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Abstract: Energy transition is one of the main pillars of the European Union’s climate change strategy
suite. The policies set forth by European Union members to support energy transition are transposed
into national policies, strategies, and action plans. Energy transition calls for empowering citizens
and communities regarding energy-related initiatives. Of particular importance are smart energy
systems and their potential for involving individuals and communities in energy transition initiatives.
However, not all citizens are willing to invest in renewable energy or smart appliances. Thus, there is
a need for implementing smart energy initiatives, which have three main steps, namely, awareness,
mindset (readiness for action), and action. Bearing in mind the lack of uniformity in this area across
the European Union, this manuscript assesses the levels of awareness, mindset, and action utilizing
the results of a comprehensive international survey, the ECHOES project, with respect to demographic
and socioeconomic variables, such as age, income level, and education level. The analysis reveals
that 58% of respondents from the West European sample demonstrate a high level of awareness, 56%
are ready for action, and 63% already demonstrate action. The percentages are similar for the East
European sample, with 56% demonstrating a high level of awareness, 55% are ready for action, and
66% already demonstrating action. Overall, women have higher levels of awareness, readiness for
action, and action. For both Western and Eastern European countries, education level and income
level are important factors for smart energy adoption, with education levels proving to be more
significant for East European countries.
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1. Introduction

Global warming is considered one of the most serious problems for humankind in
the 21st century. Dramatic increase in temperatures, along with the adverse effects of
industrialization, cause environmental hazards threaten future generations. The situation is
even more severe given that the capacity of the earth to absorb greenhouse gases is almost
at its limit [1]. Climate change has yet wider implications, impacting food security, energy
security, population growth, pandemics, and employment. Thus, an energy transition away
from fossil fuels is a moral responsibility of humanity, in addition to its practical implica-
tions. In this regard, agreements such as the Paris Climate Agreement play a significant
role in the international field towards decreasing emissions by 2050. The European Union
(EU) also attaches importance to this point, demonstrating their determination through
their climate policies [2].

Renewable energy is a significant tool in the fight against climate change. In this
respect, the associated energy transition and smart energy technologies have received keen
interest from both academic and policymaking communities [3]. It is also important to
understand smart energy systems for policymaking regarding energy transition and the
key drivers of the ongoing transformation of the global energy system, which include tech-
nological innovation, climate change mitigation policies, and geopolitical developments [4].
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Steep increases in population and consumption make energy resources increasingly in-
dispensable [5]. Consequently, it is important to acknowledge the emergence of energy
transition as a critical policy challenge [4].

Studies in the literature suggest that smart energy projects provide significant contri-
butions to energy transition, inducing critically important changes such as actual decreases
in carbon emission levels. Therefore, implementing these systems is a vital step in the
transition process [6].

A review of the existing literature on smart energy systems reveals a strong focus on
European countries, mainly as a result of the European Union’s ground-breaking stance
in smart energy implementation and its involvement of formal social units, collective
decision-making units, and individual consumers [7]. More recently, increased expectations
from returns on investing in smart energy technologies have resulted in more investments
in smart grid projects [8]. There are also a growing number of multinational projects,
especially among EU-15 countries. The United Kingdom, Germany, France, and Italy are
the countries with the highest investments in smart grid projects [9,10], with the majority
of the projects carried out in Western Europe.

The usage of smart networks provides a more efficient process of transition to renew-
able energy [11]; however, their successful implementation is widely hampered by social
acceptance problems [12-14]. Opposition may be on social, economic, or technical grounds.
Hence, smart grids, smart home technologies, and smarter energy play a major role in
recent technology and policy discussions about energy efficiency and also pertain to key
components in the EU’s energy strategy.

The aim of this manuscript is to improve understanding of the individual’s role in
the transition to a renewable energy system. This is achieved through a comparison of
individuals from the selected group of Eastern and Western European countries concerning
their awareness, readiness for action, and actual activities regarding smart energy systems.
Differences in these parameters between Eastern and Western Europe may arise from
factors including diverse political traditions, energy resources, historical background, and
different energy policies and priorities of states.

The dataset utilised was from the international survey conducted during the European
Commission-funded H2020 project, ECHOES [15]. The survey dataset contains responses
from 31 countries, namely, Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Norway, Poland, Portugal, Romania, Slovakia, Slovenia,
Spain, Sweden, Switzerland, the Netherlands, Turkey, and the United Kingdom. In total,
across all countries, 18,037 participated in the survey, and approximately 600 interviews in
28 different languages were conducted.

The data from the survey that correspond to demographic dimensions and smart
energy systems are utilized. The United Nation’s classification of 30 Eastern and Western
European countries [16] constitutes the sample of this analysis. This classification includes
30 out of the 31 countries participating in the ECHOES International Survey, since Cyprus is
included in the ECHOES International Survey with 251 respondents but is not categorized
as an Eastern European State or a Western European State by UN’s grouping. The required
statistical analysis was conducted using SPSS software, commonly used by researchers in
the field of Social Sciences and Humanities for analysing large data.

Figure 1 illustrates the Western European and Eastern European countries according to
the United Nations (UN) classification. In the Western European countries cluster, Turkey
is marked as a special case by the UN in the original source, because, despite its location,
Turkey is considered a Western European country for electoral purposes [16]. Accordingly,
this manuscript positions Turkey in the Western European group.
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Figure 1. Map of Country Classification Based on United Nations (Authors’ Illustration).

This division will not only provide a comparison, but also help to understand the
underlying differences in terms of individuals’ perceptions and behaviours concerning their
awareness, readiness for action, and actual activities pertaining to smart energy systems,
and provide guidelines for energy transition policies.

The Eastern European countries are particularly concerned about energy security
matters, such as security of supply and diversification of resources. Most of these countries
are located on the periphery of Europe and are therefore particularly vulnerable to supply
disruptions, especially politically motivated ones, as highlighted by the crisis between
Russia and Ukraine in 2009 [17]. Furthermore, these countries’ technological capabilities
and infrastructure are less likely to be sufficient for smart energy transition [18]. Moreover,
smart energy adaptation is made more challenging by limited financial resources, limited
renewable energy resources, and a working population dependent on the fossil fuel in-
dustry [19]. Lower standards of living conditions mean that citizens are generally more
sensitive to price fluctuations than the rest of Europe [20].

Located in the west of continental Europe and along the Mediterranean coast, Western
European countries, on the other hand, have a greater commitment to environmental
policies and regard renewable energy as a business opportunity. These countries also
generally have higher income levels as compared to their Eastern Europe counterparts, and
their citizens are less price-sensitive [21]. One of the common features of Western European
countries is their well-developed energy infrastructures and markets. They are also among
the leading countries in terms of renewable energy resources and investments, as well as
the development of technologies for smart energy systems, including grid automation tools,
smart meters, and battery technologies. Most have considerable political-economic power
and, therefore, good relations with energy supplier countries [22].
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This manuscript presents an analysis of the perceptions and behaviours of individuals
concerning their awareness, readiness for action, and actual activities pertaining to smart
energy systems, using demographic and socioeconomic variables as independent variables.
In the context of energy transition, awareness, readiness for action, demonstrating action
refers to different concepts. Awareness is framed as a passive attitude, characterized
by, for instance, willingness to use energy generated by renewable sources. This state
of social acceptance does not always convert to actual behaviour and is impacted by
social factors [23]. This gap between the attitude and the actual behaviour is termed the
attitude-behaviour gap or intention-behaviour gap [24-27]. Readiness for action refers
to the state where an individual has identified modes of action for adopting behaviour
towards energy transition but has not yet turned into actual action. An example would be
where an individual has identified alternative utility companies that can provide electricity
generated from renewable sources and has information on how to sign a contract with
such utility companies, but who has not switched to one yet. Similarly, referring to the
ECHOES survey, individuals who state that they, as individuals, can do a lot for energy
transition, or people can act together for energy transition, are also perceived as ready
for action. Demographic variables include the fundamental demographic characteristics,
such as age and gender. Socioeconomic variables, on the other hand, are income level,
education, and employment status. The two types of variables are represented by ranges
for age groups and income (stated with respect to the median income of the respondent’s
country for a normalized set of answers), whereas other attributes are represented by a set
of relevant choices: i.e., gender (male/female/other), education level, and employment
status (fulltime/parttime/student/unemployed/retired /housewife /husband).

The subsequent analysis is based on the results of the comprehensive ECHOES In-
ternational Survey, with a high number of participants compared to earlier work in the
literature. Another important aspect of the manuscript is that it provides a joint analysis
of the perceptions and behaviours of individuals concerning their awareness, readiness
for action, and actual activities pertaining to smart energy systems. These dimensions are
identified as three critical components for initiatives in smart energy systems, and data on
these are valuable inputs for policy formulations. Joint analysis of these three dimensions
is not provided in the earlier literature. Moreover, the separate analysis for East European
and West European countries can be utilized to formulate better tailored policies that may
be effective in different regions. The comparison of the results, including the similarities
and differences, also provides further insights.

The results point to similarities and differences between Eastern and Western European
subsamples. The demographic variable of gender is revealed as the most important, with
women in both subsamples having higher levels of awareness, readiness for action, and
action. The next most significant variables for the two subsamples are education level and
income level, both socioeconomic factors; however, the order of importance for these two
factors is reversed for Eastern and Western Europe.

2. Literature Review

The continuing development of concepts regarding smart energy technologies, includ-
ing the smart grid concept, means that there is, as yet, no agreement on a single description
for a “smart grid”. Among commonly accepted interpretations are “an upgraded electricity
network” [28] or “the overlaying of unified communications and control system on the
existing infrastructure to deliver the correct information to the correct unit” [29].

There are two main perspectives on smart energy systems. The first perspective identi-
fies smart energy systems as the intelligent implementations for operating and controlling
the components of the energy system. Ingredients of such systems include artificial intelli-
gence and automated algorithms that utilize demand information for optimizing the energy
system [30]. The second perspective defines smart energy systems as the technologies and
the accompanying infrastructure that integrate the components of the energy system. This
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approach specifically emphasizes the emerging need for flexibility in the energy system,
imposed by the integration of renewable sources [31].

Whether based on artificial intelligence and automation or the integration of smart
grids in the energy system, smart energy systems face crosscutting issues, such as inter-
operability, cybersecurity, standardization, and interoperability. Among the challenges
associated with interoperability for smart metering, the significance of the organizational
construct for interoperability is mostly cited as a significant challenge. On the other hand,
interoperability challenges concerning a scale from smart homes to smart cities are also
discussed, identifying standardization, microservice architecture, fog computing, and open
source as the proposed solutions to achieve interoperability [32,33]. An analysis of the com-
ponents of smart grid architecture highlights interoperability and cybersecurity challenges
as outstanding concerns. In this sense, the involvement of a multitude of stakeholders
and different architectures for different layers of the smart grid brings about additional
complexity issues in terms of interoperability. Concerning cybersecurity, challenges arise
from the increased integration and communication between the components of smart grids,
making the smart grid more vulnerable to cyberattacks [34]. A thorough review of the
security and privacy standards for smart grids pinpoints cybersecurity and resilience in
communication processes as prerequisites for the reliability of smart grids [35]. Cybersecu-
rity issues with the smart grids, and the increased vulnerability due to massive amount of
network activities and data exchange, pose additional challenges for smart grids, includ-
ing network-based communication systems, embedded processors, control systems, and
telecom network insecurities [36]. Cybersecurity issues in smart grids are also addressed
with an emphasis on privacy concerns regarding the protection of consumption data of
consumers. To this end, blockchain-based models, e.g., for data aggregation in smart grids,
are proposed [37]. Deep learning and neural networks are utilized as tools to characterize
and determine new types of cyberattacks to the smart grids [38].

Developing smart energy technologies is seen as a significant priority across the globe,
especially in Europe. European countries have long attempted to reduce carbon emissions
and achieve sustainability goals, in line with the Paris Climate Agreement [9,28,39-42].
However, developments are slow, with a limited spread of awareness about smart grids
and smart technologies [28].

Smart energy technologies, as key components for energy transition, have a crucial
role in terms of accelerating the sustainability objectives of Europe. Smart grids and smart
energy technologies are vital in reducing carbon emissions and increasing the share of
renewable energy and the efficiency of the power sector. In this sense, the behaviours
of formal social units, collective decision-making units, and individual consumers play
important and different but complementary roles in the energy transition process [15].
Recent studies in the literature point to strong links between energy transition and a variety
of social, economic, and environmental aspects, including poverty reduction, inequality,
climate change mitigation, national security, economic growth, and global energy trade.
Hence, an effective energy transition should include a gradual shift towards a more mod-
ern, comprehensive, sustainable, affordable, and secure energy system that can provide
solutions to global energy challenges [4].

Consideration of the three levels of decision-making also highlights a range of different
but largely interdependent factors in the shift towards an effective energy transition. With
regard to formal social units, for instance, government support, energy behaviour, and
smart controls are crucial for the energy transition process [43]. As well as their need
for support, formal social units themselves have a critical role in implementing public
policies and regulations for the success of smart grids [44,45]. In this context, the electric
vehicle industry is also a significant participant in smart grid transition and is considerably
affected by tax regimes and subsidies [46]. Also crucial in terms of renewable energy
implementations is the development of infrastructures [47]. When considering the failure
of smart energy applications, one of the foremost factors is a lack of general and inclusive
practices [48]. Other barriers include social resistance and uncertainty over the profitability
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of smart grids that, in turn, further stimulates resistance. These issues can lead to short-term
financial reservations, acting as barriers to the process [49-51].

Regarding smart energy implementations, important variables for collective decision-
making units are community acceptance and trust [52]. Even when these are achieved,
concerns about climate change rarely turn into action. The two main difficulties behind
this phenomenon are the inability to make connections between perceived problems and
possible solutions and the association of environmentally friendly actions with high costs.
A related key determinant that affects behaviours and actions regarding smart energy
is habitual behaviours, which require policy changes to stimulate people into moving
away from carbon-intensive lifestyles [53]. For collective decision-making units, energy
self-sufficiency is an important motivator and should be supported by policies [54]. Local
community energy initiatives and investments are important in achieving the future goals
of 100% sustainable energy, energy neutrality, and zero carbon emissions in the journey
towards “zero impact” [55].

Smart energy technologies are sensitive to consumer engagement and trust. Regarding
individuals, citizen, consumer, and social acceptance are identified as essential factors for
the success of smart grids [56,57]. The goal of acceptance of technological innovations
by consumers has not yet been reached, and interest remains limited to technology and
economic incentives. User acceptance is shaped by certain variables, such as demographics,
perceptions, experiences, and contextual factors [58,59]. Demographic factors such as
education, age and job status are strongly correlated with adaptation to smart technologies
and awareness of climate change [60]. Economic factors, such as income, also affect these
preferences and consumption patterns [61]. Another group of factors affecting attitudes
are household characteristics and country of residence [62,63]. Several studies support the
hypothesis that willingness to participate in low-carbon energy systems is related to higher
socioeconomic background and is inversely related to age [62,64]. Another important factor
is individuals” personal attitudes to the environment; environmental motivations have
been shown to increase willingness to accept smart environmental technologies [65,66].
However, unfortunately, due to a lack of knowledge and commitment, positive attitudes
rarely turn into action [53,67].

As with many aspects of energy transition, public awareness and social acceptance
are crucial for the deployment of smart energy systems. A content analysis was conducted
on tweets from Germany and USA in order to analyse public awareness and privacy
concerns regarding smart meters in the two countries, utilizing the Natural Language
Processing method. Higher awareness and higher tendency towards e-mobility in Germany,
as compared to USA, and increasing interest towards smart meters despite privacy concerns
were identified [68]. Society plays a critical role in smart city implementations. In this
respect, public awareness and social acceptance stand out as the main drivers for the
scalability of such implementations [69]. A study that investigated the level of awareness
of consumers and their acceptance of smart meters in Poland, utilizing the results of an
online survey conducted through social media platforms, concluded that, although social
media users are not very much interested in tracking their own energy use, energy savings
in households may be triggered by real-time information on their consumption. Likewise,
a higher awareness of smart meters is expected to lead more people to use smart meters
for energy savings. At this point, insufficient information provision through traditional
communication channels is identified as a significant factor affecting the awareness of
smart meters negatively. The social aspects are also determined to be important, where the
discussions and sharing of ideas among members of society, especially those pertaining
to positive experiences, are also determined as potential motivators for the deployment
of smart meters. Finally, data privacy concerns and the stress resulting from continuous
monitoring of increasing energy consumption are among the factors that adversely affect
social acceptance of smart meters [70]. Another study utilized a literature review and
a survey in order to identify the performance metrics for smart energy technologies for
households. The results identified perception and attitude as the main drivers of the
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adoption of smart energy technologies. The level of acceptance, in turn, was affected by
technical characteristics and features, interoperability, ease of use, trust, and economic
benefits as motivators, and by risk perceptions, cost considerations, privacy, and security
issues as barriers [71]. Through an investigation of the social acceptance of domestic
demand response among households utilized in case studies, it was concluded that, in
order to increase social acceptance levels for demand response, convenience needs to be
prioritized over monetary considerations. The results also pointed to the characteristics of
the appliances, as well as external factors such as weather conditions, space requirements,
and the social environment, as significant factors affecting social acceptance. Factors related
to reliability, ease of operation, ease of feedback, and interoperability were also identified
as important aspects concerning acceptance [72]. The effects of the COVID-19 pandemic on
smart energy technologies have also been discussed in recent studies. The boost in the use
of online technologies, including remote control and operation of systems, coupled with
the deployment of smart energy technologies such as smart meters, brings about a new
discussion of social acceptance versus enforced conformity to such implementations. In
such a setting, in order to achieve the social acceptance of smart energy systems, a more
inclusive discussion involving policy makers, society, technology developers, and user
groups is needed for adapting these systems and technologies according to user needs and
preferences, as well as alleviating concerns regarding data protection and privacy [73].

Efforts from policymakers concerning the uptake of smart energy systems involve
promoting the development of smart grid capacities, public awareness-raising, and be-
havioural or perception change strategies. A review of smart grid-related policies of the EU,
along with the challenges faced, progress made, and likelihood of success of these policies,
marks the Strategic Energy Technologies (SET) as the initial policy tool for supporting the
development of support grids, followed by the roadmap and the strategic research agenda
for 2035. The initial action plans include initiatives and funding schemes for smart grids
established at the EU level as well as national levels. The smart meter deployment program
is the first smart grid project at the EU level. Starting in 2001, this project resulted in up to
10% reductions in energy consumptions through the installation of 45 million smart meters
in 12 EU countries [74]. As of 2017, around 950 smart grid projects in the EU are identified.
The highest number of projects are observed in Germany, the United Kingdom, Denmark,
Spain, France, and Italy, respectively, whereas the highest smart grid investments are in
Germany, the United Kingdom, France, Spain, Denmark, and Italy, respectively. There are
significant differences between member states in terms of the quantity, size, and general
progress of smart grid projects. The factors affecting these differences are identified as
policy frameworks, regulatory infrastructure, promotion schemes at the national levels,
convenience for foreign investment, availability and adoption of roadmaps for smart grids,
availability of national funding, or European co-funding. Overall, most smart grid projects
are financed through private investment, with national or European funding motivating
and supporting investments. The actors with the highest levels of investment are the
distribution system operators. Public institutions, utility companies, transmission system
operators, retail companies, industry associations, universities, and other non-traditional
stakeholders, such as housing associations, the utility companies of local governments,
energy cooperatives, and transportation companies, are observed to increase their smart
grid investments [8].

A significant result from the literature review is that, despite the pioneering work of
policymakers, smart energy transition is impossible without engagement at the level of
the individual and society. Hence, it is of utmost significance to understand individuals’
perspectives, opinions, perceptions, and behaviours. The same principle applies to the
policy-making processes, where consideration of citizens as individuals, and of their
perceptions, awareness, and acceptance, is a prerequisite for formulating well-designed
and implementable policies.

It is important to note that the studies in the literature have limited geographical foci
and that the current manuscript is the first effort to cover the majority of European countries.
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3. Methodology

The analysis in this manuscript is based on a quantitative analysis involving the
investigation of the correlation between demographic and socioeconomic variables, se-
lected as independent variables, and three types of variables pertaining to perceptions
and behaviours regarding smart energy systems, selected as dependent variables. The
independent variables for demographics are “age” and “gender”, and for socioeconomic
variables, “income level”, “education”, and “employment”. The three types of dependent
variables are classified as “awareness”, “readiness for action”, and “action” regarding smart
energy systems.

The correlations for independent and dependent variables are analysed for each
country subgroup, Western and Eastern Europe.

Figure 2, below, illustrates the research design of the manuscript.

Figure 2. Research Design.

3.1. Data Selection and Research Design

A survey methodology was widely used in understanding individuals” opinions,
actions, and preferences on a particular subject, as well as their overall attitudes. For
instance, the factors that motivate individuals to adopt “smart consumption and production
behaviours” were investigated through a survey [74]. This understanding is important
for implementing effective behaviour-change initiatives and potentially contributes to the
acceptance of smart grids. Online survey data was also utilized to examine the participation
of Dutch citizens in the smart energy transition process [75]. Survey methodology was
also used in the analysis of individuals” behaviours in energy transition, electric mobility,
energy savings, and energy efficiency improvement [76-80].

This manuscript utilizes a comprehensive international survey to understand indi-
viduals’ positions regarding energy choices in the transition to renewable systems. The
survey used was conducted as part of the European Commission-funded ECHOES (Energy
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Choices supporting the Energy Union and the Set-Plan) project. The survey was designed
to increase the understanding of factors that influence individuals” energy-related choices,
behaviours, and beliefs, and contains responses from 31 countries, the EU-28 (including
the United Kingdom), Norway, Switzerland, and Turkey. The survey was conducted on-
line within a timeline of four months in 2018 through a recruitment process utilizing the
random sampling technique. In total, 18,037 respondents took the survey in 1 of 28 lan-
guages. The 114-question online survey reached groups of varying age ranges, incomes,
and socio-cultural backgrounds, and was balanced in terms of respondents’ gender.

Of the three themes covered in the survey, namely, electric mobility, energy efficiency in
buildings, and smart energy technologies, this manuscript focuses solely on the last mentioned.

Representativeness of the data was verified by an analysis of the descriptive statistics
for the demographic and socioeconomic variables. This analysis was performed for the
whole data, the Western European data, and the Eastern European data. The results show
that the data is representative of the associated population, hence the conclusions drawn
from further analysis of the sample can be generalized to the associated populations.

The second step of the analysis involved the identification of survey questions con-
cerning smart energy systems and classifying these into three categories: “awareness”,
“readiness for action”, and “action”. Out of the 114 questions of the ECHOES International
Survey, 22 questions were identified as relevant to smart energy systems. Accordingly, of
the 22 questions identified, 9 were associated with “awareness”, 11 with “readiness for
action”, and 2 with “action”. Table 1 illustrates these questions and their classification.

Table 1. Smart Energy-Related Survey Questions and Their Classification.

Smart Energy-Related Survey Questions Awareness fofzacctli}:m Demonstrates Action
Interested to invest in renewable +
Feel proud if people save energy +
Angry that people do not save energy +
Renewable benefits environment +
Renewable creates new jobs +
Temperature rise +
Temperature rise because of human activity +
Perceive oneself as citizen of the country you live in +
People would support if I used less energy +
People would support if I favoured energy policies for energy transition +
Growing number of people try to save energy +
Growing number of people support policies for energy transition +
People can act together for energy transition +
I can do a lot for energy transition +
I feel obliged to be energy efficient +
I feel obliged to support energy transition policies +
Acting pro-environmentally is an important part of who I am +
Relationship with natural environment +
Energy use in relation with energy transition +
Accept energy transition policies even if some extra cost +
Accept energy transition policies that create new jobs even if some extra cost +
More environment friendly if most other people are +

The relationship between the independent and dependent variables are analysed using
the t-Test, with a significance level of & = 0.05.
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3.2. Statistical Analysis
3.2.1. Descriptive Statistics and Representativeness of the Data

The demographic and socioeconomic variables, along with their ranges are given in
Table 2 below:

Table 2. Demographic and Socioeconomic Variables and their Ranges.

Variable Group Range
18-34
35-44
45-54
55+
Male

Age Demographic

Gender Demographic Female
Other
Paid Employed (>30 h per week)

Paid Employed (<30 h per week)

Self Employed

Retired /pensioned

Employment Socioeconomic
Doing housework and not in paid employment

Full time student

Unemployed
Other

Elementary or secondary school

Professional training (practical skills)

Education Socioeconomic A-levels (qualification for university entrance

University or college degree

Other

>median income of the country of residence

Income Socioeconomic — -
<median income of the country of residence

In survey studies, the representativeness of the sample is essential for reliability and
accuracy. To verify the representativeness, the following dimensions were analysed: age,
gender, employment, education, and income. In the following section, we present the
representativeness analysis for the whole sample and the Eastern and Western European
respondent subsamples. The Eastern—-Western grouping of respondents is based on the
United Nations (UN) classification.

Figure 3 illustrates the distribution among age groups. The analysis of the distribution
of age groups reveals that the youngest group was the largest; the highest number of
respondents were in the 18-34-year age group (34.8%). The population of the analysed
sample was generally younger than Europe’s median age, which is 43.1 years [81].

Of the respondents, 6630 were residents of Eastern European countries. The age distri-
bution of this subsample is as follows: The 18-34 age range has a share of 36.5%, 35-44 has
21.9%, 45-54 has 20.2%, and 55+ has the remaining 22.5%. The age range with the highest
number of respondents is 18-34, while the other age groups had approximately equal
shares. Therefore, it is expected that the sample will generally reflect the characteristics of
this larger younger group.
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Figure 3. Distribution of Age Groups.

The Western European subsample has a higher number of (11,156) respondents. The
age distribution of this subsample is as follows: The 18-34 age range has a share of
33.7%, 35-44 has 23.3%, 45-54 has 20.2%, and 55+ has the remaining 22.7%. Hence, the
Western Europe subsample has similar characteristics to the main sample in terms of
age distribution.

Regarding gender, the sample consists of 9099 men, 8930 women, and 8 others. Figure 4
illustrates the frequencies of gender; the distribution of male and female is calculated as
50.4% and 49.5%, respectively.

All Sample East West

B Male ®Female mOther

Figure 4. Distribution of Gender.

Of the Eastern Europe respondents, 51% (3379 respondents) are male, and 49% (3251 re-
spondents) are female; thus, this is representative in terms of gender distribution.

In terms of gender, 50.1% (5592 respondents) are male, 49.8% (5556 respondents)
female, and 0.01% (8 respondents) replied as “other”. The Western European subsample is
representative in terms of gender distribution.
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Figure 5 depicts the frequency distributions of the main sample of the ECHOES Inter-
national Survey and East and West subsamples regarding employment status. According
to the European Commission (EC), as of February 2018, the rate of unemployment in the
Euro area was 8.5% [82]. In the sample, this rate is 6.1%. However, this figure excludes
students, people doing housework, those not in paid employment, and retired people.

100%
80%
60%
40%
20%
0%
ECHOES East West
m Paid employed (>30 hours) m Paid employed (<30 hours)
m Self employed Retired/pensioned

M Doing housework (not in paid employment) B Full time student

B Unemployed m Other

Figure 5. Distribution of Employment.

In terms of employment, 62.2% of the Eastern European respondents are in paid
employment (30 h a week or more), and 11.6% are retired/pensioned. Hence, the Eastern
Europe subsample generally matches the whole sample in terms of employment, but with
a lower proportion in the “unemployed” category.

51% of the Western European respondents are in paid employment with 30 or more
hours a week, and 9.1% with fewer than 30 h. The percentage of retired /pensioned is 13.4%.
These results are in line with both the Eastern European subsample and the overall sample.

Regarding the levels of education demonstrated in Figure 6, around 48% of the sample
have at least university or college degrees, followed by 21.7% for A-levels (university
entrance qualifications); i.e., it seems that the survey was generally completed by the
better educated.

100%

80%

60%

40%

20%

0%
All Sample East West

M Elementary or secondary school M Professional training (Practical skills)
 A-Levels (qualification for university entrance) & University or college degree

M Other

Figure 6. Distribution of Education.
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For the Eastern Europe group, university or college degrees predominate with 56.2%,
followed by “A-levels” (university entrance qualifications) with 25.4%, suggesting that the
survey was generally completed by the better educated. For the level of education, the
highest proportion was “university or college degree” with 45%, followed by professional
training (practical skills) with 20.1%, and A-levels (university entrance qualifications) with
19.6%. The education level of the Western European cluster, therefore, is relatively lower
than the Eastern European group, which reflects the situation in the general population.

The survey question regarding respondents’ income levels was formulated in compar-
ison with the median income of the country of residence; i.e., the associated responses were
normalized. Figure 7, presented below, shows the distribution of income levels: 76.7% of
the respondents’ incomes was greater than their country’s median; i.e., the survey generally
covers a higher-income sample.

100
80
60
40

20

All Sample East West

B Greater than median income M Less than median income

Figure 7. Distribution of Income.

Regarding income levels, 84.9% of Eastern European respondents stated that their
monthly income is higher than the country median, similar to the main sample.

Of the Western European subsample, 71.8% stated that their monthly incomes are
higher than the country median, in line with both the overall sample and the Eastern
European subsample, although the proportion was lower than both. However, this agrees
with the income distribution of the general population.

As a result, the overall sample, as well as both subsamples, can be considered representative.

3.2.2. Hypothesis Testing

In this part of the analysis, individuals” smart energy choices were compared in terms
of demographics and socioeconomic variables using the “Independent Sample t-Test” tool
of the SPSS software.

In the comparison process, for each subsample, each question was analysed separately
for each demographic and socioeconomic variable, as shown in Tables 3 and 4. In the
tables, ‘+” denotes a significant relationship as a result of the t-Test, and ‘—’ denotes that a
significant relationship has not been identified as a result of the t-Test on the sample.

t-Test Results for the Eastern Europe Subsample

Results of the statistical analysis of the Eastern European subsample show that 11 out
of 22 questions demonstrate significant differences with age, 20 questions demonstrate
statistically differences with gender, 7 questions with employment, 15 questions with
education, and 12 with income level.



Sustainability 2022, 14, 5902

14 of 24

Table 3. t-Test Results of Eastern Europe Subsample.

Survey Question Classification Age Gender Employment Education Income
Angry that people do not save energy Aware + + - + -
Renewable benefits environment Aware + + - + +
Renewable creates new jobs Aware - + - + -
Temperature rise Aware - + - + +
Temperature rise because of human activity Aware - + - - +
Perceive oneself as citizen of the country you live in Aware - + - + -
Growing number of people try to save energy Aware + - + - -
S;::g;né E:E;Iixtiilz;r of people support policies for Aware + + . _ .
Relationship with natural environment Aware - + + + +
Interested to invest in renewable Ready for Action + + + + +
Feel proud if people save energy Ready for Action + + - + +
People would support if I used less energy Ready for Action - + + + +
Eizfgl}e] xt/:;)rtllsl;dﬁzl;pport if I favored energy policies for Ready for Action B . B B .
People can act together for energy transition Ready for Action - + + - +
I can do a lot for energy transition Ready for Action - + + - -
I feel obliged to be energy efficient Ready for Action + + — + +
I feel obliged to support energy transition policies Ready for Action + + - + -
Accept energy transition policies even if some extra cost Ready for Action - + - — -
i)c;leepg ):strl:grci); ttransition policies that create new jobs even if Ready for Action _ + _ + _
More environmental friendly if most other people are Ready for Action + - + + -
;%:;ilng pro—environmentally is an important part of who Action + + _ + +
Energy use in relation with energy transition Action + + - + +

Considering the effect of age, in 4 of 9 questions in this subcategory, younger groups
are more “Aware” regarding smart energy systems as compared to older groups. Sim-
ilarly, younger groups are better prepared regarding 5 out of 11 “readiness for action”
or “mindset” questions and significantly more engaged regarding both questions in the
“active” subcategory.

As for the “awareness” questions, younger respondents have a greater appreciation
of the benefits of renewables for the environment. Moreover, they have stronger beliefs in
the role of society and consider that growing numbers are making efforts to save energy
and support energy transition policies. They also have stronger negative feelings towards
those resisting the trend towards energy conservation and other more environmentally
friendly measures. Regarding readiness for action, younger groups take more pride than
other age groups in energy-saving efforts. Regarding their own behaviour, this group feels
a greater obligation to be energy efficient and to support energy transition policies. Finally,
they have a greater commitment to investing in renewables. In terms of action for smart
energy systems, they are better able to adapt to the demands of the energy transition, and
more likely to define their actions as pro-environmental.

According to the t-Test results, the gender factor demonstrates a significant difference
with the highest number of dimensions, that is, with all but 2 (one corresponding to
awareness, the other, to readiness for action) of the 22 questions. That is, women are

VZAT7s

significantly more “Aware”, “Ready for action”, and “Active”.
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Table 4. t-Test Results of Western Europe Subsample.
Survey Question Classification Age Gender Employment Education Income
Angry that people do not save energy Aware - + - - -
Renewable benefits environment Aware + + — +
Renewable creates new jobs Aware + + - — -
Temperature rise Aware - + + + +
Temperature rise because of human activity Aware + + - + +
Perceive oneself as citizen of the country you live in Aware + + — —
Growing number of people try to save energy Aware - - - + +
S;::g;né E:E;Iixtiilz;r of people support policies for Aware B + . + +
Relationship with natural environment Aware + - + + +
Interested to invest in renewable Ready for Action - + + + +
Feel proud if people save energy Ready for Action - + - + +
People would support if I used less energy Ready for Action - — + - -
Eizfgl}e] xt/:;)rtllsl;dﬁzl;pport if I favored energy policies for Ready for Action B . . N +
People can act together for energy transition Ready for Action - + + - +
I can do a lot for energy transition Ready for Action - + - +
I feel obliged to be energy efficient Ready for Action — + + +
I feel obliged to support energy transition policies Ready for Action - + + + +
Accept energy transition policies even if some extra cost Ready for Action + + + -
i)c;leepg ):strl:grci); ttransition policies that create new jobs even if Ready for Action + + _ B _
More environmental friendly if most other people are Ready for Action - - - + +
;%:;ilng pro—environmentally is an important part of who Action + + _ + +
Energy use in relation with energy transition Action - + + + +

Employment status seems to have relatively less impact on perceptions and behaviours
concerning smart energy systems. Paid employed individuals demonstrate higher aware-
ness in only 2 of the 9 questions measuring awareness, 5 of 11 measuring mindset or
readiness for action, and in neither of the questions measuring activity regarding smart
energy systems.

Respondents in paid employment demonstrate a higher level of awareness than other
groups in the employment category, identify more strongly with the environment, and
are more aware of the growing trend towards saving energy. This group is also more
motivated by society to prepare for action regarding smart energy systems. Compared
to other groups, paid employees consider themselves more likely to be environmentally
friendly if most others are, believe that people would support reduced energy consumption,
and believe that people can act together for the energy transition. Hence, they have greater
confidence in their influence on energy transition and greater commitment to investing in
renewable energy.

Education level stands out as the most influential factor after gender, in the sense that
it demonstrates a significant difference with the highest number of dimensions concerning
smart energy system perceptions and behaviour. The better educated demonstrate aware-
ness in 6 of the 9 questions relevant to this issue, readiness for action in 7 of 11 questions,
and are already taking action, according to both relevant questions.

Respondents with higher education levels are more likely to perceive themselves
as citizens of their country, consider themselves to have a stronger relationship with the
environment, and are more concerned about temperature rise. Accordingly, they feel more
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discomfort with those not saving energy and see the use of renewables as an important
factor for the environment and employment. In this sense, they show greater support for
energy transition policies that create new jobs, even if at extra cost. In terms of mindset,
these respondents feel more obliged to be energy efficient and to support energy transition
policies due to their greater commitment to investing in renewables. In this sense, they have
greater trust in society, are more likely to become more environmentally friendly if most
others are, have a stronger belief that people support reduced energy consumption, and
thus, will support their own energy-saving efforts. In terms of actions, the better educated
are more inclined towards defining themselves as pro-environmental and to state that their
energy use is in line with energy transition.

Income level is the third most important socioeconomic factor, with significant results
for 12 out of 22 questions. Higher-income levels imply higher awareness in 4 of 9 questions,
higher readiness for action in 6 of 11 questions, and more activity in terms of smart energy
systems in both questions.

The results point out that the respondents with income levels above the country me-
dian are more likely to express stronger relationships with the environment and to believe
in the benefits of renewables for the environment. This group of respondents have a greater
awareness of rising temperatures and their human causes. Accordingly, they feel more
obliged to be energy efficient and take more pride in saving energy. Respondents with
higher income levels have greater trust in society, a stronger belief that people would
support their own efforts to save energy, and stronger support for energy transition poli-
cies. They also are more committed to investing in renewables and have greater faith in
collaborative action for the energy transition. In terms of actions, these respondents define
their actions as pro-environmental and are more likely to state that their energy usage is
in line with energy transition. The ranking between the effects of education and income
levels for the East European sample is also justified by multiple linear regressions, where
education has more than 50% higher coefficients as compared to income level.

t-Test Results for the Western Europe Subsample

Analysis of the survey data indicates more uniform results from the Western compared
to that of the Eastern European subsample, except in the cases of the relationship between
smart energy perceptions and behaviour with income level, which highlights a stronger
relationship. That is, for the Western sample, there is a smaller set of relationships that can
be attributed significant differences through the t-test. In the Western European subsample,
8 out of 22 questions demonstrate significant differences with age, 18 questions with gender,
8 questions with employment, and 14 questions with education, whereas 16 questions
demonstrate significant differences with income level.

Regarding the effect of age, younger groups in the Western European subsample
are more aware with respect to 5 of 9 relevant questions, more ready for action accord-
ing to only 2 of 11 relevant questions and have taken more action according to 1 of the
2 associated questions.

Younger age groups have a stronger connection with their country, in terms of per-
ceiving themselves as citizens. Likewise, they profess a stronger relationship with the
environment. They believe that rising temperatures are caused by human activity and see
renewables as a remedy. This is reflected by the younger group’s stronger belief, compared
to the other age groups, in renewables benefit the environment and employment. Their
greater trust in policies, as compared to other age groups, is shown by their acceptance
of energy transition policies, and their belief that these policies will create jobs, even at
some extra cost. In terms of actions, younger groups have a greater tendency to define their
actions as pro-environmental.

Only 2 questions regarding awareness and 2 regarding readiness for action lack suffi-
cient information for significant differences with gender. For the remaining 18 questions,
women have greater awareness, readiness for action and involvement in activities than men.
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For employment status, paid employment induces higher awareness in 2 of 9 questions,
higher readiness for action regarding smart energy systems, in 5 of 11 questions, and a
higher level of activity, in 1 of 2 relevant questions.

Western European respondents with paid jobs associate themselves more with the
environment than other groups in this category and also have a higher awareness of rising
temperatures. They demonstrate greater trust in energy transition policies, hold a stronger
belief that cooperation can bring energy transition, and are more committed to investing in
renewables. Regarding their perceptions about society, they have greater confidence than
the other groups in this category that society would support their efforts to use less energy,
and their backing for energy transition policies, which they feel obliged to support. They
also have a stronger belief in the potential for cooperation in the energy transition. In terms
of actions, they define their energy usage as being in line with energy transition.

As with the Eastern subsample, in the Western subsample, education is an important
driver regarding perceptions and behaviours pertaining to smart energy systems and is
the second most influential socioeconomic factor. Higher educational levels translate into
awareness for 5 of the 9 relevant questions, into readiness for action, for 7 of the 11 relevant
questions, and into action for both relevant questions.

Better educated groups show higher degrees of awareness regarding rising tempera-
tures, and that this results from human activity. They define themselves as having a strong
relationship with the natural environment, and also have greater beliefs in the growing
trend toward energy-saving efforts and supporting policies for the energy transition. Re-
garding their mindsets, higher education groups feel more obliged to be energy efficient
and to support energy transition policies, and they believe that energy transition policies
create jobs, even if at some extra cost. They are more oriented to how society behaves, more
likely to be environmentally friendly if most others are, take pride in saving energy, and
likewise, believe that people would support their positive attitude to policies for energy
transition. As individuals, better educated respondents are more committed to investment
in renewables, and in terms of actions, demonstrate more pro-environmental action and
energy use in the energy transition process.

Income level is second only to gender among demographic and socioeconomic factors.
Sixteen of twenty-two questions show that higher income levels significantly affect percep-
tions and behaviour towards smart energy systems. That is, significant results were found
between income levels and 6 of 9 questions for awareness, 8 of 11 questions for readiness
for action, and both questions for action.

Higher-income groups among Western European respondents have stronger aware-
ness regarding the natural environment, rising temperatures, and human activity-related
causes. They perceive renewables as beneficial for the environment. They also have
stronger confidence in the efforts of growing numbers to save energy and support poli-
cies for energy transition. Higher-income also has strong relationships with the feeling
of obligation to be energy efficient and support for energy transition policies, and the
high-income group is more environment friendly if most others are. As for the individual
perspective, higher-income respondents believe in their ability to influence the energy
transition process. They also have a positive attitude to investing in renewable energy.
Regarding their social environments, the higher income respondents take pride in people
saving energy, and in turn, believe that people would support them if they favoured energy
transition policies and that cooperation is possible for the energy transition. The ranking
between the effects of education and income levels for the West European sample is also
justified by multiple linear regressions, where income level has slightly higher coefficients
as compared to education.

Comparison of Results for the Eastern and Western Europe Subsamples

Results of the t-Tests have shown different levels of significance concerning the cate-
gories of awareness, readiness for action, and action for the Eastern and Western Europe
subsamples. Figures 812 demonstrate a comparison of the Eastern and Western Europe
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subsamples in terms of the percentage of questions in each category that suggest significant
relationships with age, gender, employment, education, and income, respectively.

Age
Awareness
Ready for action
Action
100% 0% 100%
East West

Figure 8. Comparison of East and West European Subsamples with respect to Age.

Gender
Awareness
Ready for action
Action
100% 0% 100%
East m West

Figure 9. Comparison of East and West European Subsamples with respect to Gender.

Employment

Awareness
Ready for action
Action

100% 0% 100%

East West

Figure 10. Comparison of East and West European Subsamples with respect to Employment.

Education
Awareness
Ready for action
Action
100% 0% 100%
East " West

Figure 11. Comparison of East and West European Subsamples with respect to Education.
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Income
Awareness
Ready for action
Action
100% 0% 100%
East West

Figure 12. Comparison of East and West European Subsamples with respect to Income.

In terms of awareness, the West European subsample demonstrates a slightly higher
level of association with age, whereas, concerning readiness for action and action, the
East European subsample demonstrates higher levels of association in terms of number of
questions that suggest significant relationship.

In both West European and East European samples, gender is observed to demonstrate
significant relationship with a high percentage of questions in all three categories, with a
slightly higher percentage for the East European subsample.

In terms of awareness and readiness for action, employment demonstrates a signifi-
cant relationship with around 20% of the questions, both for the East European and West
European subsamples. When readiness for action is considered, both subsamples demon-
strate an association with around 45% of the relevant questions. The two subsamples
reflect decidedly different results concerning action. For the West European subsample,
all questions regarding action point to a significant relationship with action, whereas in
the East European subsample, none of the questions concerning action have a significant
relationship with employment.

Education is associated with a high percentage of questions concerning awareness,
readiness for action, and action both for the West European and East European samples. The
association of education with awareness is slightly higher for the East European subsample
as compared to the West European subsample. For both subsamples, education displays a
significant relationship with all the questions concerning action.

The West European subsample demonstrates a stronger association with income level,
where the association is reflected by a significant relationship with 67% of the questions
concerning awareness, 72% of the questions concerning readiness for action, and 100%
of the questions related to action. For the East European subsample, the association of
income with awareness and readiness for action is lower, whereas 100% of the questions
related to action demonstrate a significant relationship with income level, as with the West
European subsample.

4. Conclusions

Renewable energy is an effective tool for countering climate change, and the survey
shows considerable interest in the transition to renewables and smart energy technologies.
Understanding citizens’ perceptions and behaviours regarding smart energy systems as
features of energy transition is crucial, not only for designing implementable and successful
policies but also for assessing and planning for the individual’s role in the transition.
Evidence from the literature highlights citizen awareness, acceptance, and involvement as
three critical components for initiatives in smart energy systems, and data on these should
inform policy formulations.

This manuscript utilizes data from an extensive international survey to provide insight
into how individuals perceive and behave toward smart energy systems and also reveals
the effects of key demographic and socioeconomic variables in the Eastern and Western
European subsamples.
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One significant result from this analysis is the importance of the gender dimension in
terms of all three dimensions: awareness, readiness for action, and action. This dynamic,
coupled with the fact that women have the primary influence on household decisions,
can be utilized to foster the deployment of smart energy technologies in homes. Energy
transition policies that target women in terms of increasing awareness, attitude change,
and participation in smart energy initiatives or the use of smart energy technologies can be
tailored to motivate the deployment of smart energy systems.

For Eastern European countries, other significant socioeconomic factors include edu-
cation level and income level, respectively. This result has several implications. To begin
with, more positive attitudes and behaviours towards smart energy systems are expected
to emerge in segments of society that have higher education levels. This segmentation may
be utilized towards the formulation of awareness increasing and information provision
campaigns regarding smart energy systems. Another way of utilizing this result is im-
plementing policies for increasing the level of education and incorporating sustainability,
climate, and environment-related topics into education curricula. Since, for the Western
European countries, income level turns out to have higher relevance to the adoption of
smart energy systems, policies targeting social acceptance can be designed towards lower-
income groups, emphasizing the economic benefits of smart energy systems, particularly
pointing out the affordability of associated investments. At this point, policies involving
incentive schemes, for instance, smart meters and publicity towards these incentives, may
also be effective. This result also points to the fact that efforts towards the fair and equal
distribution of income is also critical for the deployment of smart energy systems.

As the results do not demonstrate greater interest in younger ages concerning smart
energy systems, this points to a significant potential threat and calls for prompt policy
action. The younger population’s awareness is crucial due to the potential dynamism and
momentum they can provide smart energy initiatives. Hence, there is a need to focus on
both short-term action policies and plans for the implementation of awareness increasing
campaigns, training programs, initiatives, and incentives.

The results also highlight the potential for a mindset shift in the younger Eastern
European population, the potential drivers of future action for smart energy initiatives, and
an inevitable component of citizen empowerment for energy transition. However, this seg-
ment of society currently seems unprepared to lead without support from policies aimed at
increasing their own and their communities’ self-confidence to benefit the environment and
the energy transition process. These policies may include planning showcases demonstrat-
ing the benefits of community initiatives, providing the resources for individuals and the
community to contribute to the energy transition, disseminating examples of best practices
and implementation, and supporting schemes for community energy initiatives.

The outlook for Western Europe is less promising in terms of the younger population’s
actual action for smart energy systems; hence, policies should target the younger population,
emphasizing the need for action on the environment. The Eastern European countries
can utilize the policies of the Western European countries for increasing the awareness
levels of their younger population. In this sense, the direct support of local governments
and municipalities, or even less direct encouragement through initiatives, may serve as
enhancers and as examples to be replicated.

In Western European countries, collaboration and cooperation with industries and
the business sector can also be exploited for policy development. Policies formulated in
collaboration with industry representatives, chambers of commerce, and trade associations
should aim at increasing awareness and cultivating supportive and active mindsets regard-
ing smart energy systems, and energy transition in general. Such policies would involve
the support of businesses in schemes, funds, and incentives for smart energy initiatives,
such as rooftop solar systems, smart meter installations, and the use of waste heat, as well
as providing training programs, support for social responsibility projects regarding the
environment, and energy-saving initiatives.
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