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Abstract: On a global scale, the residential sector is responsible for a significant part of consumed
energy, of which the major part is dependent upon fossil fuels. A solution for the reduction of fossil
fuel use is the application of residential microgeneration technologies. The present study examines
the market acceptance factors of such systems in Greece, as well as how these factors change over
time, based on real decisions made by consumers. In this context, two surveys applying a common
questionnaire were performed in 2012 and 2019 in order to examine the effects of (a) socioeconomic,
residence, and spatial characteristics, (b) environmental awareness and behavior, and (c) factors related
to consumer behavior, attitudes, and system attribute preferences. Factors affecting the installation of
a microgeneration system are gender, age, income, residence type, ownership and size, environmental
behavior, use of a subsidy program, as well as views on costs and market-related issues. When
evaluating the effect of these factors over time, socioeconomic and residence characteristics, as well as
environmental behavior, seem to have a fixed effect to the installation of residential microgeneration
systems, with market acceptance fluctuations being related mainly to market conditions, including
existing subsidy programs, expectations on fuel prices, and legislation.

Keywords: microgeneration technologies; market acceptance; household adoption; socioeconomic
characteristics; residence characteristics; environmental behavior; attribute preferences; motivations
and barriers; sustainability

1. Introduction

On a global scale, the industrial, transport, commercial, and residential sectors demand the
vast majority of the energy produced. In particular, the residential sector represents 20% of total
global energy consumption, with projected growth ranging from 0.6% to 2.1% per year, contingent
on economic and population growth, living standards, building shell improvements, and equipment
efficiency [1–3]. Moreover, projections anticipate (despite good intentions) an energy consumption
increase by about 60% by 2040 [1].

Energy production poses a significant risk for public health and the natural environment. Thus,
given the accumulative effects arising through generating, transmitting, and using energy, the European
Union, in 2008, set the binding objective of producing 20% of energy from renewables by 2020 [4],
which has increased awareness of energy efficiency potential through the use of renewable resources [5].
Subtargets were fixed for each member state, depending on past progress, to meet the common goal.
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Since renewables will play an indispensable role in assisting the EU to meet its energy needs by
2020 and beyond, EU member states, in 2014, entered into a new renewable energy target of 27%
of the EU’s final energy consumption by 2030 [6]. In addition, in June 2018, the EU Commission,
Parliament, and Council came to a political agreement, introducing a binding renewable energy target
for 2030 of 32% of production, with a clause for an upwards revision by 2023 [7]. With current EU
policies it is estimated that renewable energy sources (RES) will account for a share of 24% by 2030 [8].
It should be noted that policies are mainly formulated based on three factors: the estimate of expected
losses associated with the ongoing emissions of carbon dioxide (i.e. climate change effects), the actual
coal-based domestic energy price increase in recent years, and the estimated requirements on energy
supply security in terms of energy source dependence and progress [9].

Energy consumed by households on the EU scale, in spite of notable reductions, accounts for
26% [10]. It is worthwhile noting that the overall decrease is mainly due to (i) economic performance,
(ii) structural changes and policy improvements in end-use efficiency, and (iii) lower heat consumption
due to favorable climatic conditions [11]. The main observation to emerge from the Eurostat data
was that for the EU total household energy consumption, 37% is represented by natural gas, 24%
by electric power, 16% by renewables and wastes, 12% by petroleum derivatives and by-products,
8% by heat recovery, and 3% by solid fuels [12]. When talking specifically about Greece, residential
energy consumption represents about 27.5% of the final energy consumption [13,14], casting doubt
over whether household energy consumption will decline during the Seventh Environment Action
Programme period (2014–2020) [15]. Moreover, particularly for Greece, data indicate that energy
consumption in the residential sector depends mainly on petroleum products and by-products (44%),
electricity (27%), firewood (17%), and natural gas (5%) [16]. Known to consume large volumes of
energy, heating in Greek housing corresponds to 64%, while cooking corresponds to 17%, electronic
appliances to 10%, water-heating to 6%, lighting to 2%, and cooling to 1% [16,17]. Consequently,
household heating accounts for a large proportion of the overall energy demand, using mainly fossil
fuels [18]. Carbon dioxide emissions and fossil fuel consumption act as key impediments affecting the
present and future potential towards achieving sustainable development and security of supply [19,20].
With more than half (54%) of Greece’s energy demands being covered by petroleum products alone,
the Greek energy sector still heavily relies on imported fossil fuels. Non-interconnected Greek islands,
in particular, obtain their electricity primarily from inefficient and costly diesel generators. According
to Greek Law 3851 [21], a national target of 20% RES share in gross final energy consumption by 2020
exceeds the national target of 18% pursuant to EU Directive 2009/28/EC [4]; however, the overall share
of energy from renewables stands at levels close to 15%, as is evident from the latest available progress
report [22]. The 2010 Greek National Renewable Energy Action Plan [23] presents the specific trajectory
for achieving this objective, including, among others, energy efficiency measures and specific targets
for large-scale penetration of RES technologies in the electricity, heating, and cooling share. Currently,
on the residential level, the only technology developed is solar thermal, where Greece seems to have a
mature market, and therefore, boasts one of the highest installed solar thermal capacities in the EU [24].

To date, a significant number of EU-adopted energy regulations and standards have helped Greece
to achieve sufficient energy efficiency regarding new building constructions [25–28]. In particular, Greek
Law 4122 [27], together with all the following updated versions (see for example the Hellenic Official
Gazette B’ 2367/2017 [29]), define the minimum standards for the thermal envelope, electromechanical
installations, as well as the design of new buildings (of more than 50 square meters) or existing
constructions that will undergo extensive renovations, considering a number of parameters (for example
local climatic conditions) [30,31]. In addition, a net metering system for autonomous producers
was introduced for the first time in 2014 in Greece, as described in the Hellenic Official Gazette
B’ 3583/2014 [32]. However, regarding the existing building stock, which admittedly is considered an
environmental challenge [33], Greek policy is limited to economic incentives to ease investment barriers
and improve cost efficiency, such as window, façades, loft and cavity wall insulations, ventilation,
energy efficient light bulbs, solar thermal water-heating systems, conversion to natural gas systems,
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etc. [34]. However, these non-regulatory policy efforts seem inadequate to support micro-renewable
technologies in Greece [35], evidently ignoring the potential of reducing the overall energy demand
and CO2 emissions with probable effects on the economy [36], towards meeting the energy targets
and environmental objectives. This is because, in order to bear witness to a considerable influence on
the macro level, a wide-ranging action of individual investments complementing direct and indirect
subsidies in such technologies is needed, along with binding regulations requiring long-term upgrades
to existing building stock, maximizing occupant health and productivity, using fewer resources,
reducing negative environmental impacts, and decreasing life-cycle costs [37].

Thus, with regard to the aforementioned factors on the one hand, and the high-profile debate on
climate change [38] and the energy security [39] on the other, decentralized supply and microgeneration
seems to be an optimal solution, or even to be necessary, for meeting the environmental objectives with
respect to residential energy demand reduction. Decentralized or distributed and microgeneration
energy supply refers to generating energy at the place of use. Of course, a range of power generation
levels is implied, from regional or communal levels, down to residential complexes and individual
households. In particular, recent technological advancements allow homeowners to improve their
properties and generate their own electricity and heat through the use of microgeneration technologies.
The most commonly installed microgeneration technologies are photovoltaic systems and micro wind
turbines for electricity production, and solar thermal systems, biomass boilers, ground source heat
pumps (GSHPs), and air source heat pumps (ASHPs) for thermal needs. Now, consumers, or better,
“prosumers” (pro-ducer and con-sumer), can claim a new role in the future, decentralized energy
market [40]. RES generation growth in households and small commercial establishments, however,
depends on the interaction between, on the one hand, the maximization of consumer welfare as the
classical economic theory suggests [41], and, on the other hand, consumers’ intention to embrace
science-driven, environmentally-friendly technological innovation [42], in terms of willingness to
pay [9], intention to adopt [43,44], and resistance [37] (within the meaning of a distinct behavioral
response [45]).

In recent years there has been considerable interest in consumer views, perspectives, and attitudes
towards green energy [46], in terms of both energy-saving activities and renewable energy applications.
Various approaches have been put forward to identify the motives and the barriers behind
consumer acceptance of RES [47], bringing to light the significance of consumer characteristics
(e.g., knowledge, values, beliefs, norms, socioeconomic characteristics, household characteristics,
residence characteristics, and geographical location), which affect and ultimately determine energy
market mechanisms as endogenous factors [48]. Additionally, a major advance in 2007 [49] helped
to clarify social acceptance understanding, distinguishing three dimensions, namely, socio-political
acceptance, community acceptance, and market acceptance. Several researchers have also already
noted that the economic costs in terms of payback periods, incentives, rebates and grants, the regulatory
and market structure, and the technological innovation and awareness, act as exogenous factors
for the diffusion of environment-friendly renewables in households [50]. Furthermore, a growing
body of literature has examined consumer willingness to pay in order to achieve zero energy
consumption through the domestic use of microgeneration renewables [51,52]. Other scholars have
examined the preference for, and use of, different available renewables options, even in different social
groups [20,53]. Previous studies claim that investment in microgeneration, besides the potential of
being an economically-sound manner to reduce energy costs and CO2 emissions, can also initiate
positive changes in energy consumption patterns by means of lower levels of consumption and load
shifting [54]. However, these findings should be considered as being highly influenced by cultural and
socio-economic factors [48], and therefore, understood as being considerably different between nations
or even regions within a nation.

Taking all the above into consideration, the present study aims to examine the factors that affect
market acceptance of microgeneration technologies, as well as how these factors change over time,
through the investigation of real decisions made by Greek consumers, thus contributing to technology
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diffusion on a policy level. In order to identify the market acceptance factors that remain stable, as well
as the factors that alter over time, this study compares the results from two different time periods
(2012 and 2019), indicating the differences, as well as the causal factors, between them. Since the first
bailout agreement for Greece in early 2010, 2012 represented the first year of actual economic, political,
and social crisis. The second economic adjustment program was finalized and the seventh austerity
package was adopted by the Hellenic Parliament amid two successive elections and nationwide strikes
and riots. In late 2018, Greece successfully exits the final bailout program; thus, 2019 is pointing to
Greece’s return to growth after a ten-year crisis course. In addition, an important fact is the application
of the “Eξoικoνoµώ κατ’ oίκoν” (roughly translated from Greek as “save energy at home”) subsidy
program (involving energy efficiency and RES applications in households), within this time period.
The factors examined include (a) socioeconomic characteristics, (b) residence characteristics, (c) spatial
characteristics, (d) environmental awareness and behavior, and (e) factors related to consumer behavior,
attitudes, and system attributes preferences. The contribution of the present study, apart from providing
fresh empirical evidence on market acceptance of microgeneration technologies, consists of assessing
the importance of the aforementioned groups of factors in a single model. In addition, and as far as the
researchers of the present study are aware, there is no previous study applying quantitative methods,
comparing the market acceptance of residential microgeneration technologies over time.

In so doing, this research applied a three-step methodological framework. The first step involved
survey development and data collection in 2012. The second was a rerun of data collection in 2019,
which is considered to be the main novelty of the present research. Lastly, the third step involves data
analysis, including a two time period comparison.

2. Materials and Methods

2.1. Survey Development

A web-based questionnaire was designed in order to conduct the survey. The questionnaire
consisted of two essential parts. One section focused on identifying the demographic profile of the
sample, while the other included questions aiming to collect information regarding the adoption of
residential microgeneration technologies, as well as the factors that affect this process. The developed
survey was based on closed-ended questions inviting respondents to answer how they think, feel,
and express opinions or intentions about issues which are relevant to them or with which they are
familiar, eliciting information regarding knowledge and attitudes, behaviors, and demographics
concerning microgeneration technologies. In particular, the questionnaire included questions on:

(a) demographic and socioeconomic characteristics: gender, age, marital status, education level,
occupation, annual family income, and location of residence;

(b) residence characteristics: type, ownership, size, year of construction, number and type of
residents, participation in household decisions, performed renovations, and use of subsidy
program for renovations;

(c) environmental awareness and behavior: 15 questions (plus an attention checking question), with
the respondents replying to these questions on a “yes/no” basis; the specific questions were utilized
for the development of an environmental awareness and an environmental behavior index;

(d) attitudes and perceptions on factors related to microgeneration systems: a set of 20 questions
(plus an attention checking question) related to consumer behavior, preferences, and attitudes
regarding residential microgeneration technologies; the factors were evaluated by the respondents
on a five-degree Likert scale, from “1 = not at all” to “5 = very much”.

(e) real and hypothetical decisions regarding the installation of different residential microgeneration
systems (photovoltaic, solar thermal, micro wind, GSHP, biomass boilers, etc.); in the specific study,
the real decisions concerning microgeneration system installation are taken into consideration.



Energies 2019, 12, 3298 5 of 20

The questionnaire developed for the 2012 phase was also distributed during the 2019 phase of the
research, including only minor modifications, capturing relevant market, financial, etc. changes over
time. In both phases, a pilot study was conducted by sending the questionnaire to a small respondent
sample. Out of the responses collected during the pilot study, a number of minor significance
suggestions were taken into consideration, leading to revisions in the questionnaire; subsequently,
the final version was distributed. The final version of the 2019 questionnaire can be found at the
reference, in Greek [55].

2.2. Survey Implementation

The survey aimed at a random sample of the general population in Greece, with the restriction
that respondents should be older than 18 years of age. In both time steps, the questionnaire was
distributed through mailing lists; it should be noted that the recipients of the two mailing lists were not
the same. At this point, it should be pointed out that the survey involved asking individuals and not
households, because it is perceived that people from the same household frequently possess different
views on the motives for adoption.

In both time phases, the online questionnaire was distributed through two mailing lists; one from
the Center of Renewable Sources and Saving (CRES) and the other from the Harokopio University of
Athens (HUA). In the 2012 phase, the questionnaire was distributed in four steps between June and
July; accordingly, in the 2019 phase, the four steps were performed between January and February.
Due to the methods applied and the sources used to distribute the questionnaire, it is not possible to
have an accurate estimation of the response rate. First of all, it is not possible to estimate the number of
active email addresses included in the two mailing lists, while there is also no way to evaluate the
number of email addresses that never received the link to the questionnaire (being blocked as “spam”
email). On the other hand, the invitation accompanying the questionnaire link asked the recipients to
forward the link to any contacts they wished to, in the context of snowball sampling; this adds to the
fact that it is not possible to estimate the total number of people receiving the questionnaire link.

2.3. Data Treatment and Analysis

After both time phases, data collection was followed by the data cleaning and database creation.
Data cleaning, in order to capture valuable insights and improve the credibility of the findings,
involved the identification and removal of responses from individuals who either didn’t match the
target audience criteria, didn’t answer the questions thoughtfully, or failed to respond to the two
instructed response items, i.e. attention checks. The final database included 517 and 427 responses for
2012 and 2019 accordingly.

The SPSS 20 statistical package was used to conduct the statistical analyses. As a first step,
a descriptive statistics analysis was performed, including the development of the two environmental
indexes; the descriptive results are presented in Section 3.1. The next step involved conducting
a Categorical Principal Component Analysis (CatPCA) regarding the factors related to consumer
behavior, preferences, and attitudes for specific microgeneration system attributes. This analysis
was performed with the aim of grouping the aforementioned factors, and utilizing the results in the
following binary logistic models; the methodology and procedures applied are described in detail in
Section 3.2. The third step of the statistical analysis involved the development of two binary logistic
regression models, one for each time period. The aim of these models was to identify similarities and
differences between the two time periods in the context of factors that affect real decisions on residential
microgeneration systems installation. The fourth and final step was to perform a regression analysis,
based on the findings of the regression models of the previous step, on the pooled data of the two
time periods (2012 and 2019). The aim of this analysis was to examine the effect that the time period
factor has on the model concerning real decisions on residential microgeneration system installation.
The methodology and procedures applied for the binary logistic regression are described in detail in
Section 3.3.
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3. Results

3.1. Descriptive Statistics

The main findings in relation to the socio-economic profile of the two samples are presented
in Table 1, including gender, age, education, occupation, and income. In addition, two indexes
concerning environmental awareness and environmental behavior are presented. The indexes were
developed by summing up all the positive answers of each respondent to questions related to
environmental awareness, environmentally-friendly behavior, and energy-saving actions. In the case
of environmental awareness, the questions dealt with topics such as knowledge levels for specific
energy and environment-related themes, perceptions of climate change, etc., while in the case of
environmental behavior, the topics included “green” products, recycling, household energy saving, etc.
The maximum value for the environmental awareness index is 5, while for the environmental behavior
index, it is 10.

Table 1. Demographic and socio-economic characteristics.

Sample 2012 2019 2011 Census a

Gender
Male 40.6 42.2 48.6
Female 59.4 57.8 51.4

Age mean (SD) 31.72 (9.51) 38.21 (10.91) 49.00 (n/a)

Education level

Elementary alum 0.2 0.0 27.4
Middle school graduate 0.4 0.2 10.8
High school degree or equivalent 15.1 13.1 29.8
Vocational training 4.1 10.1 10.5
University degree 41.8 31.9 19.0
Master/Doctorate degree 38.5 44.7 2.5

Occupation

Public or private employed 45.6 59.5
43.8 b

Self-employed 18.0 19.9
Retired 2.5 2.8 28.5
Student 22.4 12.2 3.6
Homemaker 0.6 0.9 14.3
Unemployed 10.8 4.7 9.8

Annual family income

0–6000 € 15.5 13.8
6000–12,000 € 20.1 18.5
12,000–18,000 € 21.5 25.3 n/a
18,000–24,000 € 12.8 19.2
>24,000 € 30.2 23.2

Environmental awareness
scale (max value = 5) mean (SD) 3.38 (1.45) 3.36 (1.06) n/a

Environmental behavior
scale (max value = 10) mean (SD) 6.17 (1.82) 5.70 (1.50) n/a

a taking into account data for population older than 18 years. b including public, private and self-employed.

A profile analysis for the 2012 sample case showed that almost 60% of respondents were women.
The average age of respondents was 32 years. More than 80% were university educated. The majority
of the individuals in the sample were public or private employees, 18% were self-employed, while
approximately 22% were students; nearly 11% were unemployed. As to family income per year, at least
30% reported having an income above 24,000 €, approximately 20% somewhat in-between 6000 € and
12,000 €, and a further 20% somewhere between 12,000 € and 18,000 €. The majority of the 2012 sample
resided in privately-owned apartment houses with one or two flatmates on average, with only a small
percentage of them being minors or elderly. Nearly 29% of the participants stated that their dwelling
was large, roughly 28% that was medium or small, while no more than 18% described it as very large.
Lastly, about half of them reported that they had already installed a microgeneration system(s) without
making use of the subsidy governmental program. Interestingly, profile-related characteristics of
the 2019 sample are scarcely any different from those of the 2012 sample. First of all, a difference
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in age average was observed; however, both samples were of the same generation, i.e., Millennials.
An almost 5 percentage point shift from university-educated to technically trained participants was
noted. A halfway through decrease in unemployment and studentship status, in favor of the public and
private employees, should also be pointed out. And finally, nearly 36% of the 2019 case respondents
reported that they reside with minors, as opposed to no more than 20% of the participants in the 2012
sample case.

Furthermore, Table 2 includes information concerning the characteristics of the residence: the
leading findings concerning location, year of construction, ownership, type, size, number, and type
of residents, installation of microgeneration systems and use of “Eξoικoνoµώ κατ’ oίκoν” [29]
subsidy program.

Table 2. Residence characteristics.

Sample 2012 2019

Year of construction mean (SD) 1987 (15.65) a 1988 (18.14) b

Type of housing Detached house 29.8 25.5
Apartment house 70.2 74.5

Property ownership Privately owned 72.7 69.8
Rented 27.3 30.2

Dwelling size

Small 26.7 14.5
Medium 26.7 41.0
Large 28.8 37.2
Very large 17.8 7.3

Location density
(population/km2)

mean
(SD)

12,721.83
(6931.79)

11,084.29
(7201.29)

Number of residents mean (SD) 2.84 (1.32) 2.87 (1.27)

Minor(s) residing Yes 19.5 35.8
No 80.5 64.2

Elderly residing (aged 65+) Yes 13.3 12.4
No 86.7 87.6

Installed microgeneration
system (s) c

Yes 53.8 50.6
No 46.2 49.4

Use of the “Eξoικoνoµώ κατ’
oίκoν” subsidy program [29]

Yes 6.0 3.7
No 94.0 96.3

a n = 410. b n = 350. c photovoltaic, solar thermal, micro wind, GSHP, biomass boiler.

When referring to factors related to consumer behavior, preferences and attitudes for specific
heating system attributes, those evaluated as the most important concerning the residential
microgeneration system selection process were (a) functional reliability, (b) system lifetime, (c) operation
and maintenance cost, and (d) secure installation, equipment, and operation for the 2012 sample;
the same factors were evaluated as the most important also in the 2019 sample, with the difference of
having “relative advantages over other systems” instead of “operating and maintenance cost”, when
talking about the four most important factors. In contrast, the factors that have been evaluated as the
least important were common in both surveys: increase of house market value, widespread technology,
and ease of installation. In addition, it should be noted that the 2012 sample, compared to that of
2019, attributed higher importance to all the factors under examination, with only two exceptions:
(a) government subsidies/tax exemptions, and (b) legislation on the installation process. The largest
differences between the two periods were identified for the “expectations for fuel prices” and the
“operating and maintenance costs” factors (Figure 1).
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Figure 1. Perceived importance of factors related to consumers’ behavior, preferences and attitudes for
residential microgeneration technologies.
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3.2. Categorical Principal Component Analysis for Consumers’ Behavior, Preferences and Attitudes for Specific
Microgeneration System Attributes

In terms of classifying the factors related to consumer behavior, preferences, and attitudes for
residential microgeneration technologies, CatPCA was applied. CatPCA is in essence the non-linear
analogous of PCA [56] and was adopted having in mind that the variables under examination are ordinal.
This method analyzes the variables through the principal components model, while transforming
the ordinal categorical data into quantitative data in parallel via the optimal scaling technique [57].
In the current study, the numeric valued transformed variables produced through the CatPCA (spline
transformations) were input into the PCA for the purpose of performing the suitable rotation method
(since rotation is not possible for CatPCA in SPSS). The methodology followed in order to perform
the CatPCA is described in detail by Karytsas and Choropanitis [46], including the decisions that
must be made in terms of the appropriateness of the sample, the suitability of the included variables,
the number of accepted components, the applied rotation method, and the explication of the results.

Firstly, it is necessary to assess the sample size sufficiency; based on the empirical rule, the ratio
of observations to variables should be at least 5:1 [58], taking into account the original number of
variables of the study, rather than the total contained in the final model [59]. In this study the sample
size is n = 944 (combining both 2012 and 2019 cases) and the variables included are 18, leading to a 52:1
ratio, which is, of course, much higher than the limits set by the rule of thumb. In SPSS, the sample
size can be controlled through the Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy, with
the sample being satisfactory when the KMO value > 0.50 [60,61]. In the present analysis, the value of
KMO is 0.857 > 0.50 (Table 3).

The following step requires examining for potential correlation and multicollinearity between
the variables. Bartlett’s test of sphericity is applied to test for correlation, with values < 0.05 [62]
being accepted, while multicollinearity is controlled by the determinant of the correlation matrix, with
values > 0.00001 signifying a lack of multicollinearity [61,62]. Furthermore, all diagonal elements of
the Anti-Correlation matrix are checked for values greater than 0.50 [61–63], as a means to verify the
sample’s appropriateness. Actually, after deleting the variables that created multicollinearity issues
from the model, it was indicated that patterned relationships existed between the variables, and that
no multicollinearity issues occur, while the sample is appropriate (Table 3).

In order to select the number of components comprising the final model, the following criteria are
taken into account [46]: (a) the Kaiser Criterion, (b) the Scree Plot, (c) the percentage of the variance
explained by the selected components, (d) the values of the communalities, (e) the number of variables
included in each component, and (f) the fact that the components should be interpretable. Moreover,
it should be noted that the absolute value below which the load factors in each component are not
being accepted (cut-off point) plays a significant role for the interpretation of the results; the cut-off

point in the specific analysis was set to 0.4 [64].
Furthermore, it should be mentioned that the rotation method selected as the most appropriate

was the promax oblique method, based on the concept of achieving "simple structure" [65], or, put
differently, with the aim of enhancing the interpretation of the results through clarification of the data
arrangement [66,67]. Orthogonal rotation methods expect that there is no correlation between the
components, while oblique methods assume correlation [58,68]. When referring to the social sciences
field, a specific relationship between the components is expected, keeping in mind that behavior-based
variables hardly ever function independently; thus, in theory, oblique rotation provides more valid
results [56,58,62]. Additionally, even if theory implies the independence of the components, it should
be empirically confirmed with the use of oblique rotation [56]. In practice, the produced factor
transformation matrix is utilized with the aim of testing the suitability of the selected rotation method.
In particular, an oblique rotation method should be applied if the use of an orthogonal rotation method
produces data located outside the diagonal of the table that are not almost symmetric. As this applies
in the present analysis, the oblique rotation method was chosen.
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The analysis indicates that the factors related to consumer behavior, attitudes, and preferences for
residential microgeneration technology attributes can be divided into four categories; Convenience,
Market Conditions, Cost and Performance (Table 3). Each variable has a value > |0.65| in only one
component, thereby assisting in reaching “simple structure” [65]. Communality values (h2) are
presented in the last column of Table 3; these values provide the percentage of variation described
by the four components for each specific variable [68]. For instance, 63% of the variance of the
variable “Equipment and storage space” is explained by the four components. When referring to the
social sciences fields, typical communality values vary between 0.40 and 0.70, since it is difficult to
attain values > 0.80 when dealing with real data [58]. Moreover, the percentage of variance that each
component represents is displayed in the last row of Table 3 [68]; likewise, the value located at the
meeting point of the last row and the last column specifies the total percentage of variation interpreted
by the model. Hence, the components of the specific model explain 63.58% of the variability of the
data; the acceptable limit is between 60–70% [69].

Table 3. Classification of factors related to consumers’ behavior, attitudes and system attributes preferences.

Component
Component Loading *

1 2 3 4 h2

CONVENIENCE
Equipment and storage space 0.812 - - - 0.630
Compatibility with lifestyle 0.804 - - - 0.591
Ease of installation 0.762 - - - 0.616
Ease of use 0.734 - - - 0.668
MARKET CONDITIONS
Government subsidies/tax exemptions - 0.820 - - 0.604
Expectations on fuel prices - 0.706 - - 0.575
Observability and trialability - 0.691 - - 0.508
Legislation on the installation process - 0.677 - - 0.529
COST
Equipment and installation cost - - 0.859 - 0.753
Available capital - - 0.840 - 0.695
Operating and maintenance cost - - 0.705 - 0.666
PERFORMANCE
System lifetime - - - 0.870 0.751
Functional reliability - - - 0.789 0.612
Equipment guarantee period - - - 0.746 0.702
% of variance explained by each component 35.365 11.644 8.698 7.875 63.583
Bartlett’s test of sphericity (significance level) 0.000 - - - -
Kaiser-Meyer-Olkin measure of sampling adequacy 0.857 - - - -
Determinant of correlation matrix 0.008 - - - -

* Only component loadings higher than 0.4 are included in the table.

3.3. Binary Logistic Regression: Separate Examination of the Two Time Periods

A binary logistic regression model has been developed, with the two samples (2012 and 2019)
being examined separately in order to compare the similarities and differences identified between
the two time periods. The dependent variable represents residents’ real decisions (has installed/has
not installed) towards the installation of residential microgeneration technologies (photovoltaic,
solar thermal, micro wind, GSHP, biomass boiler). The explanatory variables taken into account
included all the socioeconomic and residence characteristics (Table 1; Table 2), spatial characteristics
(Table 2), environmental awareness and behavior (Table 1), as well as consumers’ behavior, preferences,
and attitudes towards specific heating system attributes expressed as components of the PCA (Table 3).
Multicollinearity tests were performed for the independent variables of the binary logistic regression
models. The linear regression procedure was applied, since SPSS 20 does not provide collinearity
diagnostics for categorical dependent variables of regression procedures [70]. No multicollinearity
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issues exist within the regression models, as in every case, the value of tolerance was >0.75, and the
value of Variance Inflation Factor (VIF) was <1.35 [64,71,72].

Additionally, and in the view of defining the best-fitting regression model, the following metrics
were evaluated: (a) −2Log likelihood (−2LL), with smaller values indicating a better fit of the model to
the sampling data [73]; (b) the Cox and Snell pseudo R2 goodness of fit test; in a logistic regression
values between 0.2 and 0.4 represent an exceptional adaptation [74,75]; (c) the Hosmer-Lemeshow
(HL) goodness of fit test, with p > 0.05 indicating a suitable model [76]; and (d) the Classification
Table presenting the percentage of the accurately classified cases [70]. The corresponding values of the
developed model are presented in Table 4.

Table 4. Logistic regression models on real decisions on the installation of residential microgeneration
technologies.

Explanatory Variables B S.E. Wald Sig. Exp(B)
95% C.I. for EXP(B)

Lower Upper

2012
sample

gender (male) −0.456 0.204 5.010 0.025 0.634 0.425 0.945
age −0.006 0.011 0.289 0.591 0.994 0.973 1.016
annual_income (upto12000€) −0.439 0.210 4.369 0.037 0.645 0.427 0.973
residence_type (detached house) 0.599 0.223 7.217 0.007 1.820 1.176 2.817
residence_ownership (self-owned) 0.941 0.227 17.226 0.000 2.563 1.643 3.998
residence_size (ordinal) 0.303 0.101 8.934 0.003 1.353 1.110 1.650
use_subsidy_program (yes) 0.155 0.414 0.140 0.709 1.167 0.518 2.629
environmental_behavior (yes) 0.112 0.054 4.376 0.036 1.119 1.007 1.243
factor:market_conditions −0.120 0.103 1.341 0.247 0.887 0.724 1.087
factor:cost −0.287 0.112 6.565 0.010 0.751 0.603 0.935
Constant −1.538 0.508 9.154 0.002 0.215
−2 LL = 630.954
R2 = 19.8%
HL χ2(8) = 7.357
Accuracy = 67.5%

2019
sample

gender (male) −0.377 0.216 3.043 0.081 0.686 0.449 1.048
age −0.022 0.011 4.497 0.034 0.978 0.958 0.998
annual_income (upto12000€) −0.224 0.239 0.876 0.349 0.800 0.501 1.277
residence_type (detached house) 0.454 0.254 3.181 0.074 1.574 0.956 2.591
residence_ownership (self-owned) 0.649 0.244 7.073 0.008 1.914 1.186 3.090
residence_size (ordinal) 0.297 0.148 4.016 0.045 1.345 1.007 1.798
use_subsidy_program (yes) 1.326 0.677 3.836 0.050 3.765 0.999 14.190
environmental_behavior (yes) 0.154 0.072 4.559 0.033 1.166 1.013 1.343
factor:market_conditions 0.210 0.108 3.791 0.052 1.234 0.999 1.524
factor:cost −0.240 0.102 5.586 0.018 0.787 0.645 0.960
Constant −1.119 0.627 3.185 0.074 0.327
−2 LL = 536.512
R2 = 16.2%
HL χ2(8) = 11.498
Accuracy = 65.3%

The best fitting binary logistic model has been developed (Table 4), having applied the
aforementioned methodology and metrics. As a first step, a different regression model was developed
for each sample (2012 and 2019), including only statistically significant variables (a ≤ 0.10). The next
step was to create a common model including all the independent variables from the two models of
the first step; thus, not all variables are statistically significant in both cases.

Regression analysis on both samples revealed that women, compared to men, are more likely
to install a microgeneration technology in their residence. Moreover, younger individuals are more
apt to have microgeneration technology installed for each sample, but this factor was not found to be
statistically significant for the 2012 sample. In contrast, respondents with lower family income are less
likely to install such a system (not statistically significant in the 2019 model), as well as respondents
that attribute higher importance to cost-related attributes of systems of this kind. Still, the results in
both cases identify that microgeneration technologies have a much better chance to be installed by
individuals with better overall environmental behavior. In addition, regression analysis on the two
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sampled groups showed that in comparison with apartments, microgeneration systems are more likely
to be installed in detached houses. Likewise, compared to tenants, individuals owning the property
of their residence are more likely to install a microgeneration system. Furthermore, for both cases,
it is indicated that the chances are much higher to have a microgeneration system installed in larger
dwellings. Regarding the subsidy program [29], the analysis highlighted the existence of a positive
effect on the installation of microgeneration systems; however, in the case of the 2012 sample, this factor
was not found to be statistically significant. Accordingly, respondents that attribute higher importance
to the cost-related attributes of systems of this kind are also less likely to have such a system installed.
Additionally, in the 2012 sample case, the market conditions of the microgeneration technology sector
were found to have a negative effect to the installation of a microgeneration technology; however,
this factor was not found to be statistically significant. On the other hand, in the case of the 2019
sample, market conditions were found to have a positive and statistically significant effect: respondents
that attribute higher importance to market conditions and related attributes are more likely to have
installed a microgeneration system in their homes. It is worth noting that this is the only factor found
to have opposite effects, when comparing the 2012 and the 2019 models. In the 2012 sample case,
the factors identified as having the largest effect on the likelihood of having installed a microgeneration
system are the type, ownership, and size of the residence, while for the 2019 sample case, the factor
with the largest effect was the use of the subsidy program [29], followed by the three aforementioned
residence-related factors.

3.4. Binary Logistic Regression: Pooled Data

The next step was to perform a binary logistic regression on the pooled data (2012 & 2019),
with the dependent variable being residents’ real decisions regarding the installation of residential
microgeneration technologies, and including all the independent variables from the separate logistic
regression models developed above (Table 4). Additional to the above presented model, a dummy
variable indicating the time period (2012 or 2019) was included in the model. Multicollinearity tests
were performed, indicating that no multicollinearity issues existed within the regression model; for
each independent variable, the value of tolerance was >0.77, and the value of the Variance Inflation
Factor (VIF) was <1.29 [64,71,72]. The metrics of the model are presented in the last rows of Table 5.

Table 5. Logistic regression model on real decisions on the installation of residential microgeneration
technologies–pooled data (2012 & 2019).

Explanatory Variables B S.E. Wald Sig. Exp(B)
95% C.I. for EXP(B)

Lower Upper

sample (2019) 0.008 0.153 0.003 0.958 1.008 0.748 1.359
gender (male) −0.405 0.147 7.617 0.006 0.667 0.500 0.889
age −0.016 0.008 4.400 0.036 0.984 0.970 0.999
annual_income (upto12000€) −0.365 0.157 5.439 0.020 0.694 0.511 0.943
residence_type (detached house) 0.544 0.165 10.815 0.001 1.723 1.246 2.384
residence_ownership (self-owned) 0.828 0.165 25.051 0.000 2.289 1.655 3.165
residence_size (ordinal) 0.310 0.083 13.929 0.000 1.364 1.159 1.605
use_subsidy_program (yes) 0.558 0.340 2.693 0.101 1.747 0.897 3.403
environmental_behavior (yes) 0.119 0.042 7.884 0.005 1.127 1.037 1.224
factor: market_conditions 0.042 0.074 0.319 0.572 1.043 0.902 1.205
factor: cost −0.255 0.075 11.657 0.001 0.775 0.669 0.897
Constant −1.291 0.387 11.128 0.001 0.275
−2 LL = 1169.975
R2 = 17.4%
HL χ2(8) = 4.938
Accuracy = 66.0%

The main finding of the regression analysis is that time period, referring of course to the two
specific time periods, is not a factor that significantly affects real decisions of consumers concerning the
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installation of residential microgeneration technologies. This means that independently from the time
period, the residents would have taken the same decisions in terms of microgeneration technology
installation. Additionally, when referring to the pooled data, all socioeconomic and residence related
characteristics, environmental behavior, and cost-related aspects were found to have a significant effect
on residents’ decisions. On the other hand, the two factors that did not have a statistically significant
effect in the pooled model were the use of the subsidy program and respondents’ opinions regarding
market conditions-related attributes (Table 5).

4. Discussion

The aim of the present study was to investigate the factors that affect market acceptance of
microgeneration technologies, as well as how these factors alter over a period of time, based on
real decisions made by Greek consumers. In this context, it should be noted that nearly half of
the respondents stated that they had installed microgeneration systems in their homes. It should
nevertheless be pointed out that Greece is recognized as one of the leading countries in the use of solar
systems for sanitary hot water production (low level temperatures, 55–80 ◦C), presenting one of the
highest ratios in the installed solar thermal collector area per capita [77].

In terms of the time-dimension comparison of the determining factors, it was indicated that
socioeconomic and residence characteristics, as well as environmental behavior, seem to have a fixed
effect over time on the installation of residential microgeneration systems. The main factors that cause
fluctuations of market acceptance of such systems over time are related to market conditions, including
existing subsidy programs, expectations for fuel prices, and legislation relevant to the installation
process. Furthermore, keeping in mind that the factor of time (comparison between 2012 and 2019)
was not found to have a significant effect on market adoption, and in combination with the status of
Greece during the last decade (economic recession), it could be indicated that the subsidy program,
as well as other market-oriented practices, balanced consumer decisions towards the adoption of
microgeneration systems.

Logistic regression analysis provides evidence for significant links among the ten factors.
Regarding the demographic characteristics, gender is a statistically significant factor, since it appears
that women are more likely to have decided to install a microgeneration system. This result is not
surprising, since the gender-specific matters studied regarding small-scale RES have shown that women
play an active role in energy supply and consumption at the household level [78]. Notwithstanding,
women are more environmentally concerned and fearful of climate change [79]; this may perhaps
be explained by the perception that they will be affected the most [80], or that as mothers, they have
a greater role in conserving the environment for future generations [81]. Thus females are more
ecologically conscious, are more likely to take eco-friendly purchasing decisions [82,83], or support
renewables development [84,85].

Moreover, age is a factor affecting the installation of residential microgeneration technologies,
at least for the 2019 sample, since the analysis found that younger individuals are more apt to have
installed a microgeneration technology. Indeed, this finding is consistent with a number of studies
showing that attitudes towards microgeneration technologies vary across age groups [86]. For instance,
Leenheer et al. [87] found that older people have lower intentions to generate their own energy, while
the findings of Karytsas and Theodoropoulou [88] indicate that younger people are more likely to be
aware of these energy forms. This could perhaps be explained by the fact that younger people are
in favor and more open to innovative, small-scale renewable energy systems, compared with older
homeowners, who often exhibit great resistance. Or it could be explained by differences in financial
position, given that pensioners are likely to have lower incomes. Whilst there are a number of possible
causalities, no solid agreement about this complicated issue was found in the literature.

Furthermore, the empirical results suggest that Greeks with a more than 12,000 € annual income
who live in self-owned, detached buildings are more likely to have installed a microgeneration system
in their homes. Thus, annual income below 12,000 € negatively relates to the possibility of someone
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having installed a residential microgeneration system, apparently related to the initial capital needed
for such an installation. This result is in agreement with findings of previous studies, indicating that
microgeneration installations are affected by higher incomes [89], and the type of residence (i.e., being
easier to install in detached houses) [90].

The household budget also relates to the residence ownership status significance role, regarding
the initial capital needed for installing microgeneration technologies. In addition, it is more probable
that someone will pursue a residential energy upgrade investment if they own the property they live
in, as reported for German [89,91] and British [92] households. Considering that property owners
are less likely to move, this makes them more inclined to make a long-term investment, such as the
installation of a microgeneration system, in terms of adequate payback period for either own funds,
loan or subsidies, not only in order to save energy, and therefore money, but also to add value to their
property/investment [93]. This is a common issue when dealing with residential energy efficiency
investments, referred to as the landlord/tenant dilemma [94]. Heiskanen and Matschoss [95] have
highlighted that new financial and organizational solutions have to be found for the diffusion of
building-scale RES systems when considering multifamily buildings and low-income households,
rather than the auspicious market of middle-class, owner-occupied, single-family homes.

As a further matter, evidence of the current analysis suggests that installed microgeneration
technologies are more common in larger houses. This could be due to a variety of reasons [96], such as
the available space in larger properties own or the increased energy and heating consumption demand,
or even the higher annual residents’ income.

Next, the results pointed out that those having installed a microgeneration system are more likely
to have taken advantage of the state subsidy opportunity, implying that the existing governmental
support is somewhat effective in promoting domestic microgeneration systems. The current subsidy
program is a mixture of subsidy and no-interest loans, depending on the tenants’ income [34]. This
result comes as no surprise if not considered collectively [46,97]. Besides, subsidies efficiency has been
studied before, proving that individuals are more likely to proceed with upgrading their residence
energy efficiency using microgeneration systems when rebates are offered, as reported for the cases
of Sweden [98], Italy [99], and the United States [100]. Thus, the government should consider, after
providing more information to the public about the domestic microgeneration systems, further increasing
the subsidiaries budget [101]. At the same time, this outcome also supports the finding suggesting that
cost-related issues are negatively related to the possibility of someone having installed a residential
microgeneration system. In particular, for the scope of this study, cost-related attributes concern
equipment and installation costs, available capital, and operating and maintenance costs (see Table 3).
The finding indicates that cost was a barrier and had persisted over the years, even if microgeneration
system installation has become less expensive, despite the fact that subsidies have reduced the total
budget need. This finding is consistent with the wider literature and the status quo in other countries;
Palm and Tengvard [47] reported that Swedish households rejected small-scale photovoltaic panel (PV)
and micro wind turbine installation because of financial considerations, Balcombe et al. [42] pointed out
that British consumers were not willing to pay extra for the environmental benefits that microgeneration
technologies offered, Jacksohn et al. [98] noted that German household investments in PV and solar
thermal systems were mainly driven by economic factors, while Graziano and Gillingham [102]
indicated that installation and operation cost were important factors for the installation of PV systems
in American (Connecticut) households. Besides, as Palm [103] has noted for the case of PV adoption
in Sweden, cost was a barrier persisting over the years, although installation became cheaper due to
lower product costs and the application of subsidy schemes.

However, and here lies the most significant finding of this study, the introduction of subsidies
(as previously discussed), the widely shared expectations that fuel prices would remain on a very
high level (as noted by Tsaur and Lin [104], electricity price trends affect consumer acceptance of
microgeneration systems), the regulatory framework regarding the installation procedure as amended
and now valid (as previously discussed), as well as the better adaptation of the companies to market
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requirements (referring to observability and trialability of new technologies), have clearly contributed
to the shift observed over the last years, making individuals considering the aforementioned market
conditions more likely to have installed microgeneration technologies in their residences.

Furthermore, the environmental behavior index was found to have a statistically significant
effect. Tenants having better environmental behavior are more likely to have a microgeneration system
installed in their home. This finding is in accordance with previous studies, and in contrast to others;
indicatively, Crago and Chernyakhovskiy [100] noted the importance of pro-environmental preferences
as a predictor of solar PV demand for the United States market, while Michelsen and Madlener [105]
indicated that environmental protection was a key driver for the installation of RES-based residential
heating appliances in German dwellings. In contrast, Schaffer and Brun [89] stated that German
households’ ecological attitudes hardly affected the investment decisions concerning small-scale PV
installations. In any case, this could imply that broader environmentally-conscious behavior could
stimulate awareness of microgeneration technologies, considering that individuals with such a life
approach are more likely to have an interest in information regarding microgeneration technologies.

Apart from new empirical evidence concerning the residential microgeneration technologies
market acceptance determining factors, this study’s results also offer several implications for policy
makers and marketers. The importance of socioeconomic and residence characteristics, environmental
behavior, and market and cost aspects are certainly valuable in terms of relevant policies and marketing,
as carefully designed measures can be planned based on this information. Indeed, the results are
significant to policymakers, as they highlight the importance of the subsidy program and improvements
of market conditions. Policies improving market conditions in terms of initial cost reduction, legislative
frameworks, and awareness of these technologies may foster the diffusion of these systems. In any case,
innovative business models aiming multifamily buildings and low-income households are necessary
in order to open the range of the market potential. For example, low initial cost PV systems have been
provided to the mass market in the United States through the third-party PV ownership practice [106].
Additionally, a wider range of the population could have the opportunity to install microgeneration
systems though community investments [107].

Nonetheless, a number of limitations that might have influenced the obtained results have been
identified in the present paper. Perhaps the most significant limitation of the study is that the sample is
not completely representative of the general population of Greece, given that the survey was conducted
exclusively via an online questionnaire. In particular, and based on the data of the 2011 Greek National
Census [108] presented in Table 1, it is evident that there is an overrepresentation of highly-educated
people and the middle-aged, working generation. Be that as it may, the sample could nonetheless lead
to particular findings which could be used for debate or further studies [88,109].

Another possible discrepancy concerning the questionnaire is that the 2019 survey included some
minor modifications, capturing relevant market and financial changes over time, as well as slight
amendments in wording, compared to the questionnaire which was developed and distributed in 2012.
An additional alteration between the two questionnaires was that the recent one also included two
instructed response items, i.e. attention checks. One last alteration in relation to the two distributed
questionnaires concerns the environmental awareness and environmental behavior indexes, as the
total number and content of the questions used to develop them were slightly different. Despite these
weaknesses, the authors believe that this work is still a thorough basis for drawing conclusions, on the
effect of the factors affecting the residential installation of a microgeneration system, towards decisive
guidance in policymaking over time in a European country.

Further research could include an examination of the factors affecting market acceptance of each
different microgeneration technology, going a step further in relation to the present study which
investigates microgeneration systems in general, without differentiating among particular technologies.
An additional subject of interest would be to take into account not only installers and non-installers,
but a third category as well, i.e., consumers that have not installed, but have the intention of doing so.
Finally, the same theme, i.e., the examination of factors affecting microgeneration system installation
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over time, could be investigated in the context of the commercial sector. All this proposed research could
assist policy makers in identifying the best policies in terms of the diffusion of microgeneration systems.
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