level.
The RET technologies that are relevant in our research include: electricity and heating systems based
on solar PV, wind turbines and geothermal heat pumps, smart meters, energy monitoring devices
and applications, and EVs with battery storage. RET technologies enable consumers to self-produce
energy, store energy, sell or share energy as well as monitor and adapt their energy production and
consumption. Most RET solutions require the availability of a smart grid technology that enables
two-way information and energy flows between production and consumption.

Although there would be multiple rational benefits for consumers to use RET, its diffusion is
still in the early market phase. Potential barriers to adopting solar PV are sociotechnical, economic,
management related, and policy related [13]. The sociotechnical issues related to adoption are related
to concerns about quality and the lack of knowledge of benefits. The perceived complexity of the RET
system may have a large impact on adoption [14]. Similarly, concerns about technological maturity,
efficiency, and safety can reduce the interest in adopting RET. Risks related to data privacy and security
are relevant in smart grids that generate and transfer large amounts of user data. In general, because
of the lack of awareness of its benefits, the adoption of RET has been given low priority. Moreover,
the optimal RET system requires several components: a smart meter, a solar PV or other energy
production system, an energy monitor, an Internet connection, a business agreement with a utility
company, and so on. However, to date, turnkey solutions for RET have developed slowly, which adds
to the complexity of acquiring RET. Economic barriers to the adoption of RET are often related to the
relatively high investment that is required. For example, in some countries, as many as 15–20 years
are required to pay back the investment. In addition, the operational costs of RET are not understood
or are difficult to calculate by consumers. Because RET systems are generally not profitable without
policy support in the early phase, supporting policies are vital tools for the diffusion of RET (e.g., [15]).

2.2. Sustainability Transition of the Energy Markets and the Need for Policy Support

Recent developments in the energy sector, especially in developed countries, indicate that the
energy system is evolving into an open, flexible, and sustainable system in which new actors and
new business models could flourish. This sociotechnical transition, however, is complex and requires
the right windows of opportunity for novel operating modes to emerge and sustain. The multi-level
perspective (MLP) [16] suggests that in sustainability, transitions pressure is needed on both the
macro-level and the micro-level (i.e., the niche markets), to facilitate changes in the energy regime,
which currently aims to remain stable and unchanged. Indeed, energy prosumers can be seen as
emerging niche actors whose role is evolving in synchronicity with the rest of the energy industry.

Can and will the prosumer base grow and become a meaningful entity in the future energy system?
The role of consumers has been widely acknowledged to be significant in mitigating climate change.
Moreover, policy support is a critical accelerator of sustainability transformations. Governments have
introduced policy measures to support the adoption of environmentally sustainable solutions that are
based on RES and can help in reducing carbon emissions. However, in some cases, the policy incentives
are not sufficient. Furthermore, many governments still use subvention to support fossil fuel-based
energy use, which can make investments in RES a less attractive option. Policy makers and industry
experts agree that macro-level policies in the form of incentives, taxation schemes, and legislative
enablers are needed to boost consumers’ adoption in the early phases of the diffusion of environmental
innovations. Environmental policy instruments (EPI) have been introduced to complement traditional
regulations to achieve environmental goals. Basic public policy instruments can be divided into
regulatory instruments, financial instruments, and information transfer (e.g., [17]). Their level of
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coerciveness is often used to categorize the policies (e.g., [18]). Coerciveness is determined by the ways
in which the instrument is designed, implemented, and enforced [19]. EPIs can be categorized in several
ways. For example, the OECD [20] has used the following categorization: command-and-control,
economic instruments, liability and damage compensation, education and information, voluntary
approaches, and management and planning. A simpler classification of EPIs refers to them as “market
based” and “command-and-control”, or “economic” and “non-economic”. In this article, we use the
latter categorization.

Economic instruments can be effective in promoting desired activities. For example, they have been
useful in strengthening market-based drivers to reduce carbon emissions [17]. Economic instruments
can be also used to discourage unwanted activities, such as polluting. Examples of economic
policies are emission trading schemes, public investments, tax credits, public funding, and subsidies.
Economic policy instruments have been found to create lock-ins and path dependencies for technologies.
For instance, fossil fuel-based power generation is still widely subsidized because of its importance in
economic growth that is often dependent on low-cost energy [21,22].

Non-economic instruments include the command-and-control and soft instruments. Command
-and-control instruments are used to support the emergence of the right market conditions for
innovative products and services. They include regulations such as carbon emission restrictions,
technology and performance standards, feed-in tariffs, and tradable certifications [23]. They also
typically impose sanctions in cases where the policies are not followed. Regulation can be efficient in
steering toward the desired outcomes, but it has also proven to be resource intensive [24]. Furthermore,
although regulations are aimed at all actors, in practice, smaller players with fewer resources and
less ability to fight bureaucracy may not be able to benefit from them, which can apply especially to
consumers’ possibilities to expand their role in the energy sector. Soft instruments include information
campaigns, environmental labeling, and voluntary actions. In particular, information tools can be
effective in shaping public opinion and in boosting the acceptance of new environmentally friendly
solutions [17]. Information tools and building awareness in general play an important role in
technology diffusion [25,26].

The policies are also relevant from a sociotechnical viewpoint: most of the command-and-control
policies are driven from the macro-level. EU directives, for instance, are meant to influence the system
from the top down, whereas innovative voluntary approaches and self-regulation can emerge from the
bottom up at the micro-level. Several macro-level policy instruments regulate the possibilities of DR
and microgeneration [22,24].

2.3. Diffusion of Innovations

To fully harness the potential of the emerging energy system to be sustainable, there is an urgent need
to accelerate the adoption of RES among consumers. The diffusion of innovation (DOI), or innovation
diffusion theory (IDT), was first introduced by Rogers [27], who explained the process of innovation
adoption over time. A new technology or an innovation is adopted by categories of adopters in
a temporal sequence. These adopter categories are as follows: Innovators, Early Adopters, Early
Majority, Late Majority, and Laggards [27]. The early market, including innovators and early adopters,
adopts the innovation first and the subsequent adopter groups follow. Most innovations fail to cross
“the chasm” [28] between the early and the late markets. Special characteristics are related to the diffusion
of pro-environmental innovations: consumers may be willing to pay more for environmental innovations;
there is a need for policy support in the early phases; and a behavioral change is often required.

According to the IDT, the consumers’ acceptance of a new technology takes place in different
stages: knowledge, persuasion, decision, implementation, and confirmation. We are especially
interested in the persuasion and the decision stages, that is, whether the consumer will adopt or
reject RET. The five factors [29] related to the persuasion characteristic in adopting a new technology
are relative advantage, compatibility, complexity, trialability, and observability. The factor of relative
advantage refers to the net benefits of a new technology or innovation. The perceived costs of adopting
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an innovative product may decrease the relative advantage. These costs include financial costs
and risks, concerns about complexity, and the lack of expected functionality. Concerns about data
privacy and energy security may be relevant to energy prosumers and might affect the perceived
relative advantage of RET [30]. Benefits related to RET can include savings in energy costs, trophy
value, increased awareness of energy consumption, and so on. The economic benefits of RET
often materialize over time, which has been found to decrease consumers’ interests in adopting
PV, for example [31]. The environmental benefits of RET have been studied extensively in the context
of technology acceptance and adoption; for example, environmental reasons have been the basis of
the main arguments to the usage of smart metering [32,33]. The factor of compatibility refers to how
well the new technology fits with the consumer’s existing way of living. In cases where the adoption
of RET requires changing behavior, the interest may decrease especially if the individual is a late
market adopter [29]. A well-known motivation for consumers to change their behavior is a price
incentive, which is often induced by policy instruments [34]. Complexity can affect the willingness
to adopt; products that are perceived as complex commonly have longer diffusion times than those
that appear to be easy to use [29]. Early adopters, who often are technology enthusiasts, are usually
not concerned about complexity, whereas mass-market users expect ease of use [29]. The factor of
trialability relates to the ability to test the innovation in a risk-free setting at minimal cost. For example,
the availability of an option to lease may lower the threshold for adopting a new technology. Trialability
is particularly important for early market users who are interested in trying new technologies and
giving feedback [29]. Observability is an important factor for late market adopters, who often rely on
the recommendations of the peers in their social circles [29].

2.4. Technology Adoption Models

Energy prosumers often need to make considerable financial investments in RET. These initial
investment costs and the expected long period before return on investment is realized in the current
energy sector undeniably influences consumers’ decision-making, such as in relation to solar PV
equipment. However, some RET products do not have a significant cost attached. Several other
aspects in addition to financial considerations affect consumers’ willingness to become active in
adopting new energy solutions. The research on active consumers and consumer decision-making
is thus multi-disciplinary, and research approaches encompass as least rational economic models
(i.e., the consumer or prosumer as a “Homo economicus”), behavioral economics, sociology, psychology,
and technology adoption and diffusion models. The IDT is one approach to understanding consumers’
adoption of energy technologies. Traditional economics considers that consumers rationally optimize
their benefits with the resources available. However, the rational approach has been proven to be
a great oversimplification of a complex topic [35]. Environmentally sustainable behavior may require
additional efforts (e.g., recycling and using public transportation) and behavioral adaptation (energy
conservation, energy production, and using EVs). Thus, the complexity of behavioral change related
to the consumer decision-making process is widely acknowledged in the literature. The motivation to
invest in the self-production of energy is a popular research theme. For example, Balcombe et al. [36]
conducted a study on microgeneration adoption and categorized the motivation factors as finance,
the environment, security of supply, uncertainty and trust, inconvenience, and impact on residence.
Intrinsic and extrinsic motivations [37] have been linked to the adoption of new technologies.
The psychological research on consumers’ decision-making related to energy and environmental
innovations has focused on the value-belief-norm (VBN) theory [38]. Fishbein and Ajzen’s theory of
reasoned action (TRA) [39] and Ajzen’s theory of planned behavior (TPB) [40] have been used in the
sociological approach. The TRA and TPB models are central in understanding pro-environmental
behavior. Both theories link beliefs, attitudes, perceptions, and subjective norms to intentions that
predict actual behavior. The technology acceptance model (TAM) [14,41] and its extensions are based
on the same logic; the perceived usefulness and perceived ease of use lead to an attitude toward using
something that can predict intentions to use a new technology and an entirely new system.
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The original TAM, which was developed by Davis [14], is depicted in Figure 1. The model has
six key elements: external factors, perceived ease of use, perceived usefulness, attitude toward using,
behavioral intention to use and actual use of the system. Perceived ease of use affects both the perceived
usefulness and the attitude toward use. Perceived usefulness also affects the behavioral intention to use,
which ultimately influences the actual use of the system. The TAM model shares several similarities
with the IDT, and it has been used widely in modeling technology acceptance in various types of
information systems (IS) (e.g., [42–45]) and in other fields, such as health technologies [46]. Recently,
the TAM and its modifications have been increasingly used in energy and sustainability related studies
(e.g., [31,47–49]). The TAM was further developed by Venkatesh et al. [50] into a broader model, which
includes social influence and other factors that were not included in the original TAM. Although
widely used in research, the technology adoption models have also been criticized as there is evidence
that the consumers’ pro-environmental attitudes may not be a strong determinant of their actual
intentions; several studies have identified gaps between attitudes, intentions and behavior [51–54].
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3. Conceptual Model

Our research aims to understand how policy influences the evolution of consumers into prosumers.
We approach this aim by seeking to answer the following research questions (RQ):

RQ1: Does policy influence consumer attitudes toward using renewable energy technologies?
RQ2: How do economic or non-economic policies affect consumers’ attitude to adopt?

We use the TAM and the IDT and to some extent the TRA as the theoretical basis of this research.
These theories have been rigorously tested and proven to work in the context of high technology,
in which RET fits perfectly even through to our knowledge, the TAM has not been used to model the
influence of policy on technology acceptance. An increasing number of studies have suggested that
the TAM, the TRA, or their adaptations can be a suitable tools for modeling RET [55,56]. In addition to
TAM, we also utilize the theoretical premises related to environmental policy instrument design in our
research design.

To answer the research questions, we constructed a conceptual model as the basis of the empirical
research. The model was built in three phases. First, a set of significant barriers to adopting RET
were used to connect policies and policy instruments with technology adoption models in order
to establish a logical association between the two (see Table 1). The barriers can be linked with
the perceived usefulness and the perceived ease of use (in the TAM). To ensure that elements not
fully present in the TAM are all taken into consideration, we further linked the barriers to the IDT
elements. For example, the lengthy investment payback time is related to the perceived usefulness
(in the TAM) as it weighs the value of RET as perceived by the potential adopter [14]. Similarly,
the payback time is related to the relative advantage as it measures the overall all cost-benefit ratio of
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RET [29,57]. We categorized the policies as either economic or non-economic. For example, economic
policies normally include policy instruments such as subsidies, governmental loans and grants, and tax
exemptions and non-economic policies include regulation, changes in legislation and bureaucracy,
information and education [17,19,23]. These can be associated with the perceived usefulness (in the
TAM model) and the relative advantage (in the IDT) of the technology. In the case of the lengthy
investment payback time, using economic policies have been found to be effective [17]. The rest of
the adoption barriers were linked to theory (TAM and IDT) and further to the policy types and policy
instruments in the corresponding manner.

Table 1. Policy intervention instruments for removing the barriers to adopting RET and their
relationship with technology adoption theories (TAM and IDT).

Barrier to Adopting RET TAM [14] IDT [29] Policy Type Policy Instrument

Lengthy investment payback time
(e.g., [57,58])

Perceived
usefulness

Relative
advantage Economic Subsidies, grants, low interest

loans, tax exemptions

Operational costs are unknown
(e.g., [59])

Perceived
usefulness

Relative
advantage Economic Tax exemptions, feed-in-tariffs,

incentive schemes
Perceived
usefulness

Relative
advantage Non-economic Information campaigns

Ease of use is of concern (e.g., [60]) Perceived ease
of use Complexity Non-economic Information campaigns,

straightforward permissions

RET benefits are not understood
(e.g., [61,62])

Perceived
usefulness

Relative
advantage Non-economic Information campaigns

No interest (e.g., [61]) Perceived
usefulness Compatibility Non-economic Information campaigns

Security and privacy concerns
(e.g., [30,63])

Perceived
usefulness

Relative
advantage

Non-economic/
economic

Information campaigns, data
privacy laws, secure mgmt.

of cost related data

Availability of turnkey solutions
(e.g., [64])

Perceived ease
of use Complexity Non-economic Commercialization support,

Information campaigns

Regulatory barriers exist
(e.g., [65,66])

Perceive
usefulness Complexity Non-economic Changes in legislation,

regulation, bureaucracy

Second, we defined the measurement items and the core constructs that are used in the empirical
research. The economic policy instruments include financial incentives such as subsidies, loans and
grants, tax reliefs and penalties, tariffs, ways of reducing monthly electricity bills. and ensuring
the safety of consumption data [17,19,23]. Correspondingly, the non-economic policy instruments
encompass both command-and-control instruments and soft instruments. They include information
campaigns, regulations, laws, permits, and standardizing [17,19,23]. The constructs for economic
policy (EP) and non-economic policy (NEP) were created based on adaptation from these commonly
used environmental policy instruments; for example, a subsidy or grant is an economic policy
instrument. Subsequently, the measurement items related to the policy instruments were designed
for the EP and NEP constructs adapting them from earlier research (as indicated in the Table 2).
For example, the importance of subsidy or grant when considering RET investment was adapted
from Faiers [57] and was operationalized as measurement item for EP1: “I can get a grant from the
government for the investment”. Similarly, policies related to the security and accuracy of data were
operationalized as: “My consumption data is being managed securely by my energy utility” (EP5, see
e.g., [67]). Table 2 summaries the policy related constructs EP and NEP.

Third, after defining the policy-related core constructs and the survey items, we then used the
original version of the TAM [14] as the foundation for the rest of the conceptual model. First, we
created constructs for perceived ease of use and perceived usefulness first. Because the TAM has
only one element for “perceived usefulness” (PU), we wanted to understand how economic policy
and non-economic policy affect perceived usefulness and whether it was then necessary to divide
PU into two parts: economic and non-economic. In earlier research, PU was not split; therefore, our
approach is explorative because it deviates from the TAM in this regard. Constructs presented in
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Table 3 were created to test perceived economic (PUE) and perceived functional usefulness, which we
termed as perceived usefulness, functional (PUF). For example, possibility to generate revenue using
RET can affect how relative advantage (as in the IDT) or PU (as in the TAM) are perceived. This can be
operationalized as in PUE1: “I can sell excess energy to utility company”. The rest of the PUE and
PUF constructs were created in the similar manner, adapting or modifying them from earlier research
(see Table 3). The Table 3 also introduces the constructs related to perceived ease of use (PEOU).
For example, complexity (as in the IDT) and perceived ease of use (as in the TAM) can affect the
willingness to adopt [14,29]: In case there are signs that the new technology is considered too complex,
the threshold for adoption can be lowered by reducing complexity or enhancing the perceived ease
of use by for example introducing ready to use solutions (e.g., [64]). This was operationalized using
measurement item for PEOU1: “Ready to use solution (equipment, installation, maintenance, business
model) is available”. The rest of the PEOU constructs were created analogously based on earlier
research (see Table 3).

Table 2. Economic policy (EP) instruments and non-economic policy (NEP) instruments.

Policy Instrument Measurement Item Construct

Subsidy or grant I can get a grant from the government for the investment. EP1 [57]

Tax benefit I will have tax benefits the investment. EP2 [68]

Tax penalty I will not get tax penalties for my energy production. EP3 [69]

Tariff structure I can reduce my monthly electricity bill. EP4 [57]

Security and accuracy of
consumption data My consumption data is being managed securely by my energy utility. EP5 [67]

Regulation, legislation The bureaucratic process is easy when connecting. Renewable Energy
system to the grid. NEP1 [36]

Information campaigns I have a clear understanding on how the tariffs and other subsidies work. NEP2 [68]

Renewable Energy system provides real time information of my energy
production and use. NEP3 [70]

Constructs were adapted from the sources indicated in the table.

Table 3. TAM- and IDT-related constructs: perceived usefulness, economic (PUE), perceived usefulness,
functional (PUF), and perceived ease of use (PEOU).

TAM, IDT with RET Examples Measurement Item Construct

Relative advantage/PU: Potential revenue I can sell my excess energy to utility company. PUE1 [71]

Relative advantage/PU: predictable
revenue streams

I will get a guaranteed fixed price for the excess
energy I sell (e.g., fixed feed-in tariffs). PUE2 [36]

Relative advantage/PU: Availability of
useful information I can get information of electricity price peaks. PUF1 [70]

Relative advantage/PU: Availability of
useful services

Availability of services that allow easy access to
monitor both production and use of the system. PUF2 [69]

Compatibility/PU: ability to manage
the system I can adjust the energy system configurations myself. PUF3 [70]

Relative advantage/PU: free from utility Energy autonomy (energy production independently
from utility). PUF4 [72]

Complexity/PEOU: low threshold
to purchase

Ready- to use solution (equipment, installation,
maintenance, business model) is available. PEOU1 [64]

Complexity/PEOU: technical installation The easiness of installation. PEOU2 [36]

Complexity/PEOU: Availability of
turnkey solution

All the equipment and installation are available from
a single, one-stop shop. PEOU3 [64]

Constructs were adapted from the sources indicated in the table.
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Attitudes toward adopting technology have been studied widely from the behavioral, environmental,
social, and psychological perspectives. Subjective norm is used in both TRA [39] and TPB [40] as it has
been found to affect attitudes and intentions toward adopting environmental innovations through feeling
obligated to adjust one’s behavior to act in a more sustainable manner. In our research, the corresponding
construct ATU1 is operationalized as: “It is important for me to increase my green energy usage”.
According to the TPB, normative beliefs have influence on subjective norm as they reflect one’s beliefs of
how other’s think she or he should or should not act [40]. To reflect this notion, ATU2 was adapted from
earlier research [69]. Attitude toward a specific behavior (as in the TRA) is also relevant in the case of RET
and examples from earlier research are available (e.g., [70,73]). We hence used measurement items related
to attitudes toward willingness to paying more (ATU3) and toward washing dishes and laundry during
non-peak hours (ATU4). The ATU constructs are summarized in the Table 4.

Table 4. Constructs related to attitude toward using (ATU).

TRA, TPB Measurement Item Construct

TPB/TRA: Subjective norm It is important for me to increase my green energy usage. ATU1

TPB: Normative belief It is important to use Renewable Energy to reduce polluting. ATU2

TRA: Attitude to the specific behavior I am interested in paying more for environmentally friendly
products and services. ATU3

TRA: Attitude to the specific behavior I would be interested in e.g., washing dishes and laundry
during non-peak hours to save energy. ATU4

Finally, all the constructs used in this research were defined, and the conceptual model was
created. To build the conceptual model, we used three logical steps to link policies and attitudes toward
adopting RET: intervention, induction, and immersion. We hypothesize that policy interventions
are likely to affect how ease of use and usefulness are perceived, which then affect attitudes toward
adopting RET. The TAM was used as the basic framework of the conceptual model, and it was adapted
to fit the scope of this research.

The EP and NEP interventions were positioned as factors external to the TAM model. External
factors are the antecedents of PEOU and PU, such as individual differences, system characteristics,
social influence, and facilitating conditions [74,75]. To our knowledge, policy intervention has not
been studied as a factor external to the TAM. In our model, both EP and NEP connect to PEOU, PUF
and PUE, which then are linked to ATU. Additionally, as in the original TAM model, PEOU is linked
to PUF. Conversely, PEOU is not linked to PUE; there is no earlier evidence or reason to assume
that ease of use would enhance how economic benefits are perceived. Because dividing PU into two
separate constructs is an explorative approach with the TAM, we considered excluding the relationship
between PEOU and PUF. However, because the TAM normally exhibits a strong connection between
PEOU and PU [76], it was included in the model. However, our model excludes TAM’s elements of
“intention to use” and “actual use” of the system. Even though energy policy has not been extensively
examined in relation to the TAM, previous research using the model found that various external factors
influenced PEOU and PU and thus could affect attitudes toward using a technology solution [14,76,77].
Hence, our model uses policy as an external factor, and we explore the effects of economic policies
and non-economic policies on consumers’ attitude to using RET. The conceptual model is depicted in
Figure 2.

After designing the conceptual model, we developed several hypotheses based on the research
questions. We focused on consumers that did not yet have access to RET system, that is, “non-adopters”
and “non-prosumers”. We included in the study a control group of prosumers who already were users
of RET, that is, “adopters”. Because we are interested in how policy affects consumers’ willingness to
evolve into prosumers, our main focus is on consumers’ attitudes toward the adoption of RET.
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To analyze in influence of both economic and non-economic policies, perceived usefulness
(in the TAM) was divided into two parts: economic usefulness (PUE) and non-economic (functional)
usefulness (PUF). In addition, we connected NEP and EP to PEOU, as at this stage we wanted to
determine whether both EP and NEP affected perceptions of ease of use. We hypothesized that both
NEP and EP influence consumers’ perceptions of the usefulness of RET. Thus, NEP and EP were
connected to PUF and PUE. Consequently, the following hypotheses are stated:

Hypothesis 1a. H1a: Non-economic policy (NEP) instruments influence how non-adopters perceive the ease of
use of RET.

Hypothesis 1b. H1b: NEP instruments influence how non-adopters perceive the functional usefulness of RET.

Hypothesis 1c. H1c: NEP instruments influence how non-adopters perceive the economic usefulness of RET.

Hypothesis 2a. H2a: Economic policy (EP) instruments influence how non-adopters perceive the ease of use
of RET.

Hypothesis 2b. H2b: EP instruments influence how non-adopters perceive the functional usefulness of RET.

Hypothesis 2c. H2c: EP instruments influence how non-adopters perceive the economic usefulness of RET.

Previous research found that perceived ease of use could affect consumers’ attitudes toward using
a system through increasing the perceived usefulness [32,78]. There is little evidence that economic
factors affect perceptions of the ease of use. Hence, the influence of PEOU is tested only against
perceived functional usefulness. Because PU is divided into two parts in our research, the connection
between PEOU and PUF is inferred. We also assume that PEOU affects the AU of RET as in the original
TAM. Therefore, the following hypotheses are stated:

Hypothesis 3a. H3a: Perceived ease of use (PEOU) influences non-adopters’ attitude toward using RET.

Hypothesis 3b. H3b: PEOU influences how non-adopters perceive the functional usefulness of RET.
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In the TAM, perceived usefulness usually has a strong connection to attitude toward using
a technology [76]. Because we use the novel approach of dividing PU into two parts, it can only be
presumed that both PUF and PUE influence AU. Hence, the following hypotheses are stated:

Hypothesis 4. H4: Perceived functional usefulness (PUF) influences non-adopters’ attitude toward using RET.

Hypothesis 5. H5: Perceived economic usefulness (PEU) influences non-adopters’ attitude toward using RET.

All hypotheses were tested empirically using a consumer survey as the research method.

4. Research Methodology and Data

The data were collected in a survey conducted in Europe (i.e., France, Germany, Switzerland,
Belgium, Italy, and Finland) (N = 197). The respondents included both consumers (N = 122) and
prosumers (N = 75). The survey was conducted in July 2016 and January 2017. To ensure content
validity, the items chosen for the constructs were adapted from previous research as far as it was
possible and the rest of the constructs were designed by the authors to fit the research scope.
The constructs were tested with native speakers from all countries (N = 8) and minor changes to
the wordings were made accordingly to ensure validity of the questionnaire.

A printed questionnaire was distributed by hand by research assistants and in an online web
survey. The questionnaire was completed by the majority of the respondents while the interviewer was
present so that the respondents could check the meanings of questions if they did not fully understand
them. The respondents could choose to complete the questionnaire online, and some respondents used
this option.

The aim of the data collection was to obtain a data set that included approximately the same
number of consumers and prosumers in each country. Because of the exploratory approach used in
this study, the size of the full data set (N = 197) was sufficient for analyzing the differences between
the consumers and prosumers. The questions included in the survey were translated from English
by native speakers to the languages of the respondents (i.e., French, German, Italian, and Finnish).
The translators also piloted the questionnaire and provided feedback on it. The questions in the
survey were formulated as statements so that they could be answered using a 7-point Likert scale from
1 = strongly disagree to 7 = strongly agree.

The respondents first were approached in public spaces, such as parks, airports, and railway
stations. However, because very few prosumers were found in these spaces, the research assistants
subsequently approached houses that had solar panels on the roof. Satellite images in Google Maps
were used to find these houses. In both approaches to the data collection, the response rate was
approximately 30%. The use of Google Maps to select houses with solar panels may have resulted in
some bias in the sample because the income levels or political views of the inhabitants may be similar in
specific living areas. In addition, it should be noted that the demographics were slightly biased by this
approach: in Germany and Switzerland, the number of young adults (25–40 years) was higher than the
number of middle-aged adults (41–55 years). However, in France and Italy, the overall age distribution
was representative of the overall population even though the number of older adults (55 and older)
was slightly higher. The demographic profiles of all respondents in the sample is presented in Table 5.

We explored the model fit of the novel conceptual model by first conducting an analysis of variance
(ANOVA) and a principal component analysis (PCA) in SPSS. We then utilized partial least squares
structural equation modeling (PLS-SEM) according to the guidelines in Hair et al. [78]. PLS-SEM
allows the exploration of theories and novel conceptual models using small sample sizes when the
theory has not yet been fully developed and the model is complex [79,80]. We used the IBM SPSS
version 24 for the PCA analysis and SmartPLS tool (version 3.2.6.) for the PLS-SEM. In the analysis,
missing data were handled using the missing-at-random (MAR) approach [80], so the responses were
calculated and reweighted with unbiased estimates in cases where the response rates differed [81].
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Table 5. Demographic profile of the respondents (N = 197) representing the households.

Characteristic Description Share of Respondents (%)

Age group

18–24 18.4
25–40 40.3
40–55 15.3
>55 26.0

Educational level

Primary school 4.7
Secondary school 28.1
Bachelor’s degree 19.3
Master’s degree 47.9

Household income/month
<3000 € 38.5

3000–6000 € 37.0
>6000 € 24.5

5. Results

First, we conducted the ANOVA, which indicated items that differentiated the ways that the
consumers and prosumers perceived, assessed, and accepted renewable energy technologies. Then, we
conducted the PCA with all of the items in the model construct to determine how the items loaded on
various factors. PLS-SEM was used to analyze how EP and NEP influenced the PEOU, PUF, and PUE
constructs that might influence the respondents’ ATU.

The ANOVA was conducted using the items that measured differences in the attitudes and
perceptions of the prosumers and consumers. The comparison of the results showed that the items that
differed significantly between the two respondent groups, were in the constructs reflecting economic
aspects of policy support (EP), perceived ease of use (PEOU), perceived usefulness, functional (PUF),
perceived usefulness, economic (PUE), as well as the actual attitude toward use (ATU) (see Table 6).

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers.

Measurement Item Construct Sig.

My consumption data being managed securely by my energy utility (EP 4) 0.096 *
All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 **

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 *
I can get information of electricity price peaks. (PUF 1) 0.058 *

It is important for me to increase my green energy usage. (ATU 1) 0.048 **
I can sell my excess energy to utility company. (PUE 1) 0.046 **

Note: ** p < 0.05, * p < 0.10.

Because there were clear differences in the means of several items used to measure the consumers
and the prosumers, and they were statistically significant, we also carried out permutation tests
to compare the statistical differences in the path coefficients between the two respondent groups.
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7).

The results of the permutation test support the approach used to analyze the two groups of
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET.
The detailed findings regarding the individual hypotheses are discussed in Section 5.

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO)
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different components.
However, in the analysis for construct validity, one component did not fit the model, as the Cronbach’s
alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then dropped this item
(ATU4), and proceeded with another PCA on the model. The KMO for the reduced set of measures
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was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in six components,
which are shown in Table 8.

Table 7. Permutation test results for the total effects on prosumers and consumers.

Prosumers Consumer Permutation p-Values
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It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

ATU 0.062 0.243 0.014
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

ATU 0.080 0.278 0.274

Table 8. The six components included in the conceptual model.

Measurement Item EP ATU PEOU NEP PUE PUF

EP 1 0.807 0.133 0.106 0.168
EP 2 0.774 0.103 0.332
EP 3 0.619 0.180 0.132 0.324 −0.258
EP 4 0.510 0.162 0.252 0.180
EP 5 0.481 0.181 0.132 0.334 0.189

ATU 1 0.187 0.826 0.234
ATU 2 0.783
ATU 3 0.169 0.778 0.257 0.189 0.118

PEOU 1 0.849 0.123 0.110
PEOU 2 0.177 0.772 0.139 0.105
PEOU 3 0.156 0.147 0.680 0.138 0.227 0.106
NEP 1 0.103 0.864 0.182
NEP 2 0.162 0.274 0.217 0.658 0.168
NEP 3 0.344 0.107 0.260 0.617 0.138
PUE 1 0.215 0.169 0.139 0.812 0.121
PUE 2 0.311 0.180 0.811
PUF 1 0.230 −0.156 −0.103 0.727
PUF 2 0.178 0.244 0.645
PUF 3 0.308 −0.202 0.104 0.209 0.591
PUF 4 −0.123 0.155 0.154 0.230 0.159 0.567

Rotation method: Varimax with Kaiser normalization.

Based on the six components, the conceptual model showed how the influence of EP and NEP
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze the
influence of the constructs in the model on the attitudes of the respondents. The constructs and their
match with the properties of the other constructs in the conceptual model were verified by applying
Cronbach’s alpha, composite reliability (CR), average variance extracted (AVE), and the factor loadings.
The model was analyzed in two phases: First, we analyzed the construct reliability and validity of the
measures [78]. Second, we checked the structural model by assessing the factor loadings. The inner
weighting scheme used for the PLS-SEM was the path mode.

CR was utilized to evaluate the reliability of the constructs [83]. The CR and the validity of
the model for the data on the consumers (N = 122) was excellent in all constructs. For the full data
set (N = 197), the construct validity was also acceptable, with the exception of one construct where
Cronbach’s alpha and AVE were slightly below the recommended values.
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We continued to analyze the model using the consumer data because the CR was higher than
for the prosumer data. All the CR values were well above the recommended threshold of 0.7 [84],
which is an indication of convergent validity. The AVE for all components was higher than the
recommended threshold of 0.5. The factor loadings for most of the components were higher than 0.7,
which indicated that the variance in the variables could be described by the construct [78]. In only
two items, the factor loadings were slightly below 0.6, which was acceptable according to the SEM
literature [82] (see Table 9).

The structural model with the non-prosumer data was further assessed by standard model
estimation, bootstrapping, and blindfolding procedures in SmartPLS. To check the collinearity of the
structural model, the quality criteria, or collinearity statistics (VIF) values were verified. All the inner
VIF values were below the required threshold of 5, which indicated that in the predicting constructs,
collinearity was not critical [78].

Then, we ran in SmartPLS 500 subsample estimates for all of the variables in order to verify the
accuracy of the PLS estimates. The R2 measure helps to assess the predictive accuracy of a model [78].
R2 values can range between zero and 1; when the value is close to 1, the predictive accuracy is
high. However, in the consumer behavior literature, when the R2 values are 0.20 or above, they
are considered high. For this reason, the R2 values should not be the only criterion for accepting
a model [78]. For the ATU construct, in the case of the non-prosumer data, the R2 value was 0.213.
The R2 values in the remaining constructs were as follows: PEOU (0.399), PUE (0.449), and PUF (0.475).

Table 9. Analysis of the model with consumer data: descriptive statistics and construct properties.

Construct Item MV SD Standard Loading CA CR AVE

Policy (non-economic) NEP 1 6.09 1.311 0.822 0.738 0.851 0.656
NEP 2 5.60 1.579 0.824
NEP 3 5.56 1.477 0.784

Policy (economic) EP 1 5.20 1.799 0.829 0.801 0.862 0.560
EP 2 5.55 1.765 0.834
EP 3 6.10 1.523 0.671
EP 4 5.20 1.793 0.598
EP 5 6.13 1.263 0.780

Perceived ease of use PEOU 1 5.73 1.314 0.867 0.824 0.895 0.739
PEOU 2 5.78 1.289 0.876
PEOU 3 5.43 1.580 0.837

Perceived usefulness, functional PUF 1 5.20 1.569 0.791 0.704 0.817 0.533
PUF 2 5.64 1.290 0.559
PUF 3 5.52 1.614 0.679
PUF 4 5.53 1.598 0.856

Perceived usefulness, economic PUE 1 5.66 1.464 0.934 0.862 0.935 0.879
PUE 2 5.46 1.612 0.941

Attitude toward use ATU 1 5.70 1.443 0.906 0.815 0.888 0.727
ATU 2 6.23 1.286 0.917
ATU 3 5.12 1.441 0.721

Mean value (MV); Std. dev. (SD); Cronbach’s alpha (CA); Composite reliability (CR); Avg. variance extracted (AVE).

In addition to the R2 values, the change in the R2 values when a specified construct was eliminated
from the model was assessed by the f 2 effect size. The thresholds of f 2 are the following: 0.02 = small
effect size; 0.15 = medium effect size; and 0.35 = large effect size. Effect sizes below 0.02 indicate no
effect [78]. Only the effect sizes of the PEU-construct on PUF and the PUE-construct on AU showed no
effect; otherwise, the effect sizes were greater than the small and medium thresholds. The following
constructs had large effect sizes: the effect of EP on PUE (0.36) and the effect of NEP on PEOU (0.35).

Q2 indicates the predictive relevance of the endogenous constructs (i.e., PEOU, PUF, PUE,
and ATU). In SmartPLS, the predictive relevance was analyzed using the blindfolding procedure.
The results of the construct of cross-validated redundancy showed the final Q2 values: ATU (0.129),
PEOU (0.259), PUE (0.360), and PUF (0.211). Because all Q2 values were above 0, the model had
predictive relevance in the case of these constructs.
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The Fornell–Larcker criterion is used to assess discriminant validity. However, the heterotrait
–monotrait ratio (HTMT) is also used for this purpose, and it is regarded as a more reliable criterion [78].
The HTMT of the correlations was used to assess the discriminant validity of the components [78].
The HTMT distribution was shown in the results of bootstrapping in SmartPLS. If the HTMT ratio of
the path models of the construct is below 0.85, the concepts are distinct [85]. For the constructs in our
model, all HTMT values were below 0.85 (see Table 10).

Table 10. Fornell–Larcker criterion and the HTMT values of the consumer data.

ATU PEOU EP NEP PUE PUF

ATU 0.853
PEOU 0.403 (0.468) 0.860

EP 0.373 (0.447) 0.461 (0.560) 0.748
NEP 0.415 (0.521) 0.616 (0.782) 0.556 (0.740) 0.810
PUE 0.230 (0.258) 0.426 (0.503) 0.640 (0.733) 0.520 (0.654) 0.937
PUF 0.385 (0.463) 0.473 (0.614) 0.613 (0.771) 0.595 (0.815) 0.577 (0.724) 0.730

Note: The HTMT values of the correlations are in parentheses.

The evaluation of the total effects showed how the formative constructs EP and NEP influenced the
target variable ATU through the mediating constructs PEOU, PUF, and PUE (see Table 11). The analysis
of the total effects of the exogenous constructs (EP and NEP) on the ATU construct showed that NEP
(0.243) had a stronger total effect on ATU than EP did (0.136).

Table 11. All effects of the constructs on the target variable.

ATU PEOU EP NEP PUE PUF

ATU
PEOU 0.323 0.096

EP 0.136 0.172 0.509 0.409
NEP 0.243 0.520 0.237 0.368
PUE −0.056
PUF 0.278

The path coefficients of the model were estimated using the bootstrapping method in SmartPLS.
We used a significance level of 0.05 for the path coefficients because this study is exploratory [78].
The value and significance of the path coefficients for the constructs in the case of the data collected
from non-prosumers are shown in Figure 3.
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6. Discussion

The findings of our research show that there are clear differences in how economic and
non-economic policies influence the attitudes of consumers and prosumers. Seven of the ten hypotheses
related to consumers (non-adopters) were supported as shown in Table 12.

Hypotheses 1a, 1b, and 1c were supported because the model exhibited a positive relationship
with NEP instruments and PEOU, PUF and PUE. The support for PUE (H1c) was weaker than for
PUF (H1b), which is logical. However, the results suggest that non-economic policy instruments
would add to the perceived economic usefulness of RET. Hypotheses 2b and 2c were also supported
by the model, suggesting that economic policy instruments also could be associated with perceived
usefulness, whether functional or economic. However, Hypothesis 2a was rejected (95% significance
level), indicating that economic policies do not affect how the ease of use is perceived. This finding
was interesting because the original PU was divided into two parts. The rejection of the hypothesis
indicates that PU could be split without disturbing the TAM’s consistency because the rejection seems
commonsensically sound.

Hypothesis 3a was supported, which implies that, as shown in earlier research, perceived ease of
use affects attitude toward using RET. However, in contrast to previous research results, Hypotheses 3b,
regarding the relationship between perceived ease of use and perceived usefulness, was rejected. We
speculate that this outcome was due to the division of perceived functional and economic usefulness
into two constructs, which resulted in the incomplete construct of perceived usefulness. Therefore, this
finding should be investigated further in future research.

Table 12. Structural relationships of constructs and testing of hypotheses with consumer data.

Hypothesis Path Model for Consumers Coefficient t-Value p-Values

H1a NEP
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

PEOU Supported 0.520 5.214 0.000
H1b NEP
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 
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It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 
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PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

PUF Supported 0.318 3.208 0.001
H1c NEP
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

PUE Supported 0.237 2.215 0.027
H2a EP
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

PEOU Rejected 0.172 1.701 0.090
H2b EP
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

PUF Supported 0.392 3.976 0.000
H2c EP
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

PUE Supported 0.509 4.874 0.000
H3a PEOU
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

ATU Supported 0.296 3.159 0.002
H3b PEOU
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

PUF Rejected 0.096 1.020 0.308
H4 PUF
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

ATU Supported 0.278 2.513 0.012
H5 PUE
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functional (PUF), perceived usefulness, economic (PUE), as well as the actual attitude toward use 
(ATU) (see Table 6). 

Table 6. Analysis of variance between the attitudes of the prosumers and the consumers. 

Measurement Item Construct Sig. 

My consumption data being managed securely by my energy utility  (EP 4) 0.096 * 

All the equipment and installation are available from a single, one-stop shop. (PEOU 3) 0.047 ** 

Ready to use solution (equipment, installation, maintenance, business model) is available. (PEOU 1) 0.080 * 

I can get information of electricity price peaks. (PUF 1) 0.058 * 

It is important for me to increase my green energy usage. (ATU 1) 0.048 ** 

I can sell my excess energy to utility company.  (PUE 1) 0.046 ** 

Note: ** p < 0.05, * p < 0.10. 

Because there were clear differences in the means of several items used to measure the 
consumers and the prosumers, and they were statistically significant, we also carried out permutation 
tests to compare the statistical differences in the path coefficients between the two respondent groups. 
The results of the permutation test indicated that the total effects of NEP on ATU (p < 0.05) and PUE 
on ATU (p < 0.10) differed significantly between the consumers and the prosumers (Table 7). 

Table 7. Permutation test results for the total effects on prosumers and consumers. 

  Prosumers Consumer Permutation p-Values 

PEOU  ATU 0.070 0.323 0.118 

PEOU  PUF 0.309 0.096 0.330 

EP  ATU 0.116 0.136 0.893 

EP  PEOU 0.218 0.172 0.743 

EP  PUE 0.339 0.509 0.284 

EP  PUF 0.398 0.409 0.909 

NEP  ATU 0.062 0.243 0.014 

NEP  PEOU 0.175 0.520 0.058 

NEP  PUE 0.193 0.237 0.877 

NEP  PUF 0.138 0.368 0.162 

PUE  ATU 0.221 −0.056 0.074 

PUF  ATU 0.080 0.278 0.274 

The results of the permutation test support the approach used to analyze the two groups of 
respondents separately to verify the influence of policy support on consumers’ attitudes toward RET. 
The detailed findings regarding the individual hypotheses are discussed in Section 5. 

Next, we continued to assess the conceptual model with PCA. The Kaiser–Meyer–Olkin (KMO) 
measure for sampling adequacy was 0.781 in the sample, which allowed us to proceed with the factor 
analysis using PCA [82]. The first PCA indicated that the items loaded on seven different 
components. However, in the analysis for construct validity, one component did not fit the model, as 
the Cronbach’s alpha for it was clearly below 0.7 which is the recommended threshold [82]. We then 
dropped this item (ATU4), and proceeded with another PCA on the model. The KMO for the reduced 
set of measures was 0.777, which permitted to proceed with PCA [82]. The second PCA resulted in 
six components, which are shown in Table 8. 

Based on the six components, the conceptual model showed how the influence of EP and NEP 
affected PEOU, PUF, and PUE and how they all influenced the ATU. PLS-SEM was used to analyze 
the influence of the constructs in the model on the attitudes of the respondents. The constructs and 
their match with the properties of the other constructs in the conceptual model were verified by 

ATU Rejected −0.056 0.513 0.608

Hypothesis 4 stated that PUF influenced ATU, which was supported by the results. However,
somewhat surprisingly, PUE did not influence ATU, so Hypothesis 5 was rejected. This result is
difficult to explain based on our research data. In previous research (e.g., [17]), economic instruments
were found effective in supporting the diffusion of RET. However, in our study, this result may be due
to the division of the perceived usefulness into two parts. Therefore, further research is required to
determine whether the result is repeatable. Furthermore, the results of total effects analysis supported
the research questions by showing that the constructs of policy influence (EP and NEP) influenced
the target variable ATU through the mediating constructs of PEOU, PUF, and PUE. The total effect
on attitudes was stronger in the case of the non-economic policies than in the case of the economic
policies, which indicates the importance of a broad policy mix in supporting the diffusion of RET.

The results of the control group of prosumers (adopters) were very different from those of the
consumers (non-adopters). The majority of the hypotheses regarding the prosumers were rejected.
The TAM was designed to model technology acceptance by non-adopters. Thus, the results are in line
with the theory, and they imply that prosumers expect that different types of policies support their
actual use of RET.

Regarding the results of our analysis, the effect size (f 2) was large in the constructs EP on PUE
(0.36) and NEP on PEOU (0.35), which indicates that both EP and NEP influence the perceptions
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of consumers. However, the total effect of NEP was clearly stronger than that of EP in the case of
non-adopters, which indicates that it would be worthwhile for policy measures to focus on NEP
rather than EP. At this stage, consumers seem to be interested in the non-economic issues associated
with the adoption of RES. Thus, the motivators could be based on pro-environmental values rather
than economic drivers [86]. However, consumers also seem to consider the economic policy factor in
association with the economic usefulness of the RES solutions. This link could perhaps be strengthened
if economic policies reflected the pricing of energy, thus making prices dependent on the energy source.
In addition, economic policies could favor renewable energy and the energy stored by the prosumers.
This change in economic policy to support the pricing of renewable and stored energy could attract
more consumers to adopt RET because saving energy has been shown to be motivated by financial
benefits more than pro-environmental values [87].

6.1. Policy Implications

Our findings suggest that the total effects of non-economic policies could shape consumers’
attitudes toward using RET, even more than economic policies would. The NEP had a strong influence
on PEOU and PUF. It also showed a moderate influence on PUE. However, EP also influenced PUF.

The observed non-economic policy items that were related to the regulative process of connecting
RET to the grid were the awareness of tariffs and subsidies and the availability of information about
energy production and usage. Based on our results, we suggest that policy makers should focus
on removing regulatory barriers to allow consumers to participate actively in the energy market.
Consumers have different levels of freedom to act in the energy market depending on their native
country. However, in most markets, some barriers remain, hindering consumers from participating in
new activities, such as energy trading and sharing in energy communities. Another observation based
on the results of the study is that secured data and access to information are important to consumers.
Smart grids and ICT-based solutions enable large amounts of data regarding energy consumption and
production. If they are utilized well, it could help to foster consumers’ acceptance as the benefits of
using RET become more concrete. Consumers seem to appreciate the ability to monitor their energy
use. Another observation is that energy market actors should focus on communicating information
about the tariffs and the support mechanisms that are available for adopting RET.

The comparison of the results for the non-adopters and the adopters showed that the adopters
were not affected by policies in the same way as the non-adopters were. Other studies, although not
directly comparable with the present research, have also found indications of differences between
adopter versus non-adopter attitudes (see, e.g., [88–90]). One reason for the difference in the results
can be due to the different characteristics between early adopters (which majority of the RET adopters
today are) and the late market adopters (see, e.g., [29]). Another explanation can be that initial policies
designed to boost diffusion no longer motivate the adopters. Therefore, different policies are needed
to motivate consumers’ initial acceptance of RET and to support prosumers in actively continuing the
use of their RETs. The finding supports the relevance of phasing out at least certain policy incentives
when the diffusion has started.

6.2. Managerial Implications

We used variables related to ease of use and perceived usefulness to test the influence of policy
on consumers’ attitudes. Research items related to the perceived ease of use were associated with the
availability of ready-to-use solutions, the availability of the solution from a one-stop-shop, and the
easiness of installation. Our findings showed that these items affected the attitude toward using
RET, which suggests that it is important to design turnkey solutions for RET and focus on making
availability and delivery as accessible as possible for consumers.

Previous studies found that perceived usefulness was a powerful predictor of system use. In our
study, perceived usefulness included functional items that were related to the availability of services
that allowed monitoring and using the system, the ability to adjust the system independently, energy
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autonomy, information about electricity peak prices, and as a separate construct, financial benefits,
such as the ability to sell excess energy for guaranteed prices. Our findings revealed that non-economic
usefulness particularly affected consumers’ attitudes. It is thus essential to emphasize developing and
communicating the functionality benefits of RET solutions that increase the consumer’s awareness of
these benefits.

6.3. Limitations and Future Research

The present study has the following limitations. One limitation is related to the relatively small
sample size, which was gathered across Europe, a non-homogenous area from policy, culture and
economic perspectives. However, the sample size was large enough to conduct a PLS-SEM analysis on
the cross-country level. Future research could however focus on conducting country level analysis
of the policy implications. On the other hand, as the policies in different countries and continents
can vary extensively, it would be also relevant to compare the outcome of future research in other
regions to the conclusions we have made. The use of a cross-sectional design in the questionnaire
is another limitation of this study. In future research, a longitudinal research approach would allow
following consumer and prosumer behavior over time. Another limitation is that we utilized part of
the TAM in an explorative manner: PU was divided into two parts that represented economic and
functional usefulness, respectively. Furthermore, although the TAM has been proven to be a solid
model for testing technology acceptance, policy interventions were not tested previously using the
TAM. Hence, future research should further validate the use of the TAM when policies are considered
external factors.

Our research analyzed policy instruments broadly, but there is still more room for studies on
specific types of policy instruments, for example, on how policies related to information and education
affect the attitudes of consumers. In future research, a more generalized conceptual framework could
be developed based on our initial findings. It would also be worthwhile to study in more detail the
prosumers and how to further promote and motivate RET usage among them after they have adopted
RET. The identification of the possible challenges and obstacles to the usage of RET after adoption
could also help to further promote RET solutions to non-adopters of RET.

7. Conclusions

Convincing consumers to contribute to international and national targets for reducing carbon
emissions, improving energy efficiency, and increasing the use of RES is vital in mitigating climate
change. Governments and policy makers are in the process of designing a variety of policy instruments
to support the increasing consumer engagement in the energy sector. Our research focused on
understanding the influence of policy on consumers’ attitudes toward adopting renewable energy
technologies. We approached the research problem by conducting a consumer survey. We then built
the conceptual model and analyzed the data using the PLS-SEM methodology. The findings of the
present study confirmed the importance of policy instruments in supporting consumers’ evolution
into prosumers. Our analysis of both economic and non-economic policies revealed that both could
be relevant tools for the non-adopters of RET. Furthermore, our findings indicate that non-economic
policies could be even more influential than economic policies are in changing consumers’ attitudes
toward using RET. This finding should be considered by policy makers in planning a diverse set of
policies that cover a wide range of instruments.
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