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Abstract: Citizen participation via different investment schemes may be a promising solution to the
financing barriers inhibiting energy transition. In this regard, citizens may be approached as potential
investors in renewables, but, to mobilize their capital, strategies need to be developed. Much like
other services or products seeking to improve their market position, renewable energy investments
by citizens also require dedicated efforts to acquire a strong market position. Using a large sample of
Greek citizens, this study investigated whether it is possible to identify distinct and addressable citizen
clusters which can enable energy developers and marketers to effectively address the preferences
and needs of potential investor segments. The performance of k-means cluster analysis identified
four clusters: Indifferent Investors were neither driven by economic or social factors, Enthusiastic
Investors were motivated both by economic and social factors, Pro-environmental Investors were
driven by the environmental benefits, and Social Investors were motivated by the social aspects
of the investment. Moreover, each cluster demonstrated different levels of willingness-to-invest
in renewable energy and were knowledge about renewable energy investments. It was concluded
that citizens should not be approached as a homogeneous target group by marketing experts and
policymakers, while novel strategies should be followed.

Keywords: energy transition; renewable energy; socioeconomic drivers; citizen investment; cluster
analysis; attitudes to renewable energy

1. Introduction

The European Union (EU) is widely recognized as a leader in renewable energy due
to its continuous policy efforts to increase the penetration of renewable energy sources
(RES) in member states’ energy mixes. The energy policy of the EU is characterized by
setting increasingly ambitious targets, and more recently, it has set an EU-wide emission
reduction target of a minimum 55% net emissions by year 2030 as part of the “FiT for 55”
package [1]. The outcome of these efforts seems more critical than ever given the recent
energy crisis due to the armed conflicts around the globe. As future development is at risk,
the deployment of renewable energy sources is a necessary step for the continent. As an
EU member state, Greece presents an interesting case for the study of energy transition
because it has introduced a multitude of regulations and policies to promote the penetration
of renewable energy in its energy mix, and at the same time, it possesses a remarkable
renewable potential [2,3]. The country exerts great efforts to lower its greenhouse gas
emissions and, according to the latest national report, greenhouse gas emissions (without
measuring the levels of LULUCF) amounted to 77.50 Mt CO2 eq in 2021, showing a notable
decrease of 25.48% compared to reference year 1990, in which the emissions were equal
to 101.74 Mt CO2 eq (including all emissions sources) [4,5]. To contextualize the latter, the
corresponding emission reduction rate achieved across EU was 30% [6]. The impressive
decrease achieved by Greece can be ascribed, to a significant extent, to the policy efforts
to increase the installed capacity of renewables. More recently, Greece has revised its
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National Energy and Climate Plan and has set even more ambitious national targets to be
met by 2030 compared to EU-wide targets [7]. The new targets involve a minimum of a
35% percentage of renewable energy in the final gross energy consumption, a 42% decrease
in greenhouse gas emissions compared to 1990 levels, and an at least 38% rate of energy
efficiency in final energy consumption. Moreover, the Greek parliament has also passed the
Climate Law, which proposes additional mitigation measures, such as higher penetration of
electric vehicles (EVs) [8]. The country has also been implementing a highly radical lignite
phase-out schedule, which aims at the total decommissioning of all lignite plants. Despite
these efforts and the progress towards emission reduction targets, the country still needs
increase the install capacities of renewables. Yet, the transition to a renewable-based energy
system is facing significant cost barriers, and attention is required to closing investment
gaps because public finance alone cannot suffice to ensure continuous progress towards
the decarbonization of the energy sector [9,10].

As alternative financing concepts are required, investments in renewable energy
sources can be a straightforward way for citizens to participate in energy transition [11–14].
Citizens now have the option to participate in different investment schemes and, in this
way, to provide a considerable part of the capital necessary for the deployment of renew-
able energy [15]. In many EU countries, citizens have made substantial investments in
renewable energy, thereby contributing to their country’s energy transition by allocating
financial resources to energy policy implementation [16]. It is important to note, how-
ever, that in these countries, there were established mechanisms for citizen investment in
renewables [17].

The promising role of citizens in financing energy transition brings forward the need to
conduct more research to understand the intricacies of citizen decision-making. So far, many
studies on the subject have focused on the sociodemographic, financial, and non-financial
variables that affect investment decisions [11–14]. From a broader perspective, it has been
observed that all investments, including those made by citizens, are resulting from rational
and well-calculated decision-making. In this regard, marketers and energy developers
should not be surprised that citizens tend to express rational and well-rounded preferences
for renewable energy investments and, most notably, for return on investment [18,19].
Moreover, citizens, as potential RES investors, have been found to prefer investments
where the certainty of financial returns is considerable [20,21]. Return on investment has
also been found to be more influential to citizens’ investment decision compared to the
estimated investment depreciation [20].

In addition to the factors described above, other economic factors that have a posi-
tive effect on investment decisions involve incentives, such as subsidies, tax credits, and
financing aid for house improvements (in cases where the incentives are intended to induce
investments in solar energy). More analytically, Vasseur and Kemp [15] indicated that
incentives, along with aid for house improvements, act as strong motives for citizens to
invest in residential photovoltaic systems. Conversely, the risk of the investment can act
as an inhibiting factor for citizens that are principally interested in the certainty of the
investment [21]. At the same time, citizens express an acute aversion to long-term invest-
ments, and it is due to this aversion that citizens feel more comfortable to invest along with
energy communities or public electricity companies [21]. A recent study has confirmed that
citizens as investors are very sensitive to the risk of losing the entire investment [22].

Another critical economic factor in citizens’ decision-making is the cost of the invest-
ment, which, if deemed too high, acts as a barrier per se to investments in renewables [23].
The study by Vasseur and Kemp [15] indicated that the investment cost was seen as the
primary obstacle to investing by the majority of respondents. In addition, around half
of respondents in the same study thought that the cost must be significantly reduced for
them to invest, and many of them would invest only under a highly attractive subsidy
scheme [15]. The crucial role of cost in investment decision-making also accounts for
high-incomers’ higher willingness to invest compared to those with fewer financial re-
sources [24], but it also places attention on the adverse influence of insufficient savings
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and restricted loan access on RES investment decisions [21]. In contrast to the cost, lower
anticipated household electricity costs due to RES investment act as a strong motivation for
householders, especially with regard to investments in residential renewable systems. In
such cases, achieving electricity cost reductions through investments in RES seems to be a
strategic choice for citizens with an excess of disposable income that try to ensure lower
household expenses in the future [25].

In addition to the economic factors discussed above, citizens’ investment decision
is also affected by social factors. Specifically, individuals’ perceptions about their role in
society and their ability to influence other society members can be a motivating factor. Schel-
ley [26] noticed that a considerable part of citizens who had adopted residential renewable
systems viewed themselves as advocates for the feasibility of residential renewable systems
and believed they should set an example within their community. At the same time, the
social circle of potential investors is often a strong driver because if adopters are included
in it, potential investors are able not only to become acquainted with new technologies
and explore their feasibility, but also discuss their concerns [27]. In addition, individuals
may also be persuaded to invest if community members that are viewed as significant by
the community have invested or if the investment is highly valued by most community
members [28]. The strong effect of community attitudes was recently corroborated by
Knauf and le Maitre [29].

The technique of market segmentation may prove useful in providing a new angle
of the role of socioeconomic factors in citizens’ investment decisions, as it is a procedure
in which the potential market is divided into distinct subsets of individuals who express
the same needs, preferences, and priorities [15,30]. There are many advantages to this
approach, and most importantly, it enables marketers to address the problem of consumer
heterogeneity by segmenting them in order to identify and address different clusters.
Marketers are also able to choose one or more clusters as a target market and reach them
with the use of tailored marketing strategies and tools. To put this differently, this kind of
approach enables marketers to capitalize on the preferences and needs of consumers in
each cluster in order to enhance the probability of as many of them as possible choosing the
product or service in question. The fundamental idea underlying market segmentation is
that consumers are different, and thus one strategy cannot be effective for all of them [15,30].

Much like every kind of service or product that seeks to improve its position in
the market, renewable energy investments can also be seen as a product that requires
dedicated efforts in order to acquire a strong market position. To that end, it is necessary to
better understand citizens’ decision-making and try to segment them in order to develop
strategies to mobilize their capital. Despite the potential benefits of citizen segmentation,
there has so far been scant research efforts on developing citizen RES investor clusters.
Of the existing research works, Vasseur and Kemp [15] conducted a web-based survey
in 2011 on householders in the Netherlands and developed a segmentation model for
technological innovations. The clusters were based on whether the adoption was voluntary
or not, as well as on whether the household could be characterized as a potential adopter
or rejecter. Petrovich et al. [31] examined Swiss homeowners’ preferences for building
retrofits and developed two clusters of potential solar adopters, with the ‘premium’ segment
expressing preference for colored and building integrated solar systems, and the ‘value’
segment being more sensitive to the price of the systems. Another segmentation study was
performed by Ebers, Broughel, and Hampl [32] in Austria and Switzerland, and focused on
the socio-demographic and the socio-psychological characteristics of potential investors.
This study managed to identify four clusters of potential investors based on their place of
residence (urban and rural dwellers), as well as on their acceptance of wind energy projects
in the vicinity of their residence. The groups were described as rural and urban wind
energy enthusiasts and as urban and rural wind energy skeptics. More recently, Gáspár
et al. [33] examined investment preferences based on sociodemographic characteristics,
and identified a group preferring green investment aspects to financial returns and a group
that can be affected by suitable marketing strategies.



Energies 2024, 17, 3576 4 of 15

Another stream of the literature has developed clusters of residents according to their
willingness to participate in energy communities. Specifically, Wang et al. [34] classified
residents in three clusters according to innovation diffusion groups in view of their attitude
to participate in energy communities: Earlier Adopters, Mid-term Adopters, and Later
Adopters. Heiskanen et al. [35] examined investor heterogeneity in Finland by focusing
on investment drivers and available investment options, and identified investors whose
investment was induced by profit seeking motives through the feed-in-tariff system and
those investors who were mostly real estate owners and invested in heat pumps in order to
benefit from the low interest rates.

It can be seen that numerous previous studies on citizen willingness-to-invest in
renewable energy have primarily examined the economic and social factors affecting citizen
decision to invest, while the true extent of this influence remains somewhat vague. That
is, most studies have noted the role of socioeconomic factors, but very few of them have
tried to examine whether and how economic in conjunction with social factors affect citizen
decision-making. Moreover, most relevant studies often depend on datasets derived from
small sample sizes, while much research focuses on citizens that have already invested in
specific investment schemes rather than on non-investors whose willingness-to-invest is
much more relevant to examine if we are to devise new strategies to mobilize citizen RES
investment. Furthermore, the ability to classify citizens based on how they evaluate the
effect of socioeconomic factors is underexplored, even though it may hold the potential to
introduce a novel approach to policymaking design. There is thus a remarkable gap in the
literature which is crucial to fill for various reasons. Understanding how citizens can be
classified according to their evaluation of socioeconomic investment drivers is necessary in
order to inform targeted interventions and support mechanisms. A precise idea of citizen
decision-making may also be the missing link to designing investment mechanisms that
correspond better to citizens’ needs and preferences. It is, therefore, worthwhile to examine
if such segmentation is possible because this may reveal novel nuances that may have
been missed in marketing strategies and policies. In addition, as attitudes to renewables
constantly change, it is necessary to conduct research regularly so that marketers and
policymakers have a precise idea on the factors that affect citizen investment [27]. Using a
large citizen sample that allows for a better differentiation among clusters, this study aims
to investigate whether it is possible to identify distinct and addressable citizen clusters
which can enable energy developers and marketers to effectively attract and address the
preferences and needs of potential investor segments.

The remainder of this paper is structured as follows: The second Section describes
in great detail the methods that were followed to carry out the study, and then, in the
third Section, the developed clusters are presented. Afterward, the results reported in this
paper are discussed, and in the last Section, conclusions are reached and study limitations
are stated.

2. Research Methodology
2.1. Research Area

The analysis presented in this paper is part of a broad research that focused on citizens’
attitudes towards renewable energy investments. The study area involved all households
in Greece, a member state of the EU located in southeastern Europe. Greece was chosen as
the study area because it has a notable renewable energy potential and, if energy transition
is successfully implemented, the country can become a remarkable renewable energy
producer in the EU [2,3].

2.2. Questionnaire Design and Sampling Method

The research was performed using a structured questionnaire which was constructed
drawing on the literature on citizen investors’ socioeconomic profile, motives, barriers,
and preferences [11,15,18–21,23–25,32]. In addition, the design of the questionnaire took
into account the policy framework in place for investments in renewables in the study
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area ensuring that investment parameters were considered in the content of the items. The
questionnaire involved eight thematic sections gathering information about (i) respondents’
perceptions of energy topics, (ii) their knowledge on RES investments, (iii) their willingness
to invest, (iv) their evaluation of economic, environmental, and social factors affecting
the investment decision, (v) their perceptions of barriers to RES investments, (vi) their
satisfaction levels with various stakeholders’ actions to enable RES investments, (vii) their
environmental attitudes, and (viii) their sociodemographic characteristics. Results reported
in this paper are based on the data from the fourth Section, which examines respondents’
evaluation of factors affecting their decision to invest in renewables. It should be noted that
all items were measured with a five-point Likert scales to enable a higher level of precision
and a wide range of statistical analyses.

The efficacy and accuracy of the questionnaire was ensured by performing a pilot
study on a limited sample of 30 Greek citizens from diverse socioeconomic backgrounds.
In view of the results of the pilot study, some changes were made. Specifically, a few
phrases in the items had to be reworded to ensure that they would be understood by
respondents, the response scale for one item had to be changed to facilitate responses, and
the order of three items was re-arranged to improve the coherence of the questionnaire
and to avoid confusion among respondents. In accordance with Law 4521/2018 and, in
particular, the provisions stated in Article 23, this research applied for and was granted
a permit from the Research Ethics Committee of the Democritus University of Thrace
(Decision No. 3/9 December 2019), the entity responsible for examining and approving
every research conducted by researchers affiliated with the university.

To recruit respondents and to attain a representative citizen sample, the simple random
sampling method was used [36]. Compared to other sampling methods, this method has
also some distinct benefits, and most importantly, it does not require a very high level
of knowledge about the population under study [37,38]. The population under study
consisted of all households in Greece. It should be noted that the use of households
is a classic case of utilizing a group of people as a sampling unit, while this method is
significantly more convenient and affordable [39]. The process of choosing one member
from each randomly selected household ensured that the same member would not be
always chosen [36,39].

To calculate the sample size, the formula of simple random sampling (1) was used,
and in particular, simple random sampling without replacement was employed. For this
reason, the factor of finite population correction could be excluded, as the size of the sample
(n) was somewhat ‘limited’ in comparison to the population size (N) [40]. According to our
estimation, 1536 citizens had to participate in the study.

n =
t2 · p̄ · (1 − p̄)

e2 =
1.962 · 0.50 · (1 − 0.50)

0.0252
∼= 1536 (1)

In this formula, t expresses the value of Student’s t-distribution with (1 − α) = 95.0%.
In this calculation, n − 1 degrees of freedom are used, while e expresses the level of precision
(that is, the margin of error). Because the size of pre-sampling is somewhat large (greater
than 50), the value of t is retrieved from standard normal distribution tables, and in this
way, for a probability of 95%, the value is 1.96 [40]. In addition, the p-bar estimates the
proportion, and e expresses the highest acceptable difference between the sampling mean
and the mean of the unknown population. It may be accepted that it is 0.025, i.e., 2.5%.

Moreover, pre-sampling using a sample of 50 subjects had to be conducted in order to
estimate the real proportion of the population for each variable. This was a necessary step
because the questionnaire must be able to accurately calculate a substantial number of dif-
ferent variables. The variable ‘Gender’ was the one that gave the highest sample size, and
when the calculated sample sizes are similar but may be afforded, then the highest sample
size must be selected [40]. All questionnaires were filled in through personal interviews
with the respondents in order to ensure that questionnaires were fully understood and com-
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pleted. Finally, 1536 respondents participated in the study, and to ensure their anonymity,
the questionnaires were placed in envelopes and were destroyed after data coding.

2.3. Data Processing

After questionnaire collection, the data were coded and entered into the Statistical
Package for Social Sciences (SPSS, version 22). Prior to cluster analysis, factor analysis had
to be performed to decrease the number of observed variables into fewer latent variables
(factors) which would retain the most information of the initial dataset [41]. As for the
significance of the principal components, we used the criterion proposed by Guttman
and Kaiser, according to which, the limit for acquiring the necessary number of principal
components is determined using the eigenvalues that are ≥1 [42,43]. The analysis was
completed with a varimax rotation of the principal components to optimize results [44]. A
factor analysis was used in this study to obtain the factors from the following multivariates:
‘economic reasons for investing in renewable energy (Q7)’ and ‘social reasons for investing
in renewable energy (Q9)’.

K-means cluster analysis was chosen for this study because it classifies observations
into a predefined number of clusters (k), optimizing inter-cluster differences and minimiz-
ing intra-cluster variance on specified variables [45]. In addition, in the k-means method,
the first observations can be reclassified into another cluster if it is a more suitable fit. This
type of clustering provides a series of solutions which correspond to different numbers
of clusters, that is, k-means [46]. In k-means clustering, the algorithm used for defining
the contribution of observations is based on the closest classified centroid. An observation
falls into the cluster which presents the smallest distance between the observation and
the cluster centroid. If centroids are already known, they can be defined in the start. If,
however, they are not known, they need to be estimated through an iteration process. The
application of k-means clustering means that the classification of new observations into
clusters is based on the proximity of each observation to these centers [45]. The center
of each cluster is merely the numerical mean of all variables for the variables falling into
the respective cluster. The initial values of the new observations are then standardized in
z values, and afterward, the Euclidean distances from cluster centers are estimated. The
observation falls into the cluster that presents the smallest distance [47].

Following the integration of new observations into clusters, the estimation of the
clusters’ real centers becomes feasible. These values are the final centers (centroids), which
are slightly different from initial ones, especially in cases where the observations had not
fallen into any cluster previously. The distances are able to indicate the degree of the
differentiation among clusters, and this is achieved through the estimation of Euclidean
distances for every two centers [47].

To build the citizen typology, a series of steps were followed. First, the variables to
establish the typology had to be selected. The selected variables involved the economic
and social factors affecting the respondents’ decisions to invest in renewable energy. As
this was a high number of variables, a factor analysis had to be performed in order to
discover the relationships among the variables and underlying dimensions. Then, to
identify the most appropriate number of clusters, various clustering combinations were
examined. Afterwards, respondents were classified based on the selected criterion using
cluster analysis and, finally, results were evaluated [46]. The description of citizen profiles
also took into account respondents’ demographic characteristics as well as investment-
related variables. It is important to note that the chi-squared test was performed to verify
that the clusters differ in terms of sociodemographic variables. Finally, a typology of citizens
was established, and the types were named by the researchers in a way that reflected the
citizens’ characteristics in relation to their evaluation of socioeconomic factors related to
RES investments.
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3. Results
3.1. Sample Characteristics

In the sample, female respondents outnumbered (by 51.6%) their male counterparts,
and with regard to age, most respondents were aged 41 to 50 years old (by 27.9%). With
regard to occupation, the respondent percentages who reported being employed in the
private (by 21.2%) and public (by 19.9%) sectors were considerably higher in comparison
to the other occupations. Regarding education level, most respondents were university
graduates (by 22.3%), as well as upper secondary school graduates (by 20.8%). Regarding
respondents’ family status, around half of them were married (by 51%), while a considerable
percentage reported having two children (by 28.3%). Most respondents reported residing
in urban centers (by 64.1%). As for their annual income, 28.5% of reported earning between
EUR 10,001 and EUR 20,000, and 20.1% reported earning between 5001 and 10,000 Euros
a year.

3.2. Profiling Citizens as Potential Investors in Renewable Energy

In order to investigate the underlying structure of respondents’ views on the economic
and social reasons for investing in renewable energy, a principal components analysis
with Varimax rotation was carried out. Regarding the multivariate ‘economic reasons
for investing in renewable energy (Q7)’, Cronbach’s alpha value was equal to 0.883, the
Keiser-Meyer-Olkin index scored 0.888, and a Bartlett’s test of sphericity rejected the null
hypothesis (Chi-Square = 5932.216, df = 6, p < 0.001). The analysis yielded two factors,
‘Subsidies, low investment taxation and improved income and electricity cost (PC1_1)’
and ‘Optimal investment opportunity and protection from oil price fluctuations (PC1_2)’
(Table 1).

Then, to examine the structure of responses for the multivariate ‘social reasons for
investing in renewable energy Q9’, a principal components analysis with Varimax rota-
tion was again performed. Cronbach’s alpha value was 0.802, the Keiser-Meyer-Olkin
index scored 0.712, and a Bartlett’s test of sphericity rejected the null hypothesis (Chi-
Square = 3283.840, df = 10, p < 0.001). The analysis gave two factors: ‘Boosting social profile
(PC2_1)’ and ‘Pro-environmental behavior and example (PC2_2)’ (Table 1).

In order to identify the structure underlying citizens’ views on the economic and
social reasons for investing in renewable energy sources, second-order factor analysis was
performed. Before the performance of the second-order factor analysis, the following
necessary tests were carried out: the Keiser–Meyer–Olkin index had a value of 0.448, and
Bartlett’s sphericity test rejected the null hypothesis (Chi-Square = 350.703, df = 6, p < 0.001).
The analysis gave two factors. The first factor (P1) is named ‘Pro-environmentalism,
favorable investment conditions and benefits for income and electricity cost’ and involves
the variables ‘Pro-environmental behavior and example (PC2_2)’ and ‘Subsidies, low
investment taxation and improved income and electricity cost (PC1_1)’. The second factor
(P2) is named ‘Social profile, sound investment and independence from oil prices (P2)’
and includes the variables Optimal investment opportunity and protection from oil price
fluctuations (PC1_2)’ and ‘Boosting social profile (PC2_1)’ (Table 2).

Table 1. Factor analysis results with varimax rotation of the reasons for investing in RES.

Principal Components—Variables Loaded in Each Factor Loadings Eigenvalue

Subsidies, low investment taxation, and improved income
and electricity cost (PC1_1) 4.664

Income increase through selling produced energy 0.772
High subsidies granted for RES investments 0.752

Reduction in electricity costs 0.737
Low taxation on RES investments 0.693

Acquisition of stable income 0.600
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Table 1. Cont.

Principal Components—Variables Loaded in Each Factor Loadings Eigenvalue

Optimal investment opportunity and protection from oil
price fluctuations (PC1_2) 0.915

The relatively low investment cost compared to other
investment types (e.g., asset purchase) 0.811

Short depreciation time 0.769
Capital investment 0.690

Protection from oil price fluctuations due to geopolitical crises 0.690

Total variance (%): 61.995

Keiser–Meyer–Olkin = 0.888, Bartlett χ2 = 5932.216, df = 6, p < 0.001

Boosting social profile (PC2_1) 2.828

Increasing respect from friends and acquaintances 0.895

Social prestige through entrepreneurial activity 0.885

Pro-environmental behavior and example (PC2_2) 1.032

The desire to adopt pro-environmental behavior 0.817
The desire to set a good example for my family 0.785

The desire to set a good example for society 0.759

Total variance (%): 77.206

Keiser–Meyer–Olkin = 0.712, Bartlett χ2 = 3283.840, df = 10, p < 0.001

Table 2. Factor loadings of the data after Varimax rotation for all reasons for investing in renew-
able energy.

Principal Components—Results of Second-Order
Factor Analysis Loadings Eigenvalue Variance (%)

Pro-environmentalism, favorable investment
conditions and benefits for income and electricity

cost (P1)
1.452 36.292

Pro-environmental behavior and example (PC2_2) 0.816
Subsidies, low investment taxation, and improved

income and electricity cost (PC1_1) 0.653

Social profile, sound investment and
independence from oil prices (P2) 1.025 25.621

Optimal investment opportunity and protection
from oil price fluctuations (PC1_2) 0.744

Boosting social profile (PC2_1) 0.722

Total variance (%): 61.913

Kaiser–Meyer–Olkin = 0.448, Bartlett χ2 = 350.703, df = 6, p < 0.001

3.3. Description of Citizen Clusters

The application of k-means cluster analysis served to indicate the association of each
member to the cluster. The ANOVA was performed to test if respondents can be clustered
according to socioeconomic reasons for investing in renewable energy sources. Results
pointed to the existence of important differences, and thus the proposed clustering could
be accepted.

Two-, three-, and four-cluster solutions were explored using the k-means procedure,
which was used in order to identify natural groupings of respondents based on their
evaluation of socio-economic reasons to invest in renewable energy sources. The best
solution was given by the solution of four-clusters, as it provided an optimal balance
between within-cluster homogeneity and between-cluster heterogeneity.
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Table 3 shows dimensions’ average scores for the characterization of clusters. Cluster
1 can be labeled as ‘Indifferent Investors’ and represents only 9.4% of the sample (it is
the smallest cluster). Its members were not affected positively by both factors, and when
compared to the other clusters, this cluster stood out as giving the lowest importance
to “Pro-environmentalism, favorable investment conditions and benefits for income and
electricity cost”. The second cluster is the second largest cluster, as it represents 30.5% of
the sample. This cluster can be named ‘Enthusiastic Investors’ because its members classify
both factors positively. It is also the cluster that ascribed higher importance to the factor
concerning “Social profile, sound investment and independence from oil prices”. Cluster 3
can be designated as ‘Pro-environmental Investors’ and includes 28.9% of the sample. Its
members attached greater value to factor ‘Pro-environmentalism, favorable investment con-
ditions and benefits for income and electricity cost’, but lesser value to ‘Social profile, sound
investment and independence from oil prices’. Finally, the fourth cluster can be labeled as
‘Social Investors’, and is the largest cluster (with a small difference from Clusters 2 and 3),
including 31% of the sample. Members of this cluster are characterized by the higher level
of importance they ascribed to ‘Social profile, sound investment and independence from
oil price fluctuations’ and the lower importance they attributed to ‘Pro-environmentalism,
favorable investment conditions and benefits for income and electricity cost’.

Table 3. Mean factor loadings of the four clusters.

CL1
(9.4%)

Indifferent
Investors

CL2
(30.5%)

Enthusiastic
Investors

CL3
(28.9%)

Pro-Environmental
Investors

CL4
(31%)
Social

Investors

Cluster Error

F p-ValueMean
Square df Mean

Square df

(P1) −2.10465 0.55281 0.54963 −0.41651 334.265 3 0.347 1532 962.208 0.000
(P2) −0.13794 0.95132 −1.04727 0.08358 306.200 3 0.402 1532 761.028 0.000

The analysis of each cluster’s profile is presented in Table 4. The analysis is based
on statistical significant differences using chi-square tests between the four clusters. The
clusters are thus described based on the level of differentiation that they entail and the
overall positive or negative effect of the examined socioeconomic factors. More specifically,
the analysis has indicated four clusters: ‘Indifferent Investors’, ‘Enthusiastic Investors’,
‘Pro-environmental Investors’, and ‘Social Investors’.

Cluster 1 ‘Indifferent Investors’:
Cluster 1 (smallest cluster), whose members were indifferent to socioeconomic reasons

for investing in RES, consists of citizens who are likely to be public and private employees.
Most are primary school and university graduates. In addition, most members in this cluster
are married and earn between EUR 10,001 and EUR 20,000 per year. A high proportion
from this cluster reported having little knowledge about investments in renewables, and
was significantly less willing to invest compared to citizens in the other clusters.

Cluster 2 ‘Enthusiastic Investors’:
Cluster 2 (second largest cluster) was labeled ‘Enthusiastic Investors’ because the

members of this cluster classified socioeconomic factors positively, while higher importance
was given to factor concerning “Social profile, sound investment and independence from
oil prices”. Members of this cluster are likely to be public and private employees, and
compared to the other clusters, this one has the highest proportion of crop farmers. Most
citizens are upper secondary school and university graduates. This cluster has also more
vocational training school graduates compared to the other clusters. Much like the previous
cluster, the majority is married and earns between EUR 10,001 and EUR 20,000. More than
half citizens in this cluster reported knowing much and very much about renewable energy
investments. This cluster reported significantly higher willingness to invest in renewables,
and only as few as 10% from this cluster would not invest.

Cluster 3 ‘Pro-environmental Investors’:
Citizens in Cluster 3, whose members attached greater value to the factor ‘Pro-

environmentalism, favorable investment conditions and benefits for income and electricity
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cost’, are likely to be public and private employees. Meanwhile, this cluster presents the
highest percentages of pensioners and holders of Bachelor’s and Master’s degrees. Most
citizens in this cluster are married and earn between EUR 10,001 and EUR 20,000 a year
and have a moderate knowledge about RES investments. Citizens from this cluster would
either invest lower sums of money (EUR 500–2000) or not invest at all.

Cluster 4 ‘Social Investors’:
Cluster 4, the largest cluster, involves citizens characterized by the higher importance

they ascribe to ‘Social profile, sound investment and independence from oil prices’ and
the lower importance they attributed to ‘Pro-environmentalism, favorable investment
conditions and benefits for income and electricity cost’. Most citizens are private employees,
while this cluster involves the highest number of unemployed citizens. Most members from
this cluster have completed upper secondary school. This cluster has the lowest proportion
of university graduates compared to the other clusters. Much like the other clusters, the
highest percentage of citizens is married and earns between EUR 5001 and EUR 10,000. In
addition, most citizens in this cluster have a moderate knowledge about investments in
renewable energy sources. Finally, the majority would not invest in renewables or would
invest between EUR 500 and EUR 1000.

4. Discussion

Citizen investment in renewable energy holds promising potential as an alternative
means of financing energy transition [11–14]. As public financing may not suffice, citizens
can become investors, thereby supplying a part of the necessary capital and contributing
to significant energy targets. Much like any other investor group, citizens will proceed
to investments only if they perceive the investment as one that is suitable for their own
needs, expectations, and preferences [11,16]. Citizens are thus evolving into a new target
investor group for which novel marketing approaches must be devised [20,21]. Our study
sought to examine whether there is homogeneity in citizens in relation to investments in
renewable energy, and indicates remarkable differences that raise several implications. As
a consequence, marketing strategies and investment policies need to be tailored according
to the differences observed among the four citizen segments.

This study classified citizens based on how they evaluated a set of economic and
social factors in terms of their influence on the decision to invest in renewable energy. The
segments that resulted from our analysis exhibited considerable heterogeneity, and it is
important to observe that the four clusters demonstrated different levels of appreciation
of the examined socioeconomic factors. Enthusiastic Investors were the only segment
whose investment decision was positively affected by all examined economic and social
factors, and thus seemed to equally value the economic benefits as well as the social
deference associated with investments made by citizens. On the other hand, Indifferent
Investors did value neither the economic nor the social factors. Regarding the remaining
two clusters, Pro-environmental Investors valued the environmental benefits and the
investment conditions, while Social Investors valued the social aspects of the investment.
The observed differentiation is a significant contribution of this study because it points at
the different motivations underlying citizens’ decision to invest in renewable energy.

An implication of the observed heterogeneity is that it points to the possibility that
universal policies and market strategies based on “one-size-fits-all” approaches are not
successful in attracting citizen investment in renewables. It would be thus highly mean-
ingful to take into account the observed differences in the design of strategies and policies
for mobilizing citizen investments. As an example, marketing strategies emphasizing the
positive effect of renewable energy investments on the effort to reduce energy production-
related greenhouse gas emissions may be successful in attracting investments from citizens
identified in the cluster Pro-environmental Investors. As this cluster represents 28.9% in
our representative sample, such strategies can be expected to appeal to a substantial part of
Greek citizens. Following the same line of thought, it is also necessary to appeal to Social
Investors by designing suitable marketing strategies which will feature the ability of RES
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investments to turn citizens into social advocates of renewable energy in their community
and to enhance their social standing as active citizens that proceed with exemplary deeds
in favor of the environment. As Enthusiastic Investors valued both economic and social
factors, it may not be necessary to design strategies explicitly for this group as strategies
targeted towards Pro-environmental and Social Investors will be effective for them. It is
also important for policymakers to observe that all clusters exhibited a clear preference for
low investment amounts, highlighting the need to establish investment mechanisms that
may be more suitable for citizens, but, at the moment, are not diffused in the study area,
such as equity co-investments, revenue-sharing dividends, and crowdfunding options.

Table 4. Chi-squared tests results of differences between clusters.

Variable Scale CL1
(9.4%)

CL2
(30.5%)

CL3
(28.9%)

CL4
(31%)

Socio-demographic variables

O
cc

up
at

io
n

Public employee 17.2% 21.3% 23.8% 15.7%
Private employee 17.9% 20.5% 23.6% 20.5%

Freelancer 14.5% 12.4% 9.9% 13%
Entrepreneur 8.3% 5.5% 2% 4%
Homemaker 6.2% 5.8% 4.7% 7.3%
Crop farmer 6.2% 7.5% 3.8% 5.9%

Livestock farmer 2.1% 2.1% 1.3% 1.9%
Retired 15.2% 14.7% 18.7% 14.5%

Unemployed 12.4% 10.2% 12.1% 17.2%

Ed
uc

at
io

n
le

ve
l Primary school 22.1% 15.1% 17.3% 18.9%

Lower secondary school 6.2% 9.0% 4.9% 8.2%
Technical school 3.4% 2.3% 1.6% 4.2%

Vocational training school 4.8% 8.7% 7.2% 6.9%
Upper secondary school 17.2% 22.0% 16.9% 24.3%

Vocational education and training
(VET) 12.4% 10.0% 10.3% 9.9%

University 20.7% 21.5% 26.1% 19.9%
Master’s degree 10.3% 10.0% 13.3% 6.9%
Doctoral degree 2.8% 1.3% 2.5% 0.8%

Fa
m

il
y

st
at

us

Unmarried 29.0% 30.9% 42.5% 40.0%
Married 57.9% 55.7% 48.3% 46.8%
Divorced 6.2% 5.8% 2.7% 5.9%
Widowed 6.9% 7.7% 6.5% 7.3%

In
co

m
e Less than EUR 5000 13.8% 9.6% 10.8% 11.7%

EUR 5001–10,000 19.3% 19.6% 17.5% 23.1%
EUR 10,001–20,000 24.1% 31.1% 33.9% 22.0%
EUR 20,001–30,000 4.8% 10.7% 6.7% 6.9%

More than EUR 30,000 6.2% 3.0% 3.4% 4.4%

In
fo

rm
at

io
n

ab
ou

tR
ES

in
ve

st
m

en
ts

Not at all—it is the first time I have
heard that there is such a possibility 11.7% 3.2% 5.2% 6.9%

Slightly—I know very few things about
RES investments 34.5% 28.1% 32.4% 32.1%

Moderately—I am familiar with the
basic types of RES investments 26.9% 39.9% 46.7% 41.1%

Much—I have a good knowledge about
different investments in RES, risks, and

return on investments
10.7% 37.0% 22.5% 29.8%

Very much—I have a detailed
knowledge about RES investments 19.3% 20.7% 13.3% 16.4%

W
il

li
ng

ne
ss

to
in

ve
st

in
R

ES

Unwilling to invest 37.9% 10.0% 23.8% 25.2%
Less than EUR 500 16.6% 16.4% 17.5% 12.6%

EUR 500–1000 5.8% 17.5% 17.8% 20.5%
EUR 1000–2000 17.9% 15.4% 18.7% 17.4%
EUR 2000–5000 8.3% 13.0% 9.7% 11.3%

EUR 5000–10,000 4.1% 12.8% 7.4% 6.1%
EUR 10,000–20,000 0.0% 7.9% 2.5% 2.7%

>EUR 20,000 4.1% 7.0% 2.7% 4.2%

Our study also indicates discrepancies among the four clusters with regard to the
reported levels of willingness to invest in renewable energy. Specifically, most members of
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the Enthusiastic Investors cluster expressed pronounced investment willingness, whereas
Pro-environmental Investors and Social Investors would either invest very low sums of
money or would make no investment at all. In essence, this means that a considerable part
of citizens would prefer to invest very low sums of money, confirming previous research
showing that citizens who are willing to invest generally prefer to invest low sums of
money [14]. Moreover, Indifferent Investors exhibited the lowest level of willingness to
invest, which can be associated with their low evaluation of the examined socioeconomic
reasons. It therefore seems that the negative evaluation of the socioeconomic RES invest-
ment factors is related to low willingness to invest, and, therefore, the understanding
of citizens’ perceptions to socioeconomic factors is highly meaningful in any effort to
understand how to mobilize citizen investment in renewables.

The reported levels of willingness to invest may also be associated with each clus-
ter’s reported level of knowledge about RES investments. Enthusiastic Investors, for
instance, reported knowing much, whereas Indifferent Investors reported knowing very
little about RES investments. In this regard, it is likely that increasing the provision of
information about RES investments may be the missing link to turn willingness to invest
into actual investment for clusters that reported having moderate knowledge about RES
investments [20,24].

5. Conclusions

This study sought to examine, for the first time, whether citizens as potential investors
in renewable energy can be classified on the basis of how they evaluate socioeconomic
reasons affecting their investment decision. Our analysis has managed to provide a compre-
hensive socioeconomic factor-based classification of the identified citizen investor segments,
named as Indifferent Investors, Enthusiastic Investors, Pro-environmental Investors, and
Social Investors (representing 9.4%, 30.5%, 28.9%, and 31% of the sample, respectively).
These four identified segments exhibit notable differentiation in terms of their evaluation of
socioeconomic reasons related to RES investment, suggesting that there is significant differ-
entiation in the way the examined socioeconomic factors affect citizen investment decision.
Therefore, citizens should not be approached as a homogeneous target group by marketing
experts and policymakers that seek to mobilize citizen investment in RES. Marketing experts
and policymakers should also pay attention to the fact that each cluster has demonstrated
a different level of willingness to invest in renewable energy, and has also demonstrated
knowledge about renewable energy investments. Specifically, high levels willingness-to-
invest were also recorded for Enthusiastic Investors (90%), Pro-environmental Investors
(76.3%), and Social Investors (74.8%), whereas only 56.8% of Indifferent Investors would
invest in renewables. However, all clusters exhibited a clear preference for small investment
sums, bringing forward the need to establish investment mechanisms that are suitable for
citizens interested in investing small amounts of money. In terms of their knowledge about
RES investments, Indifferent Investors (by 61.4%), Pro-environmental Investors (by 79.1%),
and Social Investors (by 73.2%) have a slight or moderate knowledge, whereas Enthusiastic
Investors (by 57.7%) reported good levels of knowledge. The evaluation of socioeconomic
reasons made by each cluster may enable a high level of precision in the design of different
marketing strategies for each cluster. This kind of design can also be expected to be more
effective in comparison to the one currently applied, because it will be in line with the
expressed preferences of citizens.

Finally, the results reported in this paper should be seen in the light of some limitations
which also point to new directions for future research. Most importantly, even though
this research used a broad and representative citizen sample, it is limited only to Greece.
For this reason, the reported results should be interpreted in view of the energy policy
framework and the investment environment in the study area. To achieve a level of EU-
wide segmentation, it would be both interesting and meaningful to examine how EU
citizens evaluate socioeconomic factors in future research. Another limitation was that
this study measured socioeconomic factors among citizens that have not invested, and
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not actual citizen investors. However, the rationale was that through the right policies
and a more careful design of investment schemes, citizens can be induced to invest in
renewable energy and, in this way, to facilitate the pursued energy transition. That being
said, a future cluster analysis using a sample of actual citizen investors may perhaps help
design the marketing strategies and policies with even greater precision. In addition, future
research dedicated to RES investments should replicate this socioeconomic factor-based
cluster analysis in relation to specific investment schemes, such as the feed-in-tariff and
the net-metering options currently available to citizens. Finally, this kind of segmentation
analysis should be repeated after some time because it is essential to examine the possibility
that citizen investors evolve and the ways in which they evolve. In this way, the design of
marketing strategies and policies for citizen investment can be updated according to how
citizen preferences and perceptions change.
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