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Abstract: This paper investigates the profile of end user of renewable energy sources (RES) among
Polish households. Users differ in their sex, age, economic status, knowledge about energy,
their attitudes toward RES and pro-ecological behavior therefore our focus was on exploring
segmentation criteria. The main determinants of willingness to install small-scale RES among
households were assumed as segmentation criteria. The research identified the correlation between
the households’ willingness to install RES and (1) socio-economic and energy awareness variables,
(2) pro-ecological and pro-effectiveness behaviors variables. The main determinants of RES adoption
were explored using empirical analysis with data collected by the survey among 960 households in
Lower Silesia, a southwest region in Poland in November and December of 2015. The importance
of the variables was verified by a logit model. The discovery of the user profile is vital to obtain
knowledge about users of small-scale generators to provide them personalized offer. The finding
from this study could be valuable for local authority’s energy utilities that are involved for increasing
the adoption rate of RES among households and for (e.g., services companies installing RES) that are
interested in increasing number of RES installations.

Keywords: consumer segmentation; end user profile; households; renewable energy sources (RES);
pro-ecological behavior; energy awareness; prosumer

1. Introduction

In Poland, in the last 30 years, there has been a significant change in the structure of energy
consumption in various sectors of the national economy. The share of households in overall electricity
consumption in 1990 was 17%, and 19% in 2015 [1,2].

In Poland, households consume one-fifth of energy [3] and they are an important target group
for climate and energy policies, especially since most of the energy comes from conventional sources.
Only 13% of the energy consumed by households in Poland comes from renewable energy sources,
and it is mainly the share of firewood. Other renewable energy sources either have an approximate
share less than 1% (e.g., solar or geothermal) or are unidentified (biomass energy) (cf. Reference [3]).

Additionally, the characteristics of changes in pollutant emissions into the atmosphere indicate
that it was the companies that reduced the emissions of harmful substances to the greatest degree,
rather than the households [4]. It is important to lower the CO2 emissions by households. In Poland,
the high level of such pollution is the result of using outdated heating systems based on conventional
fuels. This is an important issue in villages and some cities (e.g., Cracow), where inhabitants suffer
from smog. Dispersed renewable energy sources (RES) intended for installation in households could
be more developed in Poland.

These facts point to how important consumers of electricity and heat are households, which should
be of interest to the energy policy makers (at national and local level), electricity and heat retailers,
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distributors, manufacturers and services of micro-installations of RES, e.g., photovoltaic cells, solar
panels, heat pumps, wind turbines. From the perspective of each of these entities, segmentation
of households and the identification of characteristic behaviors of households in key segments
is important.

The purpose of the study is to explore the profile of households which want to become a
prosumer. This paper investigates the main determinants of willingness to install small-scale RES
among households using empirical data. The main determinants such as sex, age, floor area of
building, and education level were adopted as segmentation criteria. Additionally, the paper presents
pro-ecological and pro-effectiveness behavior of households, their attitude toward installing or not
installing RES, their expectations and fears related to being a prosumer.

The contribution of the paper is threefold. Firstly, based on a literature review the main determinants
of willingness to install small-scale RES among households were shortly described. Secondly, the proposal
of segmentation criteria was made, which allowed distinguishing statistically important segments of
households for installing micro-installations of RES in Poland. The macro-segmentation of the market
of customers of RES installations was carried out together with showing their potential size in Poland.
Next, the residential customer was chosen to explore micro-segmentation. The residential customers in
Poland was explored in a more detailed way using the results of survey research to point out the factors
influencing the willingness to install RES or to become a prosumer.

Finally, the profiling of main segments was prepared including the description of key features and
households’ behaviors. These results could be the guidelines for local authorities and other decision
makers as well as for the producers and the deliverers of micro-installations of RES. In this way they
could be a source of information for marketing actions.

The structure of the paper is as following: In Section 2 the literature is reviewed by discussing
the thematic type of research related to characteristics of electricity consumers (households) as well
as their willingness to pay for green energy (it is similar like willingness to pay for green tariffs)
and willingness to install the RES micro-installations. Section 3 describes the research conducted
in Poland (Lower Silesian voivodship) in 2015. In the first point of this section the research sample
is presented—including its structure, the research purposes, the used research methods, and the
structure of questionnaire. In the second point of this section the results linked to the characteristics of
potential prosumers, persons who would like to become a prosumer in the future, is presented. Next,
the results of the Chi-test made for researched features and pro-ecological behavior of households
is shown. In third part of Section 3 these characteristics and behaviors are tested by using the logit
model. Based on the statistical methods, the segmentation and profiling of households was made.
Finally, in Section 5 the main results are summarized, as well as the recommendations for policy
makers formulated.

2. The Literature Review

Taking into consideration the goal of this paper, residents’ features influencing being or becoming
a prosumer and/or installing micro-scale RES installations are crucial. There are almost no studies
directly related to households’ segmentation and profiling according to non-technical characteristics.
Therefore, the recent research about testing households’ features which affect their pro-ecological
decisions (like adoption of RES technologies, higher willingness to pay (WTP) for a green energy
or a green tariff) is the frame of this article, and they were key points for designing our survey.
These studies have been carried out by the scientists coming from e.g., countries like: Sweden, Britain,
Spain, Greece, Dania, Canada, China, and South Korea. The authors used such research methods as:
Choice experiment [5], mixed logit model [6], Chi-square test or other statistical tests [6], contingent
valuation method [7]. The main problem with focusing on the adoption of green technologies, in the
most cases, is the fact that the respondents’ declarations were investigated, but not their real behavior.
Only the demographic features could be recognized as verified. To select the significant features, a desk
research was made according to such topics as: The WTP for green (renewable electricity) or for green
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tariff, propensity to install RES, social acceptance for RES, and the identification of main characteristics
prosumers or households having RES.

2.1. Willingness to Pay for Green Energy (Renewable Electricity) or for Green Tariff

The research related to willingness of households to pay extra for “green” energy was carried
out e.g., by Batley, Colbourne, Fleming, and Urwig, who investigated the willingness to pay for green
energy [8,9]. According to them, there is positive correlation between the WTP for renewable energy
and such variables as: Income, the willingness to invest in energy efficient appliance energy efficiency
of individuals and “social grouping.” Shin and Hwang studied energy users, taking into account
characteristic demographic variables (e.g., gender, age, education) and their propensity to pay for
renewable fuels in the context of the renewable fuel policy in South Korea [10].

The approximation of WTP for renewable electricity among Beijing (one province in China)
residents was carried out by Guo, Liu, Mao, Jin, Chen, Cheng [7]. They described that almost half of
respondents had a negative attitude to the WTP for renewable electricity. The main reasons for this
negative opinion were their low income, the belief that it is governments duty to develop renewable
electricity, and the “lack of faith that the money would be used for the development of renewable
electricity” [7]. They confirmed the positive correlation between the WTP for renewable electricity and
the household income and the monthly electricity consumption. The negative correlation was between
the WTP and bid price. Zarnikau [11] suggests that an important factor is the age of the respondents
(the people under age 55 are more willing to pay than older persons). According to Zarnikau [11] and
Wiser [12] the WTP for renewable energy is higher among households renting accommodation than
consumers having own home. The literature review does not confirm that gender is the significant
factor influencing the WTP for renewable energy (e.g., References [11,12]). Interesting research was
completed by Rowlands et al. [13].

The Spanish scientists [5] confirmed that the WTP for renewable energies depends on: The consumers’
negative past experiences connected with outages of energy supply; the level of education as expressing
greater concern for greenhouse gases (GHS) emissions; and those who display energy saving behavior.

2.2. Willingness (Propensity) to Install RES

The effect of various factors on the decision to install RES in British households was shown by
Scarpa and Willis [6]. They identified the barriers to installing micro-generation technologies, such
as solar photovoltaic cells, micro-wind turbines, solar thermal cells, heat pumps, biomass boilers
and pellet stoves. Using the logit model, they tested the importance of such factors characterizing
British households as: Capital cost, energy bill per month, maintenance cost per year, recommendation
by friends and/or by plumber, contract length, the inconvenience of system. This inconvenience
could require e.g., a garden to be dug up during installation, refueling and space for fuel storage
(e.g., biomass), or the space for a boiler. The vast majority of British households had not installed
these technologies, due to high capital costs in comparison to annual savings in energy running costs.
This fact evidences households’ rationality.

2.3. Social Acceptance for RES

Carlman considered the problem regarding social acceptance for wind energy, in particular
the social, political and regulatory framework surrounding the placement of wind turbines [14].
The results of her research show that there exist a significant number of barriers to social acceptance.
Persuading local communities of the positive impact of such investments, together with obtaining
the appropriate legal permission, lasts from 7 to 10 years. This research was developed by e.g.,
Bosley [15], who defined and analyzed problematic issues associated with the implementation of
RES. Upham et al. [16] analyzed the main factors governing social acceptance for variance types of
energy sources in Great Britain. In turn, Stackley [17] investigated social acceptance in Europe for the
technologies for capturing and storing CO2. The level of social acceptance for solar energy has also
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been studied in the Chinese region of Shandong [18]. In Polish conditions, the research about green
electricity adoption was conducted by Kowalska-Pyzalska [19].

2.4. The Identification of Main Characteristics of Prosumers or Households Having RES

In Poland, CSO reports on household energy consumption are published every three years.
There is data on the structure of consumption of individual energy carriers, electrical equipment and
household equipment for heating systems [3]. In 2015, surveys were conducted by the Consumer
Federation on the barriers to the development of prosperity in Poland and the preconditions and the
restrictions on the installation of RES [20]. Therefore some Polish universities have conducted research
on Polish households and their energy consumption, e.g.,:

• Survey research linked to environment, energy saving, the energy consumption by households and
opinion on energy-efficient construction was conducted in one region of northwestern Poland [21],

• Survey research partially related to the households’ ecological behavior was conducted in one
region of southeastern Poland [22],

• Survey research partially about energy awareness was conducted in Upper Silesia—the region in
southern Poland [23].

2.5. Identification of the Main Barriers to Installing RES or to Becoming a Prosumer

In China, the most significant barriers to developing RES are the high price of these installations
and the lack of available capital [7]. In Poland, according to the Consumer Federation, the main
obstacles to installing RES by Polish households are [20] too high cost of RES installation and other
things like: Too long payback period, the lack of information, the lack of advice, the lack of co-funding,
and unclear legal regulation. In the wider issues were made research by Da Silva, Karnouskos, and Ilic.
They identify the needs of the prosumers (households) in the context of Smart Grids development in
Spain [24], e.g., to have comfortable access to information on different type of devices.

Summarizing the literature review it could be written that the factors increasing the acceptance for
green energy and micro-installation of RES as well as WTP for them are: Consumer income, place of
living (accommodation or own home), return of investment, education, ecological knowledge and
awareness, and age.

Firstly, such research as WTP for green energy or social acceptance of RES made in Chinese, British
or Swedish economy cannot be directly applied to assessing the readiness to install RES in Poland,
since Polish society is characterized by a different mentality, culture, habits and, above all, economic
conditions (income, possessions, wealth, savings and living costs), e.g., the UK is richer than Poland [6],
so we can imagine that Polish households are not interested in using RES technologies. Secondly,
in Poland this type of research was conducted on a small scale, while the decision makers need this type
of research as related to current economic conditions of household. There are relatively few studies
on profiling the energy consumers and most profiling studies describe the technical characteristics
of consumers, not social ones. Thus, it was necessary to carry out a Polish survey, whose results are
presented in this article. Our research is conducted according to a microeconomics approach and we
try to identify not only typical demographic and economic factors influencing households’ behaviour,
but social factors and related psychological factors. It is not a popular and widely used approach to
explore the behavior of individual energy consumers, i.e., households, but recently some researchers
have studied e.g., households’ behaviour, their willingness-to-pay for RES micro-installations [6], green
energy [8] or the factors determining prosumers’ behaviour [24] and they have taken into account the
psychological features of individual energy consumers.
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3. Materials and Methods

3.1. Design of Survey among Households in Poland

The survey ‘Modeling prosumers’ behavior in the energy market’ was conducted in November
and December 2015. The research sample consisted of households from Lower Silesia (one of the
regions in southwestern Poland), which covers 6.38% of the country’s area, and is a place of residence
for 7.56% of the Polish population [25]. The research sample was selected according to the stratified
structure of the population of the Lower Silesian Voivodship according to criteria such as number of
women and men, place of residence (poviats) and age of men and women in individual countries,
distinguishing the following age brackets: 20–29 years, 30–49 years, 50–64 years and 65 and over.
This sample selection reflected the gender and age structure of Lower Silesian poviats, so the sample
was representative (see Figure 1). Additionally, the age structure of the sample, broken down by sex,
corresponds to the structure of the Polish society [25]. Therefore, it allows for the extension of the
conclusions to the entire population. The structure of respondents and Polish population structure by
age and gender is presented in Table 1.
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Figure 1. Age distribution of the sample and population of Lower Silesia.

Table 1. Sample structure according to sex and age.

The Research Sample The Polish Population in 2015
(in Thousands)

Age (in years) Male Female F/M Male Female F/M

19–29 86 84 0.98 5348.7 2722.1 2626.5
30–49 176 167 0.95 11,345.3 5729.8 5615.5
50–64 134 137 1.02 8025.8 3853.6 4172.2

65 and over 66 110 1.67 5968.5 2317.8 3650.7

A pilot test of the survey was conducted before large scale implementation. The pilot study was
conducted on a small subset of the sample (30 questionnaires) to fine tune the survey and to test its
usefulness. A pilot version of the questionnaire was constructed in cooperation with a psychologist.
Only some minor changes were made after this test to improve the clarity of several questions and
response options. The size of the sample was determined on the basis of statistical data concerning
the number of households and prosumers being natural and legal persons (data from Distribution
System Operator). Assuming the confidence level was equal to 99% and the confidence interval to
3%, particular numbers of households (1846) and prosumers (99) was obtained. Thus, the total size



Sustainability 2018, 10, 4452 6 of 21

of the sample was calculated as 1945 respondents [26], but to survey a higher number was assumed.
By telephone method, 2000 respondents, who were decision-makers in households, were surveyed.
However, due to the incompleteness of some answers to different questions, only 960 questionnaires
were categorized into the survey.

The questionnaire consisted of 34 questions, which could be divided into four groups:
Demographic and social data, economic data, knowledge and awareness data and behavior and
attitudinal data. The structure of the questionnaire and the objectives of each question group are
shown in Figure 2. The questions were both closed (including selection cafeteria and open. Likert’s
scale (5th and 4th graders) was used in the questionnaire regarding the behavior and attitudes of
the respondents.
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The first group of questions concerned the demographic and social characteristics of respondents,
including basic housing conditions (i.e., type of building, the area of the apartment, type of heating and
hot water source). The second group of questions concerned economic aspects, i.e., monthly income
and expenditure on electricity. It should be noted that 30% of the respondents did not answer the
income question. Another group of questions was about knowledge and awareness concerning house
energy aspects. The purpose of these questions was to check the extent to which respondents are
aware of the opportunities they face today due to legal regulations concerning i.e., being a prosumer,
or changing electricity providers. Additionally, to check to what extent they are open to new technical
solutions, i.e., installing smart meters or micro-installations of RES. It is logical to assume that the
question concerning knowledge about the tariff group reflects the level of the basic knowledge that
a decision maker in the household would have, and entails a more informed choice of the tariff
group. The ‘knowledge and awareness’ questions were linked to other supplementary questions
that were assigned to the questionnaire part concerning ‘behavior and attitudes’ of the respondents.
They were covering, among others, an indication of the reasons for the change of the electricity supplier
or the failure to make such a change, the reasons for deciding to install RES or to abandon such a
decision, or the desire to become a prosumer and indication of the benefits and disadvantages of
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being a prosumer. Such questions have allowed investigating the tendency of households to install
RES and/or become prosumers, as well as to identify the attitudes of individual respondents toward
RES installation and pro-consumerism. The analysis of attitudes and behaviors of the respondents
was supplemented by a group of questions related to typical pro-ecological and pro-efficiency habits
related to e.g., switching off the light (see Figure 2).

3.2. Survey Results

The main conclusions regarding the characteristics of respondents who became the basis for the
selection of household segmentation criteria (Section 4.1) and the selection and further study of the
characteristics of the target group are presented below.

Although electricity and heat are basic goods that meet many consumer needs for everyday living
(e.g., lighting, communication, fun and entertainment, cleanliness, heating), the results confirm that
awareness and knowledge about house energy is not the best among households, as evidenced by the
number of positive responses in the ‘knowledge and awareness’ question group (see Table 2).

Table 2. Knowledge and awareness of households about the ‘house’ energy aspects.

Questions Concerning Knowledge Yes No I Have Heard This Term, but Do
Not Know What It Means

Know the tariff? 118 842 -
Have changed the provider? 85 875 -

Have a smart meter? 267 693 -
Know the term prosumer? 72 858 30

In addition, the survey identified the number of households with RES (45) micro-installations,
the number of households that are willing to install RES (281) and the number of households that do
not have RES and do not want to install them in the future (623). Numbers in parentheses determine
the size of individual subgroups. A total of 11 people without RES have not answered the question
whether they would like to have RES. Therefore, the sum of the answers given is smaller by 11 than
the sample size.

In the group of 118 people who know their electricity tariff, only nine people have RES installations,
and only 11 people know the term ‘prosumer’ (two people have heard the word ‘prosumer’, but they
do not know its meaning). The relations between the group of people “who have or want to have
RES” and who know their tariff, who have changed electricity suppliers, who has a smart meter and
who know the term ‘prosumer’ was verified using statistical tests. The only significant relationship is
between the group of people who know their tariff and the willingness to have RES. People who know
their tariff have more willingness to install RES (Chi-square (2) = 15.438 with p-value < 0.001).

Based on Chi-square tests, statistically significant relations were identified and presented in
previous works [27,28]. In Reference [27] socio-economic variables were analyzed and there was a
relationship identified between willingness to install RES and (1) sex, (2) age, (3) number of people
in a household, (4) monthly average net income, (5) the floor area, (6) monthly expenditure on
electricity and (7) level of education. The research presented in Reference [28] allowed the researchers
to identify the correlation between pro-ecological and pro-effectiveness behaviors of households
and their willingness to install RES. The significance of the factors influencing the RES installation
was verified by a Chi-square test. Among pro-ecological and pro-effectiveness behaviors were of
consequence: (1) The utilization of electro-rubbish, (2) using energy-saving lights (LED), (3) installing
energy-saving household equipment, (4) sorting rubbish (garbage), (5) battery utilization, (6) switching
off the lights, (7) washing or ironing at particular times. The significance of qualitative variables,
which influence a household’s decisions about the RES installation, was verified by the results of the
logit model in Section 3.3.
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Over 64% of respondents always behave pro-ecologically. The lowest pro-ecological attitude was
in the case of the utilization of electro-rubbish, where 16% of respondents never utilized electro-rubbish.
In the case of pro-effectiveness behaviors, households’ attitudes to washing or ironing at particular
times and using eco-option in washing machine were analyzed. Depending on a one-time zone or
two-time zones tariff, households’ attitudes to washing and ironing were analyzed. Almost 60% of
households do not have a two-time zone tariff, so they cannot use them during washing and ironing.
Among the households which have a two-time zone tariff, 41% state they always wash or iron in
particular times using cheaper energy. Almost 27% of households have the old type of washing
machines, so they do not have eco-options. The rest of households have washing machines with
eco-options. A total of 62.6% of them always use eco-options while washing clothes [28].

Another part of the analysis on pro-effectiveness behaviors concerned questions about dwelling
equipment in energy-saving lights, LED lights bulbs, home appliances A+++. Over 70% of households
own only older types energy-saving lights. Less than 46% of households own more energy efficient
equipment, such as LED lights and home appliances A+++. A total of 18.5% of households own only
LED lights, and 16.2% of households own only home appliances A+++ class.

3.3. Verification of Survey Results by Logit Model

A logit model was used for the analysis, because the endogenous variable is dichotomous. The aim
of modelling the binomial variable is the forecast of the change in the probability of making a decision
to install RES caused by a change in the value of one of the exogenous variables. While constructing the
regression equation of the logit model, all socio-economic and energy awareness explanatory variables
were included together in it (see Table 3), which may explain the behavior of the explained variable.
Another model was created for explanatory variables related to pro-ecological or pro-efficiency
attitudes of households. All explanatory variables were included in one logit model. Below are
presented results of two logit models.

The calculations were made using the Gretl program. The level of significance was 95%. Using
the logit models, odds ratios were determined OR = exp βi, which is interpreted as a relative chance
of occurrence of an event in a given subgroup in comparison with the reference group. At the
same time, ranking does not allow the indication of differences in the odds ratios for individual
categories of features, what was particularly important for age, expenditures and education (results
of previous analyses for those variables are presented in Polish in Reference [29]). For this reason,
explanatory variables were converted into 0–1 regressors. The original nominal variable, with k
variants, was transformed into k-1 artificial variables, and one of the variants was not introduced to
the model but is a reference point (the so-called reference group) for other artificial variables.

The results of estimation of the logit model for socio-economic variables and energy awareness
variable are presented in Table 4. The explanatory variables such as income—In, changing the
provider—P, understanding the prosumer term—Prosum and smart meter installed—SM were
statistically insignificant (p-value > 0.05). Statistical significance was confirmed by the logit model in
case of: (1) Sex, (2) number of people in a household—F, (3) floor area—FA, (4) type of building—B,
(5) energy tariff awareness—T.

Some of artificial variables were not statistically significant (p-value > 0.05). The obtained results
did not confirm previous assumptions about statistical significance between decision to install RES and
monthly expenditure on electricity—Ex. However, the results confirmed statistically significant
relationships between decision to install RES and (1) particular group of age 30–49 years—A2,
(2) particular groups of education levels; basic vocational—Edu3 and secondary—Edu4.

Then, using the logit model, explanatory variables such as pro-ecological or pro-efficiency
attitudes of households were used to explain a household’s decision about the RES installation. For this
model, the odds ratios were also determined. The pro-ecological and pro-effectiveness behavior
variables were multi-variant quality variables (take values from 0 to 6 or values from 0 to 3) and are
presented in Table 5.
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Table 3. The exogenous us variables used in logit model.

Variable Description Values Type of Variable

Sex sex of decision person 1 = female 51.95
binomial2 = male 48.05

F number of people in a household

1 = 1 person 13

1–9 scale,
multi-variant

2 = 2 persons 30.7
3 = 3 persons 20.5
4 = 4 persons 20.3
5 = 5 persons 8.6
6 = 6 persons 4.1

7 = 7 and more persons 2.7

In monthly average net income

0 = N/A, 32.2

0–7 scale,
multi-variant

1 = up to 750 Euro 42.2
2 = 750–1000 Euro 13
3 = 1000–1250 Euro 5.8
4 = 1250–1500 Euro 2.9
5 = 1500–2000 Euro 1.8
6 = 2000–2500 Euro 0.8

7 = more than 2500 PLN 1.3

FA the floor area

1 = up to 40 m2 6

1–8 scale,
multi-variant

2 = 40–49 m2 9.6
3 = 50–59 m2 14.2
4 = 60–79 m2 18.2
5 = 80–99 m2 15.7

6 = 100–149 m2 18.9
7 = 150–200 m2 11.4

8 = more than 200 m2 6

B type of building 1 = detached house 49.2
binomial2 = multifamily 50.8

T energy tariff awareness 1 = yes 12.3
binomial2 = no 87.7

P changing the provider 1 = yes 8.9
binomial2 = no 91.1

Prosum understanding of the term ’prosumer’
1 = no 89.2

1–3 scale,
multi-variant

2 = not sure 3.2
3 = yes 7.6

SM smart meter installed
1 = yes 27.6

binomial2 = no 72.4

A age of decision person

19–29 (A1) reference group 17.8

artificial
30–49 (A2) 35.9
50–65 (A3) 28

more than 65 years (A4) 18.2

Ex monthly expenditure on electricity

up to 12.5 Euro (Ex1) reference group 7.6

artificial
12.5–25 Euro (Ex2) 33.1
25–50 Euro (Ex3) 38.6
50–75 Euro (Ex4) 12.4

more than 75 Euro (Ex5) 8.3

Edu level of education

undefined or below primary (Edu1)
reference group 3.2

artificial
primary (Edu2) 2.6

basic vocational (Edu3) 18
secondary (Edu4) 42

tertiary (Edu5) 34.2

The results of estimation of the logit model for pro-ecological and pro-efficiency attitudes variables
are presented in Table 6. The obtained model did not confirm significance of qualitative variables,
such as the utilization of electro-rubbish—UE, battery utilization—UB, switching off the lights—L,
using eco-options in washing machine—Eco.

It was observed that significant relationships exist between a household’s decisions about the RES
installation and (1) sorting rubbish—S, (2) washing or ironing at particular times—W, (3) switching
off electrical equipment (e.g., computer) if nobody uses—K, (4) using LEDs—LED, and (5) installing
energy-saving home appliances—HA.
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Table 4. The results of estimation of logit model for socio-economic and energy awareness variables.

Variable Coefficient p-Value Significance Level Marginal Effect Odds Ratio

Sex 0.4189 0.0153 ** 0.0834 1.5203
F 0.1887 0.0036 *** 0.0008 1.2077
In 0.0040 0.9467 0.0829 1.0041
FA 0.4163 <0.00001 *** −0.2541 1.5163
B −1.2757 <0.00001 *** −0.1529 0.2792
T −0.7675 0.0018 *** 0.0479 0.4642
P 0.2404 0.4378 0.0082 1.2718

Prosum 0.0411 0.7893 0.0432 1.0420
SM 0.2170 0.2562 0.0994 1.2424
A2 0.4988 0.0432 ** 0.0152 1.6468
A3 0.0763 0.7706 −0.0236 1.0793
A4 −0.1184 0.6995 −0.0455 0.8883
Ex2 −0.2285 0.6097 −0.0211 0.7957
Ex3 −0.1059 0.8130 −0.0361 0.8995
Ex4 −0.1811 0.7132 −0.1551 0.8343
Ex5 −0.7785 0.1483 0.2034 0.4591

Edu2 1.0209 0.1807 0.2366 2.7756
Edu3 1.1879 0.0401 ** 0.2628 3.2802
Edu4 1.3191 0.0191 ** 0.1939 3.7400
Edu5 0.9734 0.0875 * 0.0376 2.6470

Note: *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 5. The exogenous variables used in logit model.

Variable Description Values

S sorting rubbish 0–6 scale,
0 = does not apply,

1 = never,
2 = very rarely,

3 = rarely,
4 = often,

5 = very often,
6 = always

UE the utilization of electro-rubbish
UB battery utilization
L switching off the lights
W washing or ironing at particular times
Eco using eco-options in washing machine

K switching off electrical equipment
(e.g., computer) if nobody uses

LED using LEDs 0–3 scale, 0 = I have no such devices,
1 = I have, but there are a few,

2 = I have a lot of these devices,
3 = I have only such devices

HA installing energy-saving home appliances (A+++)

Table 6. The results of estimation of logit model for household’s behavior variables.

Variable Coefficient p-Value Significance Level Marginal Effect Odds Ratio

S 0.1089 0.0178 ** 0.0241 1.1151
UE 0.0485 0.2241 0.0107 1.0497
UB −0.0478 0.3029 −0.0106 0.9533
L −0.0660 0.2657 −0.0146 0.9361
W 0.1058 0.0067 *** 0.0234 1.1116
Eco 0.0261 0.3747 0.0058 1.0265
K 0.0998 0.0033 *** 0.0221 1.1049

LED 0.2699 0.0000 *** 0.0598 1.3098
HA 0.1876 0.0048 *** 0.0416 1.2063

Note: *** p < 0.01, ** p < 0.05, * p < 0.1.

3.4. The Main Determinants of Becoming a Prosumer—Summary of the Results

The logit model results confirmed that significant relationships exist between a household’s
decisions about the RES installation and thirteen explanatory variables—the main determinants of
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becoming a prosumer. For socio-economic and energy awareness variables, a higher relative chance of
making a decision about installing RES is in case of:

• Decision making person in the household is a man, the chance is higher by 52%,
• Decision making person in household is in age 30–49, the chance is higher by 65%,
• Decision making person in household has basic vocational (higher by 228%) or secondary

education level (higher by 274%),
• Increasing the floor area, is higher on average by 52%,
• Living in a detached house, higher by 72%,
• Increasing the number of people in a household, is higher on average by 21%,
• Knowing energy tariff, higher by 54%.

For pro-ecological or pro-efficiency attitudes variables, a higher relative chance of making a
decision about installing RES is by households which more often behave pro-ecologically than by a
household which does not concern this behavior. A higher relative chance of making a decision about
installing RES is for:

• Sorting rubbish (the relative chance increases by, on average, 12%),
• Washing or ironing at particular times (the relative chance increases by, on average, 11%),
• switching off electrical equipment (e.g., computer) if nobody uses (the relative chance increases

by, on average, 10%),
• using LEDs (the relative chance increases by, on average, 31%),
• installing energy-saving home appliances (the relative chance increases by, on average, 21%).

The criteria of market segmentation was formulated on the basis of main determinants of
becoming a prosumer which were confirmed by the logit model. Particular steps of micro-segmentation
are based on socio-economic variables such as sex, floor area, age and education level.

In the case of type of building, there was a correlation between this variable and floor area. Living
in single-family houses was identical with living in an area of more than 80 m2, consequently to
segmentation was selected only one of them—floor area.

In the case of level of education, the results of the logit model confirmed a significant
relationship between this variable and willingness to install RES. The highest chance to install RES is a
household where the decision making person has basic vocational or secondary education. However,
the percentage analysis conducted in works [27–31] (see Figure 3) suggested the relationship between
technical education and willingness to install RES. Chi-square test analysis (Chi-square (8) = 21.633
with p-value < 0.006) confirmed a significant relationship between level of education and willingness
to install RES. Among households where the decision maker has graduated from secondary technical
education, 40.6% are willing to install RES or have RES installation. This indicates the potential to
expand among this group, which has the technical ability to appreciate RES, but do not possess the
technical or financial means to install RES. Figure 4 indicates that there exists a positive association
between having studied a technical educational and installing an RES. Comparing households whose
decision maker had a technical education with general education for both secondary or tertiary ones,
it can be seen that a higher percentage of households were inclined to install RES in the case of
technical education. Therefore, the education level (technical or nontechnical) was assumed as the
fourth segmentation criteria.
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4. Profiling of the Prosumers

4.1. Criterion of Market Segmentation

The macro-segmentation of the market of customers of RES micro-installations in Poland can be
carried out due to the type of user of RES installation. Each segment will differ in the decision-making
process, the possibility or lack of possibility of ‘shifting’ the investment outlays to other entities,
the installed capacity and the applicable legal provisions concerning the installation procedures
for RES and the possibility for resale of electricity produced from this installation to distribution
company. In Poland, there are different procedures concerning entrepreneurs and individuals who
install RES micro-installations. Only in the latter case, one can speak about a prosumer. In Figure 5,
the segmentation of the audience according to the criterion ‘type of entity’ was proposed. The potential
size of individual segments in Poland was also indicated.

The first segment is created by micro-entrepreneurs, the second one is created by the owners of
public buildings, i.e., offices, schools, hospitals and other facilities. The third macro-segment is created
by households, which are firstly divided into those that do not engage in farming activities (i.e., they are
not agricultural) and those that are the agricultural households. There are over 9 million households in
Poland [31]. Nearly 50% of households (non-agricultural) live in single-family or semi-detached homes,
so they can afford to install RES [32]. The additional potential is created by agricultural households.
There are over 4.4 million of them [33]. It is clear that the potential for micro-installations of RES in the
household segment is around 8.9 million. Moreover, according to Bargiel et al. [34], urban households
report about 17,000 GWh of electricity demand and rural farms of about 10,000 GWh.
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As noted in the introduction, the purpose of the study is to explore the profile of households
which want to install RES. Households with the highest level of willingness to install RES are those
where the decision making person is a man in age of 30 to 49 years with technical education, living in
single-family houses with an area of more than 80 m2 (see Section 3). The following section presents
the characteristics and behavior of this group of respondents compared to the similar group of men
but with non-technical education. Figure 6 shows the sample size for micro-segments according to the
presented above criteria.
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4.2. Results of Segmentation—Behavior of Households (Residential Consumers)

In selected segments, i.e., men with technical education (hereinafter referred to as T segment) and
non-technical (NT segment), the behavior and attitudes of respondents were examined. Comparing
the knowledge of T and NT respondents, a higher percentage of men with technical education know
their tariff group (26.8%) than those with non-technical education (12.2%). Moreover, the knowledge
of the tariff group was statistically significant in the case of the willingness to install RES (cf. Section 3).
Figure 7 shows the percentages of respondents that have knowledge about home energy aspects for
the T segment and the NT segment.
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The other group of variables tested was those belonging to behavior and attitudes. Figures 8
and 9 show the percentage of respondents with LEDs and A+++ appliances in the T and NT
segment, respectively.Sustainability 2018, 10, 4452 15 of 22 
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Figure 8. Percentage of respondents with LED bulbs in the T and NT segment.

People in the T segment use a larger percentage of LED lighting and energy-efficient appliances.
In addition, 48.6% of people in the T segment have mostly or only LED bulbs, and in the NT segment,
only 39% declares that. In turn, 34.9% of households in the T segment and 28.8% of the NT segment
declared that they have mostly or only A+++ appliances. It is clear that people with a technical
education are more likely to shop for more energy efficient home appliances.

Table 7 shows the percentage of respondents in both segments declaring that they always
exhibit specific environmental behaviors and Figure 10 presented frequency of particular declared
pro-ecological behaviors.
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Table 7. Percentage of men declaring that they always behave pro-ecologically (with segments
breakdown) (%).

Declared Behaviour Segment T Segment NT

Sorting rubbish 70.0 71.0
Washing or ironing at particular times 15.4 17.8

Switching off electrical equipment
(e.g., computer) if nobody uses 69.6 66.3
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Figure 10. Percentage of respondents declaring behavior related to (a) sorting rubbish, (b) washing or
ironing at particular times, (c) switching off electrical equipment (e.g., computer) if nobody uses.
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It is clear that a higher percentage of people in the NT segment is almost always pro-ecological.
Only in regard to switching off electrical equipment, the relationship is opposite. It is difficult to
pinpoint the cause of such differences, but it can be argued that people with more humanistic education
be more sensitive to environmental aspects than people with technical education, but more in-depth
research should be done.

In the case of sorting rubbish only 4% in NT segment and 2% in T segment declared that they
did not care about environment. In case of washing or ironing at particular times, almost 60% of
households do not have a two-time zone tariff, so they cannot use it. The percentage values for NT
and T segments were respectively 56.7% and 60.3%. Among the households that have a two-time zone
tariff (see Figure 10b) never wash or iron at particular times, 62% of them in the T segment and 56% in
the NT segment. In the case of switching off electrical equipment if nobody uses, respectively 13.5%
and 7.9% of households in the NT and T segments declared that this problem did not apply to them,
probably they do not have a computer. In this case, more pro-ecological behavior was demonstrated in
the T segment.

4.3. Results of Segmentation—Attitudes of Households (Residential Consumers)

In the group of questions concerning behavior and attitude, the respondents were asked to
indicate the reasons for installing or not installing RES (Tables 8 and 9); factors that motivate to be a
prosumer (Table 10) and those who have influenced the decision that the respondent is not and does
not want to be a prosumer in the future (Table 11). Respondents were also asked to indicate the benefits
and disadvantages of being a prosumer (Tables 12 and 13). All questions were semi-open questions.
Based on pilot studies, several options were selected. The respondent was also given the opportunity
to provide his/her own answer. These were multiple choice questions. Tables 8–13 present the most
commonly reported responses by the T and NT segment.

Table 8. Reasons for installing RES.

T Segment NT Segment

Long-term saving (7.9%) Long-term saving (7.3%)
I feel like an ecologist (3.2%) -

Table 9. Reasons for not installing RES.

T Segment NT Segment

Lack of financial resources (27%) Lack of financial resources (34.1%)
Too expensive comparing to the source used now (9.5%) Too expensive comparing to the source used now (9.8%)

Lack of knowledge (6.3%) Lack of knowledge (2.4%)
Technical reasons (7.9%) Technical reasons (2.4%)

Lack of time (3.2%) Lack of need (2.4%)
Financially inefficient (7.9%)

Table 10. Reasons for being a prosumer.

T Segment NT Segment

Long-term savings (12.7%) Long-term savings (9.8%)
Financial benefits (9.5%) Financial benefits (7.3%)

Openness to technical novelties (7.9%) Openness to technical novelties (2.4%)
Convinced by specialist (3.2%) Favorable regulations (2.4%)

Possibilities of co-funding (4.8%)

Summarizing all answers, men in the T segment have more knowledge of the pros and cons
of becoming a prosumer, which is in line with the declared proficiency of the prosumer concept.
Regarding the reasons for installing RES, respondents pointed to long-term savings, only a small part
of them pointed to ecology. Both segments indicated the lack of financial resources, too expensive



Sustainability 2018, 10, 4452 17 of 21

comparing to the energy source used now, the lack of knowledge and technical reasons as the reasons
for not installing RES. However, lack of knowledge and technical reasons are most important for
the T segment. The entire NT segment has not indicated that the reason for not installing RES is
financial inefficiency.

Table 11. Reasons for reluctance to being a prosumer.

T Segment NT Segment

High installation costs (20.6%) High installation costs (24.4%)
Complicated installation process (12.7%) Complicated installation process (17.1%)

Unclear legal regulations (12.7%) Unclear legal regulations (4.9%)
Lack of possibility (9.5%) Lack of possibility (12.2%)

Financially inefficient (7.9%) Financially inefficient (4.9%)
Lack of interest (6.3%) Lack of interest (9.8%)

Lack of knowledge (6.3%) Lack of knowledge (2.4%)
Lack of need (1.6%) Lack of need (2.4%)
Lack of time (3.2%) Lack of financial assets (2.4%)

Neighbors’ opinion (3.2%)

Table 12. Advantages of being a prosumer.

T Segment NT Segment

Lower charges, savings (12.7%) Lower charges, savings (9.8%)
Financial benefits (6.3%) Financial benefits (2.4%)

Own needs (1.6%) Own needs (7.3%)
Environmental benefits (1.6%) Environmental benefits (2.4%)

Financial and environmental benefits (1.6%)
Independence (3.2%)

Table 13. Disadvantages of being a prosumer.

T Segment NT Segment

Neighbors’ jealousy (14.3%) Neighbors’ jealousy (14.6%)
Financial costs (7.9%) Financial costs (2.4%)
Small subsidies (3.2%) Noise (2.4%)

Noise (1.6%)

Financial factors and the possibility of savings are the greatest incentives for setting up RES
installations and being a prosumer for all respondents. Regarding the reasons for being a prosumer,
no one in the NT segment has chosen possibilities of co-funding and influence of expert opinion,
conversely no one in the T segment has chosen favourable regulations.

Among the barriers to becoming a prosumer, all respondents pointed to high installation costs,
complicated installation process and the lack of technical possibility. Mostly the T segment indicated
such factors as unclear legal regulations, financial inefficient, the lack of knowledge and influence of
neighbors, what clearly distinguishes this segment from segment NT. Whereas mostly NT segment
indicate on the lack of interest and the lack of financial assets.

For both segments the biggest advantages of being a prosumer are lower charges, savings and
financial benefits. The environmental benefit is less important for both segments. People with a
technical education also pointed to independence as a prosumer (it should be understood as an increase
in energy security), non-technical people did not notice this aspect by choosing their motivations
as motivators, but they pointed to own needs (they want to become a prosumer to satisfy their
own needs).

Both segments pointed that the most important disadvantages of being a prosumer is neighbors’
jealousy. They distinguished neighbors’ jealousy as a disadvantage caused by being a prosumer (it was
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an open question). This fact suggests more conformity behaviors of the respondents. Only the T
segment pointed out small subsidies as disadvantage of being a prosumer. Additionally, financial costs
are the most important disadvantage for men with a technical education.

4.4. Characteristics of Prosumers

The most likely tendency to install RES is shown by households where a man of 30–49 years of
age with a technical education is a decision maker who has an apartment with a floor area of over
80 m2. Compared to the similar segment of men, but with a non-technical education, it is clear that
they are more likely to install energy-efficient equipment (see Figures 8 and 9) and they have higher
knowledge about the energy sector (see Figure 7), but do not display such large pro-savings behaviors
as men from the NT segment (see Table 7).

Characteristics of the two groups of potential prosumers according to abovementioned
segmentation are summarized in Table 14. To point the most important features for each segment, the
single answers were not taken to consideration in this table.

Table 14. Characteristic of separated segments.

Segment T

The main reason for installing RES is potential savings but the major reason for becoming a
prosumer is the possibility of extra earnings (including co-funding). Thus, it can be supposed that
these men are more entrepreneurial.

They take care of the environment but financial aspects are more important for them. They are
open-mined people and are interested in technical novelties.

The main barriers to installing RES and to becoming a prosumer are the lack of financial and
technical possibilities, complicated installation process, the lack of knowledge on the RES as well as
unclear legal regulations and financial inefficiency of small-scale generators installation.

The potential savings and lower charges are advantages of being a prosumer. An additional
advantage is energy independency, in case of black-out.

Neighbors’ jealousy is the main disadvantage and barrier to becoming a prosumer.

They have higher energy awareness and they are more likely to install energy-efficient equipment.

Segment NT

The main reason for RES installing is potential savings but the main reason for becoming a
prosumer are savings and the possibility of extra earnings.

Men indicate only on financial barriers to installing RES such as the lack of financial possibilities
and too expensive small-scale generators.

The main barriers to becoming a prosumer are: High installation costs, complicated installation
process, lack of possibility and interest.

The potential savings and lower charges are advantages of being a prosumer, such as energy
production for own needs, to ensure energy security.

The good neighbor relationships are important for them, thus they do not like to distinguish
themselves and to arouse envy.

They behave pro-ecologically.

5. Conclusions

This paper explored the profile of end users of renewable energy sources (RES) among Polish
households. Based on a literature review the main determinants of willingness to install small-scale
RES were identified. The determinants were analyzed using empirical analysis with data collected by
a survey among households in Poland. The significance of particular determinants were verified by
the results of logit models.

It has been shown that there are significant relationships between a household’s decisions about
the RES installation and explanatory variables: Sex, age, number of people in a household, type of
building, floor area, type of education, knowing energy tariff, sorting rubbish, washing or ironing
at particular times, switching off electrical equipment if nobody uses, using LEDs and installing
energy-saving home appliances. Extraordinary was that the logit model based on empirical data did
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not confirm a relationship between a household’s decisions about the RES installation and monthly
average net income, monthly expenditures on electricity and energy awareness variables (changing the
provider, having a smart meter).

The end user segments were identified on the basis of the following determinants: Sex, age, floor
area and technical or non-technical education. The characteristics of end user segments were created
using survey questions concerning behavior and attitude of the respondents such as: The reasons for
installing or not installing RES, factors that motivate to be of not to be a prosumer, the benefits and
disadvantages of being a prosumer.

The research results can be used, for example, in advertising campaigns where a positive impact
on the environment, good relationships with neighbors and long-term savings should be emphasized.
The technical and economic education actions could be dedicated to the NT segment. In turn, T segment
advertisements should point out good relationships with neighbors, and they should also refer to the
expertise of the men themselves in this segment as well as possibilities of additional earnings as a
prosumer. The advertisements and other promotional actions can refer to technical knowledge.

If local authorities endeavor to increase the share of small-scale RES regionally, the contribution
of households should not be neglected. Their acceptance and willingness to install RES is crucial in
increasing the share of RES installation. It is particularly important for a large part of Poland where
CO2 emissions have to be reduced. The research results could be used to formulate social campaigns
to overcome reluctance to install RES, prepare education trainings to overcome lack of knowledge
and to show good practices calculating financial efficiency, to develop a clear and effective subsidy
system, because financial and economic aspects are the most important for Polish society. Stable and
clear regulation is also needed.

Future Works: In some papers the authors pointed to a relationship between willingness to install RES and degree
of information on RES or difficulty of adoption. It will be interesting to verify significance of the variables by logit
model by means of empirical data collected for Polish households. Another hypothesis that could be verified
are relationship between willingness to install RES and type of heating system, source of hot water and area of
residence. Concerning criteria of segmentation in future works, we could include a cluster analysis to obtain
statistically correct segments. We could compare the results obtained by segmentation with results obtained
by clustering.
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