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Abstract: In Poland, domestic hot water is heated mainly using fossil fuel energy sources. Such an
approach results in the depletion of natural resources, pollution of the atmosphere and, consequently,
irreversible changes to the climate. In response to this problem, this research identified the factors
that most determine energy savings for heating water in residential buildings, as well as those that
affect the choice of an alternative energy source. Additionally, the possibility of implementing shower
heat exchangers in existing and newly built residential buildings was assessed, as well as society’s
willingness to use such devices. The research was carried out on a sample of 462 inhabitants of the
Podkarpackie Voivodeship (Poland). A questionnaire survey was used as a tool. The conducted
research has shown that the perspective of environmental protection is not a sufficient motivator
to save energy for heating domestic hot water. It is necessary to implement appropriate programs
aimed at informing the public about the possibilities offered by the use of alternative energy sources
and co-financing the purchase of appropriate devices. In the case of drain water heat recovery
systems, a significant problem is also the need to develop new, highly effective designs of shower
heat exchangers which can be installed under the floor linear shower drain or on the horizontal
shower waste pipe.

Keywords: Cramér’s V coefficient; drain water heat recovery; greywater heat recovery; heuristics;
measure of association; Podkarpackie Voivodeship; Poland; survey research

1. Introduction

All people, regardless of their origin, age or the environment in which they live, have
a number of needs, the satisfaction of which is burdensome for the environment [1]. Some
of them are constant and do not change over the years. Such needs include, among others,
potable water [2]. Domestic hot water makes up an important part of the potable water
used. Its heating is estimated to account for almost 20% of the average energy consumption
in a household [3]. The share of hot water heating in the balance of energy consumption
in a household may, however, be much higher and reach up to 30% [4]. In the case of
hotels, it can be up to 40% [5]. Consequently, the heating of hot water contributes to
significant emissions of carbon dioxide, methane, and other greenhouse gases into the
atmosphere [6,7].

The energy consumption for water heating and the negative environmental impact of
the system depends on many factors. These include climatic conditions [8]. The tempera-
ture of cold tap water changes throughout the year, which affects the energy demand [9].
The importance of the outside air temperature is also evident when using hot water
tanks [10], especially if these devices are located in utility rooms or garages. In the winter
season, the amount of hot water consumed is also increased [11]. Moreover, the amount of
energy used for heating hot water is influenced by the type of device used and its energy
efficiency [12]. The type of building [13], the preferences of system users with regard to
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the temperature of the water used [14], the number of users [15] and their environmental
awareness [16] should also be considered important issues. The costs of water heating [17]
and the use of a heat recovery system [18,19] are also important.

However, regardless of the current level of energy consumption in a building, it is
everyone’s responsibility to search for alternative solutions that will improve the condition
of the atmospheric air and at least slightly contribute to limiting climate change. Limiting
the consumption of traditional fuels, mainly coal, will also be helpful in the fight against
smog [20]. It is important not only for the sake of the environment, but also for the
protection of human health [21]. Zimmermann et al. [22] additionally indicate that less
centralized systems are more flexible and, as a result, adapt better to changing conditions.
This is another incentive for the implementation of sustainable water heating systems
within individual residential buildings. One of the main ways to reduce the consumption
of fossil fuels is the increase in the use of renewable energy sources, which have long
played an important role in the energy systems of the European Union [23]. In addition
to sources that are used to heat domestic hot water, such as solar energy [24] or ground
energy [25], attention should be paid to a third generation renewable energy source, which
is warm wastewater [26]. Especially since energy is not the only valuable resource that
can be recovered from wastewater, its use may also enable sustainable consumption of
drinking water and the production of fertilizers [27,28].

Greywater is especially valuable. The heat it carries is available all year round, and the
potential for its use for heating hot water, unlike other renewable energy sources, increases
in winter, when the cold water temperature is lowest and heating it requires the most energy.
In the case of residential buildings, energy from greywater is recovered mainly by means
of shower heat exchangers [5,29,30]. However, studies show that the heat source may also
be the greywater discharged from other household appliances [31-33]. The process of
heat recovery from wastewater can also be carried out in commercial kitchens [34] and
sport facilities [35]. There are also examples of using wastewater as a lower energy source
for heat pumps. The heat pump can then take heat only from wastewater [36] or use
more heat sources [37]. The presented examples prove that the use of wastewater heat
recovery systems in internal installations of buildings is technically justified. It should be
noted, however, that heat pumps are mostly used in larger facilities, such as hotels [38]
or hospitals [39]. Systems of this type can also be used within the wastewater collection
system [40]. This is due to the fact that the coefficient of performance of the heat pump
increases with the increase of the bath water flow rate [41]. In the case of individual
residential buildings, the application of shower heat exchangers seems to be the only
rational solution to reduce the consumption of fossil fuels and CO, emissions. This is
particularly important as water heating for bathing can account for up to 60% of the total
CO; emissions from residential water supply systems [42]. In the case of Poland, however,
the lack of knowledge about the possibility of using this valuable resource remains a
problem, as a result of which the heat energy carried by wastewater is usually irretrievably
lost. The scarcity of shower heat exchangers in the local market is also a problem. Another
significant factor is the too long period of return on investment, which in many cases
exceeds the technical life of the device [43]. This is mainly due to the lack of promotion and
funding of such solutions, both at the national and regional levels. Despite the fact that the
financing of renewable energy sources in Poland has a smaller and smaller impact on the
level of sustainable development [44], it should be remembered that the lack of financing
pro-ecological installations may constitute a significant barrier to their implementation [45].
Therefore, it should be assumed that the implementation of heat recovery systems from
wastewater will not be possible without the introduction of appropriate incentives and
motivators, being a response to the real needs and preferences of residents. It is also
necessary to recognize the energy-saving behaviors and awareness of installation users,
as these factors may affect energy saving [46], and so far they have not been recognized
in Poland. It is important to recognize which factors have the greatest impact on the
propensity of society to save energy and to use alternative energy sources. So far, the
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attitude of society towards drain water heat recovery systems and their opinion on shower
heat exchangers has not been recognized. The available literature lacks key information on
the applicability of a given type of drain water heat recovery units in various buildings. It
is also necessary to recognize the level of knowledge of the region’s inhabitants in the field
of drain water heat recovery systems.

Considering the above, the research attempted to identify the factors that determine
the saving of energy used for heating water in residential buildings and the choice of an
alternative energy source. Additionally, the article contributes to the current literature by
assessing the possibility of using shower heat exchangers and the tendency of society to use
such devices in residential buildings. In order to understand the situation, limitations and
challenges, as well as to indicate solutions allowing for the increase in the use of shower
water heat recovery systems, a survey was conducted on a sample of 462 inhabitants of
the Podkarpackie Voivodeship. This region was selected as the subject of research because
it is at the forefront of Polish regions in terms of the integrated measure of sustainable
development in the area of environmental order [44]. The heuristics of average users of do-
mestic hot water installations, being a procedure of unconscious, simplified inference [47],
allowed for a relatively quick assessment of the situation and indication of an appropriate
strategy in terms of increasing the possibilities of implementing shower water heat recovery
systems.

The remainder of this paper is structured as follows. The next section describes the
case study and the methodology of the research. Section 3 presents the results of the
questionnaire surveys and their interpretation. The last section indicates the main findings
of the research and the directions for further research.

2. Materials and Methods
2.1. Case Study

The research was conducted among the inhabitants of the Podkarpackie Voivodeship,
which is located in the south-eastern part of Poland (Figure 1). This region covers an
area of 17 846 km?, which is 5.7% of the country’s area. It is inhabited by 2.13 million
people, of which almost 60% are rural residents [48]. The median age of people living in the
studied region is 38.9 and 41.9 years, for men and women, respectively [48]. The research,
the results of which are presented in the article, were conducted among people aged 18
and over. The required number of people in the sample was estimated based on the total
number of inhabitants of the Podkarpackie Voivodeship with the established confidence
level o = 95%. The population proportion was set at 0.5 and the margin of error-5%. The
designated required sample size is 384 people. The research was carried out on a group of
462 people. All data was collected anonymously.

For several years, the Podkarpackie Voivodeship has been in the top three Polish
regions in terms of the integrated measure of sustainable development in the area of
environmental order, which was already mentioned in the introduction. However, it
should be emphasized that this is mainly due to the low level of sustainable development
in other regions of the country [44]. The data presented in [49] show that the share of
energy from renewable sources in the national energy consumption in the household sector
is on average 17.5% in the European Union, while in Poland it is only 13.7%. The same
report [49] shows that the Podkarpackie Voivodeship is one of the regions characterized
by a very unfavorable value of the energy poverty index, determined by the “High Costs,
Low Income” method (13.31% with the national average of 9.4%), and by a relatively high
indicator determined by the double median method (17.79% with the national average of
17.2%). Despite the fact that the values of these indicators have been gradually decreasing
in recent years, they are still at a relatively high level in relation to the entire European
Union [50]. It should also be emphasized that the average monthly gross salaries in the
Podkarpackie Voivodeship are definitely lower than in other regions of Poland [48], while
the unemployment rate reaches 8.5% [51]. In the enterprise sector, the average wages and
salaries in the region slightly exceed 1000 EUR [51]. The data presented in [52] additionally
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show that the average monthly available income per capita is more than 17% lower than
the national average and amounts to less than 350 EUR. As a consequence, the per capita
expenditures of households are also the lowest in the country, amounting to around
200 EUR [52]. This problem is further exacerbated by the high energy prices, which in the
case of electricity are around 0.16 EUR/kWHh. All this means that the expenses for housing,
water electricity, gas and other fuels account for almost 19% of all expenses incurred by
a statistical citizen in a household [52]. This provides an additional incentive to promote
the wide use of renewable energy. The program for the development of renewable energy
sources [53], which is in force in the Podkarpackie Voivodeship, describes the potential
of various sources and indicates the possibility of their use in various economic sectors.
However, there is no mention of energy recovery from wastewater. There are no programs
in the voivodeship, as well as the whole country, aimed at promoting and financing the
purchase and installation of shower heat exchangers.

EUROPE

PODKARPACKIE
VOIVODESHIP

Figure 1. Location of the Podkarpackie Voivodeship on the map of Europe.

2.2. Survey Research

The identification of factors determining the saving of energy used for heating domes-
tic hot water in residential buildings and influencing the choice of an alternative energy
source, as well as the assessment of the possibility of implementing shower heat exchang-
ers in such facilities, was possible thanks to the use of surveys. This method was chosen
because it is flexible and can be used in a population of any size [54]. Thanks to this,
questionnaire surveys have considerable statistical power, and their conduct allows for
the collection of a large amount of information [55]. Surveys are widely used in various
fields of the economy. They are also used when assessing the preferences of residents in
terms of pro-ecological solutions related to energy. For example, Iliopoulos et al. [56] used
the surveys to analyze the readiness of Japanese households to adopt demand respons
programs. Gaspari et al. [57] conducted a survey that combined people’s energy awareness
and motivation, as well as their interactions with metering devices, into a coherent frame-
work. Kim and Nam [58] modeled household investments in energy efficiency with time,
risk and social preferences.

The successive stages of the research are presented in Figure 2. First, the state of the
art in the field of domestic hot water heating systems used in Poland was analyzed and
synthesized. For this purpose, a literature review was carried out and a number of inter-
views were conducted with both ordinary users of installations and persons professionally
involved in plumbing installations. On this basis, a preliminary draft questionnaire was
prepared, which was then tested, adjusted and validated by a team of experts. The result
of the revision and the introduced improvements was the development of a questionnaire
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(Appendix A, Table A1), which was used in the research conducted in 2020-2021. The
questionnaire was written and made available in Polish. It was divided into four parts,
the first of which was aimed at general characteristics of the respondents. It included
questions about age, gender, place of residence, education, type of residential building,
energy sources used and the assessment of the hot water heating system.

et |

:Research Objectives,

Figure 2. Research plan.

Subsequently, the preferences of the inhabitants of the Podkarpackie Voivodeship
regarding the impact of various parameters on saving energy for hot water heating were
checked. In the third part, these questions were detailed and related to the issue of
choosing an alternative energy source. The last part dealt with the characteristics of the
shower installation and the use of shower heat exchangers. The questions used a 5-point
Likert scale, whereby the answers “definitely yes/good /high” scored “5” and “definitely
no/poorly/low”-scored “1”. A score of “3” corresponded to the answer “no opinion”,
which indicates a neutral attitude of the respondent to the question (neither yes/good /high
nor no/poorly/low). This allowed for the determination of the mean (M), median (Me)
and standard deviation (SD). In both cases, the confidence intervals (CI) were additionally
determined with the assumed probability of 95%. All values were determined using the
Statistica software. For the mean (M) and median (Me), a score equal to or close to “3”
may be interpreted as an index of intermediate feelings. This is especially true for those
questions where a relatively small number of “no opinion” responses were obtained.

The Pearson’s chi-squared test was also performed using the Statistica software. Based
on the obtained values of x2, the Cramér’s V (Cramér’s @) coefficients were determined.
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This made it possible to determine the level of association between the studied variables.
The Cramér’s V coefficient is determined when at least one of the two compared variables
takes more than two values. Its value ranges from 0 to 1, and the closer the resultis to 1,
the stronger the association between the examined variables. On the basis of [59], it can be
concluded that 0.1 is the minimum threshold suggesting the existence of an association
between two variables, and with values in the range 0.1-0.3 there is a low association.
Values of 0.3-0.5 indicate moderate association, and when the Cramér’s V coefficient is
greater than 0.5, there is a high association. The Cramér’s V coefficient can be determined
based on Equation (1) [59].

_ X2
V= \/n~min(k—l, r—1)’ @

where: x2—the result of the chi-square test, n—number of observations, k—number of
columns in the contingency table, —number of rows in the contingency table.

As many as 137 questionnaires were conducted using the personal method. Per-
sonal method of data collection is time-consuming, but allows to achieve higher response
rates [55]. Direct contact with the respondents also allows them to ask additional questions.
The answers obtained in this way were digitized. Due to the COVID-19 pandemic, the
continuation of the research required a change in the adopted research method and the
development of an online questionnaire. This questionnaire familiarized potential respon-
dents with the most important information about shower heat exchangers and the basic
diagrams of this type of installation. The respondents were familiarized with systems in
which heat from the shower drain water is recovered by means of a vertical heat exchanger
and by means of a heat exchanger located under the floor shower drain or on the horizontal
shower waste pipe. The presentation of the main elements of the heat recovery system
in the diagrams made it possible to make the respondents aware of the requirements
regarding the availability of space for the installation of various types of heat exchangers.
Attention was also paid to the scope of required installation works and possible ways of
leading preheated water lines depending on the type of the main source of hot water in the
building. It was emphasized that the costs of assembly, and in the case of existing buildings,
also changes in the finishing of the bathroom or other room with a shower, constitute a
significant part of the capital expenditure to be incurred to implement the drain water heat
recovery system. The respondents were also informed about the purchase costs of shower
heat exchangers, their effectiveness and the factors determining the expected payback
period. In this way, responses from 325 people were received. The results obtained using
both methods were included in the analysis jointly.

2.3. Shower Heat Exchangers

The last part of the questionnaire concerns the characteristics of the shower installation
and the use of shower heat exchangers. These are devices whose task is to transfer the
waste heat deposited in the shower drain water to the tap water flowing into the shower
system [60]. Depending on the method of conducting installations and the availability of
space for the installation of a heat recovery system, vertical and horizontal heat exchangers
as well as devices installed under the floor shower drain can be used [61]. The water
preheated in the heat exchanger can be led to the domestic hot water heater and/or directly
to the shower mixing valve [62].

The use of energy that is usually irretrievably lost saves fossil fuel resources and
reduces greenhouse gas emissions. These devices operate virtually maintenance-free
and do not affect the feeling of shower users. Moreover, the operation of shower heat
exchangers does not require external energy supply, therefore they do not cause additional
CO, emissions during operation.

The cost of purchasing such a device can vary widely. Mazhar et al. [63] indicate, that in
a case of the most popular highly efficient vertical heat exchangers, it can exceed 1000 EUR.
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However, there are models available on the world market, the cost of which amounts
to several hundred euros. In the case of plate heat exchangers, the price of the device is
typically 350-2300 EUR [63]. There are also known designs of shower heat exchangers,
installed on the horizontal shower waste pipe, which cost no more than 100 EUR [9].
However, their efficiency is definitely lower than that of vertical heat exchangers. The
efficiency of the vertical heat exchanger can be as high as 30 to 60%, while the efficiency
of some horizontal heat exchangers does not exceed a dozen or so percent [9]. Due to
the need to install heat exchangers below the shower drain and the considerable length
of the vertical units, in some cases, however, installation of such a heat exchanger may
not be feasible, especially in existing buildings. The expenditures also include the cost
of assembly and modification of the existing plumbing installation, the amount of which
depends on the distance of the domestic hot water heater from the heat exchanger and
the method of conducting internal installations in the building. In the case of existing
buildings, an additional increase in expenditure results also from the need to dismantle
and reconstruct wall and floor elements (Table 1). The average payback period in the case
of using a shower heat exchanger is from a few to several years, and depends, apart from
total capital expenditures, on the amount of water used, device efficiency and energy costs.
In the case of gas water heaters, it may elongate [43].

Table 1. The average expenditures to be incurred for the implementation of shower heat exchangers in Polish conditions.

The Amount of Expenditure

Type of Expenditure Horizontal Shower Heat Exchanger Vertical Shower Heat Exchanger
€ €
Existing buildings
Dismantling of wall and floor elements 30-70 30-200
Modification of existing plumbing installation 100-250 200-500
Purchase of shower heat exchanger 100-800 500-1600
Reconstruction of wall and floor elements 120-280 120-1100
Total expenditure 350-1400 850-3400

Newly designed buildings

Dismantling of wall and floor elements - -

Modification of the design of plumbing

. . 50-200 150-450
installation
Purchase of shower heat exchanger 100-800 900-1600
Reconstruction of wall and floor elements - -
Total expenditure 150-1000 1050-2050

Theoretically, all models of shower heat exchangers can be installed in any way.
However, in practice, in exchangers installed under the floor shower drain or on the
horizontal shower waste pipe, due to their location directly below the shower, water is
usually heated, which then flows to the tap (Figure 3). In other cases, the devices are
located in a separate room, for example in a basement or a technical room on the lower
floor, which makes the other two possible solutions more cost-effective, which involve
supplying pre-heated water to the domestic hot water heater (Figure 4).



Energies 2021, 14, 5547

8 of 30

MIXING
VALVE

COLD WATER

MIXING

WASTE STACK
WASTE STACK

COLD WATER

DRAIN WATER DRAIN WATER

(@) (b)

Figure 3. Installation example of a heat exchanger mounted under the floor shower drain: (a) Installation without a shower

heat exchanger; (b) Installation with a shower heat exchanger (DHW—domestic hot water).
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Figure 4. Installation example of a vertical heat exchanger: (a) Installation without a shower heat exchanger; (b) Installation

with a shower heat exchanger (DHW—domestic hot water).

Savings resulting from the use of a shower heat exchanger depend on the amount of
water used for a shower, the efficiency of the heat exchanger with the given conditions of
water and drain water flow through this device and the temperatures of both media. Table 2
summarizes the energy savings resulting from the use of a shower heat exchanger, which
were determined on the basis of the authors’ calculation model, described in detail in [64].
Financial savings were calculated assuming energy prices for Rzeszow (Podkarpackie
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Voivodeship, Poland). In the case of electricity it is 0.75 PLN/kWh (~0.16 EUR/kWh), in
the case of natural gas—0.25 PLN/kWh (~0.05 EUR/kWh). The calculations assume temper-
atures that are commonly adopted in Polish conditions for dimensioning internal plumbing
systems: cold water temperature T, = 10 °C, mixed water temperature Ty, = 40 °C, hot
water temperature T}, = 55 °C. The temperature of drain water discharged from the shower
is in this case Ty, = 38 °C. The efficiency of the hot water heater was assumed at the level
of 7 = 95%. It has been assumed that the preheated water will be supplied to both the hot
water heater and the shower’s mixing valve. The selected variant of the installation of the
shower heat exchanger is the most advantageous solution in terms of the amount of energy
recovered from drain water [64]. The water consumption for showering was assumed at
35 L per person per day [65]. The results of the calculations show that the efficiency of the
heat exchanger and the amount of water used have a key impact on the amount of energy
recovered from drain water, and consequently also on the reduction of greenhouse gas
emissions. While it is not advisable to increase the amount of water used, increasing the
efficiency of heat exchangers is desirable from the point of view of both the consumers and
the environmental protection.

Table 2. The effects of using a shower heat exchanger in a single-family building (SHE—shower heat exchanger, GWH—gas
water heater, EWH—electric water heater).

Water Consumption Efficiency Annual Energy Annual Financial Saving  Annual Reduction of CO;, Emissions
for Showering of the SHE Savings GWH EWH GWH EWH

L Per Day % kWh € € kg kg
20 88 4 14 17 63

30 131 7 21 26 94

35 40 175 9 28 35 126
50 219 11 35 44 157

60 262 13 42 52 188

20 175 9 28 35 126

30 263 13 42 52 189

70 40 350 17 56 70 252
50 437 22 70 87 314

60 524 26 84 104 377

20 263 13 42 52 189

30 394 20 63 79 283

105 40 525 26 84 105 377
50 656 33 105 131 472

60 786 39 126 157 565

20 350 18 56 70 252

30 525 26 84 105 378

140 40 700 35 112 139 503
50 874 44 140 174 629

60 1048 52 168 209 753

20 438 22 70 87 315

30 657 33 105 131 472

175 40 875 44 140 174 629
50 1093 55 175 218 786

60 1310 65 210 261 942

20 526 26 84 105 378

30 788 39 126 157 567

210 40 1050 52 168 209 755
50 1312 66 210 261 943

60 1572 79 251 313 1130
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The amount of saved energy determines the reduction of greenhouse gas emissions to
the atmosphere. Table 2 and Figure 5 show the annual reduction in carbon dioxide (CO,)
emissions depending on the energy savings for showering in households. The emission
factor for end users of electricity is based on [66]. It amounts to 719 kg/MWHh. In the case of
natural gas, the data presented in [67] were used, according to which the emission factor for
this fuel is less than 200 kg/MWHh. The reduction of emissions from individual residential
buildings is not significant. However, if shower heat exchangers were installed in more
buildings, the environmental benefits would be noticeable. The presented calculation
results also show that the use of shower heat exchangers is particularly advantageous
when domestic hot water is heated with an electric water heater. This is due to the fact that
electricity in Poland is mainly produced from coal.

8000

7000 Gas Water Heater

Electric Water Heater

n, kg

- 6000

w » ()
o o o
o o o
o o o

2000

CO, emission reductio

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10,000
Energy savings, kWh

Figure 5. CO; emission reduction resulting from the installation of shower heat exchangers.

3. Results and Discussion
3.1. Demographics & Households Characteristics

In the first part of the survey, concerning demographics & households characteristics,
respondents were asked about their age, gender, place of residence, type of residential
building and education, as well as the type of hot water heating system used. The results
are summarized in Figure 6. They show that the majority of the respondents were young
people, as approximately 65% of the respondents were under 40 years of age. It should be
noted, however, that it is people at a young age who will build houses in the future and
it is in their hands to increase the degree of implementation of shower heat exchangers.
The answers provided by the respondents also show that slightly more women than men
(54.5%) took part in the survey, which roughly corresponds to the demographic structure
of the Podkarpackie Voivodeship. The data presented in [48] show that women constitute
on average about 51% of the inhabitants of the voivodeship. In some regions, however,
this share is definitely higher. The data presented in the “Statistical Atlas of Podkarpackie
Voivodeship” [48] also show that almost 59% of the population lives in villages. In the
case of respondents participating in the survey, it was approx. 60%. About 80% of the
respondents declared that they lived in a single-family or terraced house, which creates a
wide range of applications for individual wastewater heat recovery systems. About 19%
of the respondents stated that they had a master’s degree, and around 20% a bachelor’s
degree. The remaining persons declared that they completed their education at a lower
level.
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Age Gender
53 mFemale Pla.'ce
answers m18-30 of residence
= Male
m30-40 m City/town
80 40-50 Not listed -
answers mVillage
50-60 Prefer not
m>60 to answer
(b) (c)
60 Education
Residential house answers B Master's
degree )
m Single-family mBachelor's
or terraced ﬁl?gge;hool
B Multi-family 2
multi-storey 223 Professional
answers certification
(d) (e)

Additional device
for heating water

m Device that uses fossil
energy sources

The main source
of domestic hot water

m District heating system

m Solar panels
B Gas water heater
Electric water heater Heat pump
Gas boiler Biomass boiler
B Solid fuel boiler m Shower heat exchanger
131
answers Other Other renewable energy
source device
INo device
() (8)

Figure 6. Characteristics of the respondents and their water heating systems: (a) Age; (b) Gender; (c) Place of residence;
(d) Residential house; (e) Education; (f) The main source of domestic hot water; (g) Additional device for heating water.

The analysis of domestic hot water heating systems has shown that the inhabitants
of the Podkarpackie Voivodeship rely mainly on fossil energy sources. Over 32% of the
respondents heat their water with the help of solid fuel boiler, and about 28%—gas boiler.
The third place in the ranking was taken by gas water heater with a share of less than 15%.
The district heating system came in fourth. This is due to the fact that villagers are forced to
heat water with individual heat sources due to the lack of heating networks in the vicinity
of their place of residence. Furthermore, in the case of urban areas, a connection to the
heating network is in many cases not technically and financially justified. The results differ
significantly from those published by Statistics Poland for the whole country [49]. These
differences most probably result from the fact that the majority of the inhabitants of the
Podkarpackie Voivodeship are people living in rural areas, while the country’s share of
rural residents is only 40% [68]. The research also showed that electric water heaters are
used by less than 6% of the respondents. This result should be considered unfavorable from
the point of view of implementing shower heat exchangers. The conducted research [43,69]
shows that the use of wastewater heat recovery systems is particularly profitable when
domestic hot water is heated with an electrically powered device. In the case of hot water
heaters, it is also possible to supply preheated water to both the shower mixing valve
and the heater, which is the most cost-effective solution. In the case of other options, e.g.,
solid fuel boilers or district heating systems, the only rational solution seems to be heat
recovery for the purpose of heating the water supplied only to the shower mixing valve.
However, the use of such a solution results in a reduction of the amount of recovered
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energy as compared to the situation when the entire water used in the shower installation
is preheated in the heat exchanger [70].

The conducted research also showed that over 60% of respondents have an additional
device dedicated to heating hot water in the building. Over 80% of them are devices that
use renewable energy sources, which can be considered a satisfactory result. In most cases,
these are solar collectors. Over 45% of the respondents admitted having them. Such a large
number of systems dedicated to the use of solar energy is probably the result of programs
co-financing the purchase of these devices. These programs have been implemented in
recent years both in the country and in the Podkarpackie Voivodeship. However, none
of the respondents indicated a shower heat exchanger as an additional device for heating
water. Therefore, it can be concluded that these systems are not popular among the
inhabitants of the region.

In the first part of the survey, the respondents also expressed their opinion on domestic
hot water heating systems. On the basis of the obtained answers (Figure 7) it can be
concluded that approximately 90% of the inhabitants assess their domestic hot water
heating system positively (Q8). Only 4.5% of the respondents chose the answer “rather
poorly”, and none of them assessed the exploited system definitely poorly. The vast
majority of users do not experience any inconvenience associated with the domestic hot
water heating system (Q10). A high degree of satisfaction with the systems currently used
may, therefore, be the reason for the lack of willingness to look for alternative solutions.
The situation is different for the costs of hot water heating incurred by the users (Q9). Only
32% of the respondents admitted that their energy bills for heating hot water are acceptable
for them, while the answer “definitely yes” was indicated by only 20% of them. Therefore,
an opportunity for shower heat exchangers implementation should be seen in the reduction
of hot water heating costs, especially since only a small part of the respondents (24%) see a
problem with access to fossil fuels (Q11).

25\
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Figure 7. Evaluation of domestic hot water heating systems (M—average, SD—standard deviation,
CI—confidence interval; questions numbers (Q) according to the Appendix A): (a) question Q8;
(b) question Q9; (c) question Q10; (d) question Q11.

3.2. Factors Determining Energy Saving for Water Heating

In the next part of the survey, the respondents assessed the factors determining energy
saving for water heating. The results are presented in Figure 8. It shows that all factors
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were considered by the respondents as important from the point of view of energy saving.
In each case, over 60% of the respondents indicated the answer “definitely yes” or “rather
yes”, and the median answer (Me) was “4”. In the opinion of the respondents, however, the
most important factor is the increase in the comfort and safety of using the installation (Q15).
Over 90% of the respondents admitted that it could contribute to saving energy for heating
domestic hot water in residential buildings. A slightly lower share of affirmative responses
(89%) was obtained in the question regarding technical issues related to the installation and
use of the system and the availability of an energy source (Q16). In both cases, the mean
of the answers (M) exceeded 4. It should also be noted that in the case of questions Q15
and Q16, the answers were the least differentiated (SD < 0.7). Considering the above, it
can be expected that drain water heat recovery systems have wide application possibilities.
Heat from greywater is available all year round, also in winter, when the possibilities
of obtaining other renewable energy sources are limited. Additionally, increasing the
temperature of the water supplied to the hot water heater would increase the efficiency
of the device and the comfort of using the installation provided with a tankless hot water
heater.
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(CI=358-380) (C/=363-384) (CI=380-398) (C/=430-443) (CI=4.17-4.30)
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Figure 8. Assessment of factors determining energy saving for heating water in residential buildings (M—average, SD—

standard deviation, CI—confidence interval; questions numbers (Q) according to the Appendix A).

Over 85% of the respondents declared that the introduction of legal regulations
imposing energy saving and reduction of greenhouse gas emissions (Q14) would be a
motivating factor to save energy for heating domestic hot water. Considering that energy
consumption in Poland is mostly based on fossil energy sources, which results in a high
environmental effect and an increase in social costs related to excessive CO, emissions [71],
the legislator should think about this possibility. However, it is important to consider the
need to recover heat from wastewater in the regulations being developed. The “Energy
Policy of Poland until 2040” [72], which was adopted this year, emphasizes the need to use
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renewable energy sources, but does not include greywater or other types of wastewater
among these sources.

The least important factor was the possibility of protecting the environment and
natural resources (Q12). The mean response (M) in this case was only 3.69, and the
obtained responses were highly diversified (SD = 1.17). This confirms that the mere
prospect of improving the condition of the natural environment is not a sufficient argument
to encourage users to save energy. In order to increase the implementation of sustainable
systems, it is necessary to introduce appropriate incentives and motivators. A slightly
higher result (M = 3.73) was obtained by the factor relating to economic benefits (Q13).
Additionally, in this case, the responses were significantly differentiated, which probably
results from the differentiation of income of individual households. The share of people
who did not consider economic benefits to be significant, however, is similar to the share
of respondents for whom the energy bills for heating water are acceptable. It should also
be noted that only 20 respondents stated that the economic benefits would definitely not
encourage them to save energy for heating domestic hot water, which is only 4% of all
respondents.

3.3. Factors Influencing the Choice of an Alternative Energy Source

In line with the research methodology described in Section 2.2, the issues described in
Section 3.2 were detailed in the next part of the questionnaire and related to the selection
of an alternative energy source. The obtained results are shown in Figures 9-13.
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Figure 9. Assessment of environmental factors influencing the choice of an alternative energy source for heating water in

residential buildings (M—average, SD—standard deviation, CI—confidence interval; questions numbers (Q) according to

the Appendix A).

As in the case of factors determining energy saving for water heating, the respondents
considered the least important factors related to the protection of the environment and
natural resources (Q17 and Q18). Although most of them admitted that they would have
an impact on the choice of an alternative energy source, the answer “definitely yes” was
marked in both cases by less than 30% of the respondents (Figure 9). It should also be
noted that the respondents rated the need to conserve natural resources slightly higher
(Q18) than the possibility of reducing greenhouse gas emissions (Q17). This confirms
that environmental issues are not the main determinant of the choice of energy source for
domestic hot water heating in Poland. It is therefore necessary to promote a sustainable
lifestyle among the youngest generations. Appropriate education could contribute to a
change in the perception of the issue of environmental protection in the coming years.

As part of the research, economic issues were also analyzed, and the results are
summarized in Figure 10. Contrary to the results obtained in the previous part of the
questionnaire (Section 3.2), in this case, the respondents considered economic issues to be
very important, and the answers were not very diverse (SD < 0.83). It can therefore be
concluded that if the user is already determined to save energy, the financial issues will
have a decisive influence on the choice of a specific energy source. The most important
aspect was the possibility of obtaining financing for the purchase of the system (Q23). Over
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93% of the respondents declared that this factor would have an impact on the choice of a
specific system, and approximately 64% chose the option “definitely yes”. It is therefore
necessary to implement programs dedicated to promoting and co-financing the purchase
of shower heat exchangers. Although many programs are currently being implemented in
the country to finance pro-ecological installations, none of them covers the purchase of this
device. It is obvious, therefore, that the inhabitants of both the Podkarpackie Voivodeship
and the whole country will choose a solution, the purchase of which will be at least partially
financed by other institutions. An example can be solar collectors, the possession of which
is declared by almost 46% of the respondents. Providing an appropriate source of financing
for the purchase of shower heat exchangers would certainly increase the interest in using
these devices.
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Figure 10. Assessment of economic factors influencing the choice of an alternative energy source for heating water in

residential buildings (M—average, SD—standard deviation, CI—confidence interval; questions numbers (Q) according to

the Appendix A).

The respondents considered the cost of purchasing and assembling the device to
be equally important (Q19), giving it an average rating of M = 4.45. As in the case of
question Q23, the median answer (Me) was 5. Therefore, it is important to develop new
designs of shower heat exchangers, the price of which will be adequate to the budget
of an average household. The devices that are currently available on the Polish market
are characterized by a relatively high price and, at the same time, low efficiency, which
certainly discourages potential users from purchasing them. Factors relating to the unit
costs of water heating (Q20), the costs of maintenance and possible repair of the system
(Q21) and the expected service life of the system (Q22) were also considered important
from the point of view of the selection of the energy source for domestic hot water heating.
Therefore, the designed devices should not only be relatively cheap, but also have high
efficiency, durability and resistance to contaminants present in greywater. The data of the
Patent Office of the Republic of Poland [73] show that in recent years a number of heat
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exchangers dedicated to heat recovery from greywater have been patented in the country,
but these solutions have not been commercialized. This is mainly due to the lack of public
interest in wastewater heat recovery systems. Once again, therefore, it is necessary to
emphasize the need to promote the idea of recovering waste heat deposited in greywater
for domestic hot water heating.

Legal issues (Figure 11) were rated only slightly higher than environmental issues.
They therefore do not have a decisive influence on the choice of an energy source for
heating water. However, it should be noted that both in the case of regulations relating to
the use of a specific energy source (Q24) and those related to the need to reduce greenhouse
gas emissions (Q25), less than 10% of the respondents indicated that these issues will not
be considered. The answer “definitely no” was chosen by less than 5% of the respondents.
Therefore, it can be assumed that the introduction of appropriate legal regulations could
also contribute to an increase in the implementation of shower heat exchangers.
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Figure 11. Assessment of legal factors influencing the choice of an alternative energy source for heating water in residen-
tial buildings (M—average, SD—standard deviation, CI—confidence interval, questions numbers (Q) according to the

The factors presented in Figure 12 were also assessed relatively high. Almost 90%
of the respondents admitted that both the expected increase in the comfort of use of the
installation (Q26) and hygiene issues (Q27) would have an impact on the choice of an
alternative energy source for heating water. None of the respondents chose the answer
“definitely no”, and only 6% and 8% of the respondents chose the answer “rather no” for
questions Q26 and Q27, respectively. While the use of shower heat exchangers will certainly
not improve the protection of the installation against the growth of Legionella bacteria,
reducing the temperature difference between the water supplied to the water heater and
domestic hot water could improve the efficiency of this device. As a result, the comfort of
using the installation would be improved, especially if the tankless hot water heater would
be an energy source for a group of sanitary devices from which hot water could be drawn
simultaneously.
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Figure 12. Assessment of social and hygienic factors influencing the choice of an alternative energy source for heating water

in residential buildings (M—average, SD—standard deviation, CI—confidence interval; questions numbers (Q) according to

the Appendix A).
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In the opinion of the respondents, operational and technical issues also had a signifi-
cant impact on the choice of an alternative energy source for heating water, as shown in
Figure 13. In each case, the median of responses was Me = 4. The highest average score
(M = 4.33) was obtained by factors relating to the availability of information on individual
systems (Q28) and the issue of the availability of a given energy source throughout the
year (Q29). As already mentioned in Section 3.2, unlike second generation renewables (e.g.,
solar energy), energy from shower drain water is available all year round. The greatest
amounts of energy can be recovered from greywater in winter, when the temperature of the
cold tap water is the lowest. Then also the energy demand for heating water is the greatest.
Greywater heat recovery systems are therefore characterized by a significant application
potential, which currently remains unused. The reasons for this phenomenon are the lack
of access to information on shower heat exchangers. This is important because in the case
of question 28, none of the respondents declared that access to information has no impact
on the choice of an alternative energy source for hot water heating. Therefore, it can be
expected that the continuation of the current approach of pro-ecological organizations and
local authorities to the issue of wastewater heat recovery will constitute a significant barrier
to their implementation in households and other buildings.
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Figure 13. Assessment of operational and technical factors influencing the choice of an alternative energy source for heating

water in residential buildings (M—average, SD—standard deviation, CI—confidence interval; questions numbers (Q)

according to the Appendix A).

A relatively high average score (M = 4.13-4.20) was also obtained by other questions,
which were included in Figure 13. Over 80% of the respondents admitted that the possibility
of using a given energy source together with other alternative energy sources would
contribute to its use for heating water (Q30). This is also where the opportunity for
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wastewater heat recovery systems should be seen. There are examples of using drain water
heat recovery units together with solar collectors [74]. These exchangers can also cooperate
with a heat pump [75], and as is commonly known, heat pumps can collect energy from
many sources.

A similar number of respondents admitted that when selecting an alternative energy
source for water heating, they would take into account technical considerations related
to the installation of the system (Q31). Considering that the installation of the shower
heat exchanger in many cases requires a significant modification of the existing plumbing
system, it should be assumed that greater application possibilities of these devices occur in
newly built facilities. Only in 2020, over 200,000 dwellings were commissioned for use in
Poland, of which approximately 10,000 in the Podkarpackie Voivodeship [76]. If shower
heat exchangers were installed in every such building, it would save significant amounts
of fossil fuels and reduce greenhouse gas emissions to the atmosphere. Research [77]
shows that the use of a wastewater heat recovery system allows to reduce the emission of
harmful substances by up to several dozen percent. Assuming that each such dwelling is
inhabited by two people, the efficiency of the heat exchanger is 40%, water consumption for
showering is on average 35 L per person per day, cold, mixed and hot water temperatures
are respectively 10 °C, 40 °C and 55 °C, and the preheated water is supplied to both the
hot water heater and the shower mixing valve, only in the Podkarpacie region it would be
possible to save about 3.5 GWh of energy per year. The increase in the number of users of
the shower installation and the use of heat exchangers with higher efficiency would result
in an increase in the achieved energy savings. There are also other buildings from which
large amounts of warm drain water are discharged, such as hotels or sports facilities.

The respondents also attached high importance to the factor regarding technical
issues related to the use of the system, including the risk of scaling in water at a certain
temperature (Q32). It should be noted that, as in the case of other factors included in
Figure 13, the respondents were fairly consistent in their responses. Only 3% admitted that
these issues would not matter to them, and none of them chose the answer “definitely no”.
In the case of shower heat exchangers, however, the risk of scaling is negligible, as the
preheated water usually does not reach a hazardous temperature in this regard.

3.4. The Use of Shower Heat Exchangers

The last part of the survey concerned the use of shower heat exchangers. The respon-
dents were asked about the amount and temperature of water used for showering, the
characteristics of the plumbing system in the building they live in, as well as their opinion
on the heat exchangers under consideration. The results are summarized in Figure 14.

The research has shown that nearly 70% of the respondents have never heard of
shower heat exchangers (Q33). It is worth emphasizing that almost 80% of them chose
the answer “definitely no”. A significant part of the survey participants (17.5%) did not
have an opinion on this subject, and only less than 14% admitted that they were familiar
with these devices. These results should be considered very unfavorable from the point of
view of implementing shower heat exchangers. In the previous part of the survey (Q28),
the respondents indicated that the availability of information on individual systems has
a significant impact on the choice of an alternative energy source for heating water. In
the case of shower heat exchangers, it turned out that not only is there a lack of wide
access to information about these devices, but the greater part of the society is not aware
of their existence and the possibilities that their application brings. This is also confirmed
by the answers to the questions about the price (Q40) and efficiency (Q41) of shower heat
exchangers, as the majority of the respondents (over 80%) were not able to comment on
this topic. An additional barrier to the implementation of shower heat exchangers may also
be the fear of using the heat deposited in greywater (Q34). Over 45% of the respondents
admitted that they have concerns about the use of shower heat recovery systems. About
20% chose the “no opinion” option, and only 10% said that heat recovery from shower
drain water would definitely not be a problem for them.
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Figure 14. Assessment of the possibility of implementing shower heat exchangers in residential buildings (M—average,
SD—standard deviation, CI—confidence interval; questions numbers (Q) according to the Appendix A): (a) question Q33;
(b) question Q34; (c) question Q35; (d) question Q36; (e) question Q37; (f) question Q38; (g) question Q39; (h) question Q40;
(i) question Q41.

In the case of existing buildings, the method of conducting internal plumbing should
also be considered. This is important not only from the point of view of the selection of an
appropriate mounting method for the shower heat exchanger and its type, but also due to
the need to accurately estimate the installation costs. The research showed that only about
30% of the respondents have space in their dwellings to install a vertical heat exchanger,
with the answer “definitely yes” indicated by only 23% of them (Q37). As is well known,
it is these devices that are most effective and are most often used [61]. The use of devices
with a different design results in a reduction of the amount of recovered heat. Therefore,
it is necessary to look for new heat exchanger solutions that can be installed under the
floor linear shower drain or on the horizontal shower waste pipe, and the efficiency of
which will be satisfactory. Additionally, almost 63% of the respondents admitted that in
their households the device for heating domestic hot water is located at a considerable
distance from the shower (Q38). In such a situation, the only reasonable solution seems
to be to supply the preheated water only to the shower mixing valve instead of the cold
water. Considering that this method of installation is most often used when horizontal heat
exchangers and devices installed under the floor shower drain are used, it confirms the
need to look for more effective solutions in this group of devices. Especially since only
15% of the respondents admitted that installing a shower heat exchanger in their dwellings
would not require significant modifications to the existing plumbing (Q39).

The results described above are very unfavorable from the point of view of the imple-
mentation of shower heat exchangers, especially since the vast majority of the respondents
assessed the water consumption for showering (Q35) and the temperature of the water used
for this purpose (Q36) as high. It is obvious that the greater the amount and temperature



Energies 2021, 14, 5547 20 of 30

of water used, the more energy can be recovered and the greater the financial savings
associated with it. The use of these devices on a global scale would also contribute to
counteracting climate change by reducing emissions of CO; and other products of fuel
combustion. However, in many cases, despite the possibility of significantly reducing the
unit costs of heating water, the application of shower heat exchangers may turn out to
be technically and financially unjustified due to the unfavorable arrangement of internal
installations in the building.

The last two questions of the survey concerned the assessment of interest in the
use of shower heat exchangers, with Q42 relating to existing buildings and Q43 to new
facilities. Based on the answers (Figure 15), it can be concluded that the interest in using
these devices in existing residential buildings is low. Less than 7% of the respondents
answered “definitely yes”. Only 36 more people selected the “rather yes” option. The
largest number of people participating in the survey (46.5%) admitted that they had no
opinion on this subject, which confirms the lack of public awareness of the use of shower
heat exchangers. Over 27% of the respondents stated that they are not interested in using
these devices in their homes, which probably results from the necessity to significantly
modify the plumbing system. The situation is a bit better in the case of newly built facilities
(Q43). More than half of the respondents declared that they would consider using such a
device when building a house. However, almost 30% of people taking part in the survey do
not have an opinion on this subject, and 17% admit that they will not use the shower heat
exchanger even in a new building. It should also be considered that the interest in using a
given device is not tantamount to its installation in the building. The barrier may be the
high price of the heat exchanger, its low efficiency or the lack of availability of solutions on
the Polish market that will meet the expectations of the potential users. This confirms the
need to promote the idea of wastewater heat recovery and to develop new, highly efficient
designs of shower heat exchangers.
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Figure 15. Assessment of interest in the use of shower heat exchangers (M—average, SD—standard deviation, CI—

M =3.53 (Cl = 3.44-3.62)
SD = 0.99 (C/ = 0.93-1.06)

confidence interval; questions numbers (Q) according to the Appendix A): (a) question Q42; (b) question Q43.

3.5. Analysis of the Associations

As part of the research, the associations between the respondents” answers to individ-
ual questions were also analyzed. This analysis was based on Cramér’s V coefficients. The
calculation results are presented in Appendix B due to the large amount of data (over 1800
comparisons). In Tables A2-A4 those results which indicate a high association between the
answers to the questions are marked in red. Blue is a moderate association and green is a
low association.

The presented results prove that the minimum threshold suggesting the existence
of the association between the answers to two questions was exceeded in most cases.
However, it should be noted that many of these values only slightly exceed 0.1, indicating
the presence of a low association. Stronger links can only be observed in a few cases. High
and moderate associations were observed, for example, in relation to questions concerning
the impact of economic issues on the choice of an alternative energy source for water
heating (Q19-Q23). In the case of the question about the cost of purchasing and installing a
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device (Q19), there is also a link with questions about the availability of information on a
given energy source (Q28), its availability throughout the year (Q29) and the possibility of
using it with other energy sources (Q30).

The analysis also showed that the preferences of the respondents regarding the in-
fluence of technical issues on saving energy for heating water (Q16) are closely related to
their opinion on the influence of these factors on the choice of alternative energy sources
(Q31 and Q32). A similar tendency was observed in the case of legal (Q14 vs. Q24 and
(025) and social issues (Q15 vs. Q26 and Q27). This association is noticeable, although
slightly smaller, also in relation to environmental factors (Q12 vs. Q17 and Q18). However,
no significant associations were noted between the assessment of the impact of economic
benefits on the decision to save energy (Q13) and the impact of economic issues on the
choice of an alternative energy source.

In the last part of the survey, concerning the use of shower heat exchangers, there
is a clear correlation between the answers to questions Q42 and Q43. People who show
interest in the application of a shower heat exchanger in an existing apartment building
will also be interested in this type of investment in the future. In the case of the remaining
questions that were included in this part of the questionnaire, the associations are not so
clear. The moderate associations can be noticed between the answers to the question about
the knowledge of shower heat exchangers (Q33) and the answers to the questions Q40-Q43.
This is probably due to the fact that people who did not have sufficient knowledge on the
use of shower heat exchangers were not able to assess them.

It is also important that the survey research did not show any significant associations
between the demographic characteristics of the respondents and their opinion on the
impact of the studied factors on the decision to save energy for water heating and the
choice of an alternative energy source. There is also no noticeable relationship between
the age, gender or level of education of people participating in the survey and their
preferences regarding the use of shower heat exchangers. For this reason, these devices
have a significant application potential among all social groups. Only this potential should
be properly used.

4. Conclusions

The research identified factors determining energy saving for heating water in res-
idential buildings and choosing an alternative energy source. The possibilities of using
shower heat exchangers were also assessed, as well as the willingness of the society to use
this type of devices in residential buildings. Based on the results of the survey, it can be
concluded that the perspective of protecting the natural environment and its resources
is not a sufficient argument to encourage users to save energy for heating water. It is
necessary to introduce appropriate incentives and motivators that would induce society
to care for the state of the environment and climate of our planet, as well as universal
pro-environmental education.

The analysis showed that the main barrier to the implementation of shower heat
exchangers in the Podkarpackie Voivodeship is the lack of access to information on these
devices. A significant part of the society is not familiar with this solution and is not aware
of the possibilities that its use brings. It is therefore necessary to introduce programs
promoting the use of these devices. An equally important issue is ensuring an appropriate
source of financing for the purchase of shower heat exchangers. The impact of financial
issues on the decision to save energy is admittedly less significant than other factors,
however, in the case of choosing an alternative energy source, it plays an important role.
Considering that the price of shower heat exchangers is in many cases inadequate to the
financial savings achieved, the search for new, highly efficient heat exchanger designs
remains an important issue. The devices installed under the floor shower drain and on
the horizontal shower waste pipe have the greatest potential. In their case, the preheated
water is usually fed only to the shower mixing valve. This limits the scope of the required
installation works, thus making it possible to use the device in an existing building, and
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makes the system operation independent of the type of heat source. The possibilities of
using vertical heat exchangers in most cases are limited to newly built facilities due to
technical problems that could occur in existing buildings.

The analysis of associations also showed that demographic issues do not have a
significant impact on the preferences of respondents regarding the use of shower heat
exchangers. For this reason, these devices have a significant application potential among
all social groups. Only this potential should be properly used.

The role played by the legislator should not be forgotten either. The introduction of
relevant legal regulations requiring the use of greywater as an alternative energy source
would certainly contribute to the increased interest in shower heat exchangers.

The research was conducted among the inhabitants of only one voivodeship, which
is certainly their limitation. Further research will therefore focus on people living also
in other parts of the country. This will allow not only to identify the differences in the
approach to energy saving in different parts of Poland, but also indirectly to characterize
the differentiation of the socio-economic development of voivodeships. Collecting a wider
set of data will also identify those factors that have the greatest impact on the level of
interest in the use of shower heat exchangers, which will be possible thanks to the use of
advanced statistical tools.

The conducted survey research also showed that the number of potential recipients
of horizontal heat exchangers is much greater than that of devices with vertical flow. The
problem, however, is the insufficient efficiency of such devices. For this reason, further
research will focus on developing innovative, highly efficient solutions for heat exchangers
installed under the floor linear shower drain or on the horizontal shower waste pipe.
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Appendix A

Table Al lists the questions that were included in the questionnaire.

Table A1. List of questions included in the survey (translated from polish).

Questions * Available Choices

Demographics & Households Characteristics/Evaluation of domestic hot water heating system
(for questions Q8-Q11, the available choices were: definitely good/yes, rather good/yes, no opinion, rather poorly/no, definitely

poorly/no)

Q1. Age 18-30 >30-40 >40-50 >50-60 >60
Q2. Gender Female Male Not listed Prefer not to answer

Q3. Place of residence  City/town Village

Q4. Residential house  Single-family or terraced Multi-family multi-storey
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Table A1. Cont.

Questions * Available Choices

Q5. Education Master’s degree g:;?:(leor S High school Professional certification

Q6. The main source District heating system  Gas water heater ~ Electric water heater =~ Gas boiler

of domestic hot water ~ Solid fuel boiler Other

Q7. Additional device  Solar panels Heat pump Biomass boiler Shower heat exchanger

for heating water Device that uses fossil energy sources Other renewable energy source device No device

Q8. How do you rate your domestic hot water heating system?

Q9. Are your energy bills for heating water acceptable?

Q10. Do you experience any inconvenience with your domestic hot water heating system?

Q11. Do you think that in Poland there is a problem with access to fossil fuels?

Factors determining energy saving for water heating
(for questions Q12-Q16, the available choices were: definitely yes, rather yes, no opinion, rather no, definitely no)

Q12. Would the possibility of protecting the environment and natural resources induce you to save energy for heating water?

Q13. Would the possibility of achieving economic benefits induce you to save energy for heating water?

Q14. Would the introduction of legal regulations imposing energy saving and emission reduction induce you to save energy for
water heating?

Q15. Would the possible increase in the comfort and safety of installation use encourage you to save energy for heating water?

Q16. Could technical facilitations related to the installation and operation of the system as well as the availability of energy sources
encourage you to save energy for heating water?

Factors influencing the choice of an alternative energy source
(for questions Q17-Q32, the available choices were: definitely yes, rather yes, no opinion, rather no, definitely no)

Q17. Would the amount of GHG reduction resulting from the use of an alternative energy source for heating water affect its choice?

Q18. Would the amount of potentially saved energy resources affect the choice of an alternative energy source for heating water?

Q19. Would the cost of purchasing and installing individual devices affect the choice of an alternative energy source for heating
water?

Q20. Would the unit cost of heating water affect the choice of an alternative energy source for heating water?

Q21. Would the costs of maintenance and possible repair of the system affect the choice of an alternative energy source for heating
water?

Q22. Would the expected service life of the system affect the choice of an alternative energy source for heating water?

Q23. Would the possibility of obtaining financing for the purchase of the system affect the choice of an alternative energy source for
heating water?

Q24. Would the introduction of legal regulations requiring the use of specific energy sources affect their choice as an alternative
energy source for water heating?

Q25. Would the introduction of legal regulations ordering the reduction of greenhouse gas emissions resulting from the combustion
of fuels affect the choice of an alternative energy source for water heating?

Q26. Would the expected increase in the level of comfort of use of the hot water system affect the choice of an alternative energy
source for heating water?

Q27. Would hygiene considerations, including prevention of Legionella bacteria growth, affect the choice of an alternative energy
source for heating water?

28. Would the availability of information on individual systems affect the choice of an alternative energy source for heating water?

Q29. Would issues related to the availability of a given energy source throughout the year affect its choice as an alternative energy
source for heating water?

Q30. Would the possibility of using a given energy source together with other alternative energy sources for heating water affect its
choice?
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Questions *

Available Choices

Q31. Would technical considerations related to the installation of the system, including the need to modify the plumbing, affect the

choice of an alternative energy source for water heating?

Q32. Would technical considerations related to the operation of the system, including the risk of scaling in water at a certain
temperature, affect the choice of an alternative energy source for heating water?

The use of shower heat exchangers
(for questions Q33—-Q43, the available choices were: definitely yes/high, rather yes/high, no opinion, rather no/low, definitely
no/low)

033.

Have you ever heard of shower heat exchangers?

Q34.

Are you afraid of using the energy deposited in drain water?

Q35.

How would you rate the water consumption for showering in your home?

Q36.

How would you rate the temperature of the mixed water used for showering in your home?

Q37.

Do you have space to install a vertical DWHR heat exchanger below the shower drain?

Q38.

Is there a water heating device in your home close to the shower?

039.

Would installing a shower heat exchanger in your apartment require significant modifications to the existing plumbing?

Q40.

Is the price of shower heat exchangers available on the market acceptable to you?

Q41.

Is the efficiency of shower heat exchangers available on the market acceptable to you?

Q42.

Are you interested in using a drain water heat recovery system in your existing apartment?

Q43.

Are you interested in using a drain water heat recovery system in the construction of a new house?

* Available online: https://docs.google.com/forms/d/e/1FAIpQLSeKVelylbilH6_1mGHFxgvTjifMVF{TOMGHILew2LkzVwosjQ/
viewform (accessed on 16 July 2021).

Appendix B

Tables A2—A4 shows the values of the Cramér’s V coefficient.

Table A2. The values of the Cramer’s V coefficient for questions Q1-Q15 (questions numbers (Q) according to the

Appendix A).

Q1 Q Q@ 04 05 Q6 Q7 Q7 Q8 Q10 Q11 Q12 QI3 Q14 Q15
Q1 1.00 0.09 0.01 037  0.19 0.48 034 016 024 0.15 0.15 012 013 007 0.11
Q2 0.09 1.00  0.05 0.02 009 005 0.11 006 010 009 007 014 0.08 0.05 0.06
Q3 0.01 0.05 - - 0.11 0.54 0.26 0.04 0.29 0.16 0.23 0.07 0.11 0.06 0.12
4 037  0.02 - - 010 085 0.58 0.08 041 0.30 0.42 016 006  0.09 0.11
Q5 0.19 0.09 0.11 0.10 1.00  0.09 0.12 008 009 010 006 010 010 0.08 0.09
Q6 0.48 005 054 0.85 0.09 1.00 0.33 0.18 0.35 0.20 0.33 0.16  0.09 0.11 0.09
Q7 034  0.11 0.26 0.58 012 033 1.00 0.11 027 0.14 0.14 0.08 0.12  0.08 0.12
Q8 016 006 0.04 008 008 0.18 0.11 1.00 018 049 0.11 0.09 010 0.05 0.05
Q9 024  0.10 0.29 0.41 0.09 035 027  0.18 1.00 0.13 0.18 010 0.06  0.08 0.12
Q10  0.15 0.09 0.16 0.30 010 020 0.14 0.49 0.13 1.00 0.11 0.11 0.11 0.08 0.06
Q1 0.15 0.07 023 042 006 033 0.14 0.11 0.18 0.11 1.00 031 012  0.09 0.15
Q12 012 014 007 0.16 010 0.16  0.08 0.09 0.10 0.11 0.31 1.00 0.16 0.23 0.20
Q13 013 0.08 0.11 0.06 010  0.09 0.12 0.10 0.06 0.11 0.12 0.16 1.00 0.11 0.15
Q14 007 005 0.06 0.09 0.08  0.11 0.08 0.05 0.08 008 0.09 0.23 0.11 1.00 0.12
Q15 0.11 0.06 0.12 0.11 0.09 0.09 0.12 0.05 0.12 0.06 0.15 0.20 0.15 0.12 1.00
Q16 008 006  0.02 0.09 0.08 007 0.12 0.18 0.07 0.17  0.08 012  0.11 0.17  0.08
Q17 012 012  0.07  0.09 0.09 0.11 0.09 0.08 0.09 0.06 0.22 0.39 0.12 0.14 0.14
Q18  0.13 0.10  0.10 007 008 010 0.07 0.08 0.08 0.08 0.21 036 012  0.10 0.12
Q19 009 0.08 0.12 0.15 0.09 0.12 0.11 0.10 0.09 0.10 010 0.3 0.11 0.10 0.05



https://docs.google.com/forms/d/e/1FAIpQLSeKVeIy1biIH6_1mGHFxgvTjfMVFtjTOmGHILew2LkzVwosjQ/viewform
https://docs.google.com/forms/d/e/1FAIpQLSeKVeIy1biIH6_1mGHFxgvTjfMVFtjTOmGHILew2LkzVwosjQ/viewform

Energies 2021, 14, 5547

25 of 30

Table A2. Cont.

Q1 Q2 03 Q4 05 Q6 Q7 Q7 Q8 Q10 Q11 QI2 Q13 Q14 QI5
Q20 0.11 0.09 0.10 0.11 0.08 0.15 0.12 0.07 0.10 0.11 0.11 0.14 0.09 0.11 0.06
Q21 0.22 0.06 0.09 0.11 0.09 0.30 0.13 0.11 0.18 0.10 0.17 0.18 0.14 0.09 0.07
Q22 0.12 0.07 0.07 0.11 0.05 0.17 0.13 0.09 0.12 0.10 0.12 0.10 0.13 0.11 0.07
Q23 0.09 0.07 0.17 0.24 0.11 0.18 0.15 0.07 0.14 0.11 0.15 0.18 0.09 0.09 0.06
Q24 0.10 0.08 0.09 0.14 0.08 0.14 0.08 0.07 0.10 0.09 0.10 0.21 0.10 0.75 0.14
Q25 010 0.07 0.11 010 009 0.14  0.08 0.08  0.11 0.08 0.11 020  0.11 0.65 0.16
Q26 0.11 0.07 0.10 0.10 0.09 0.11 0.14 0.05 0.12 0.08 0.10 0.16 0.15 0.21 0.70
Q27 0.11 0.06 0.11 0.10 0.07 0.09 0.13 0.05 0.11 0.06 0.11 0.17 0.15 0.15 0.73
Q28 009 008 007 010 008 0.10 0.13 0.09 0.08 0.12  0.09 0.19 0.05 017  0.16
Q29 0.08 0.09 0.10 0.15 0.08 0.11 0.09 0.09 0.09 0.08 0.10 0.13 0.06 0.13 0.18
Q30 0.11 0.06 0.09 0.13 0.08 0.14 0.11 0.10 0.10 0.06 0.13 0.13 0.05 0.18 0.23
Q31 0.09 0.06 0.08 0.11 0.07 0.10 0.14 0.18 0.06 0.16 0.07 0.07 0.11 0.15 0.08
Q32 0.11 0.06 0.07 0.07 0.07 0.12 0.10 0.17 0.04 0.16 0.06 0.10 0.12 0.14 0.11
Q33 0.16 0.06 0.06 0.17 0.13 0.16 0.19 0.09 0.10 0.10 0.10 0.12 0.11 0.08 0.09
Q34 009 008 004 005 010 0.12  0.09 0.11 010 009 010 0.11 010 006 0.10
Q35 0.09 0.06 0.14 0.20 0.08 0.16 0.10 0.05 0.12 0.09 0.13 0.08 0.10 0.10 0.10
Q36 0.14 0.10 0.11 0.04 0.06 0.12 0.09 0.11 0.09 0.09 0.09 0.10 0.08 0.10 0.09
Q37 0.17 0.13 0.15 0.11 0.11 0.14 0.11 0.12 0.07 0.11 0.08 0.07 0.08 0.11 0.08
Q38 0.23 0.06 0.23 0.21 0.08 0.16 0.09 0.09 0.13 0.10 0.11 0.10 0.10 0.08 0.09
Q39 0.11 0.08 0.11 0.07 0.08 0.11 0.08 0.07 0.12 0.07 0.11 0.13 0.10 0.09 0.09
Q40 009 0.08 0.09 0.08 010 0.11 0.11 0.13 013 008 0.08 0.08 0.11 0.07  0.07
Q41 0.12 0.06 0.06 0.12 0.08 0.13 0.16 0.10 0.11 0.08 0.09 0.10 0.10 0.09 0.08
Q42 0.14 0.06 0.20 0.21 0.11 0.16 0.18 0.11 0.16 0.12 0.10 0.09 0.08 0.09 0.13
Q43 0.12 0.08 0.23 0.24 0.07 0.14 0.11 0.09 0.15 0.12 0.10 0.09 0.12 0.10 0.10

Table A3. The values of the Cramer’s V coefficient for questions Q16-Q30 (questions numbers (Q) according to the
Appendix A).

Q16 Q17 Q18 Q19 Q20 Q21 Q2 Q23 Q24 Q25 Q26 Q27 Q28 Q29 Q30
Q1 0.08 0.12 0.13 0.09 0.11 0.22 0.12 0.09 0.10 0.10 0.11 0.11 0.09 0.08 0.11
Q2 0.06 0.12  0.10 008 009 006 007 007 008 007 007 006 008 009 0.06
Q3 0.02 0.07 0.10 0.12 0.10 0.09 0.07 0.17 0.09 0.11 0.10 0.11 0.07 0.10 0.09
Q4 0.09 0.09 0.07 0.15 0.11 0.11 0.11 0.24 0.14 0.10 0.10 0.10 0.10 0.15 0.13
Q5 0.08 009 0.08 0.09 0.08 009 0.05 0.11 0.08 009 0.09 0.07 008 0.08 0.08
Q6 0.07 0.11 0.10 0.12 0.15 0.30 0.17 0.18 0.14 0.14 0.11 0.09 0.10 0.11 0.14
Q7 0.12 0.09 0.07 0.11 0.12 0.13 0.13 0.15 0.08 0.08 0.14 0.13 0.13 0.09 0.11
Q8 0.18  0.08 0.08 0.10 0.07  0.11 0.09 0.07 007 0.08 0.05 0.05 009 0.09 0.10
Q9 0.07 0.09 0.08 0.09 0.10 0.18 0.12 0.14 0.10 0.11 0.12 0.11 0.08 0.09 0.10
Q10 0.17 0.06 0.08 0.10 0.11 0.10 0.10 0.11 0.09 0.08 0.08 0.06 0.12 0.08 0.06
Qu 0.08 0.22 0.21 0.10 0.11 0.17 0.12 0.15 0.10 0.11 0.10 0.11 0.09 0.10 0.13
Q12 0.12 0.39 0.36 0.13 0.14 0.18 0.10 0.18 0.21 0.20 0.16 0.17 0.19 0.13 0.13
Q13 0.11 0.12 0.12 0.11 0.09 0.14 0.13 0.09 0.10 0.11 0.15 0.15 0.05 0.06 0.05
Q14 0.17 0.14 0.10 0.10 0.11 0.09 0.11 0.09 0.75 0.65 0.21 0.15 0.17 0.13 0.18
Q15 0.08 0.14 0.12 0.05 0.06 0.07 0.07 0.06 0.14 0.16 0.70 0.73 0.16 0.18 0.23
Q16 1.00  0.10 0.11 0.08 006  0.09 0.10 0.08  0.11 0.12 0.12 0.06 005 0.07 0.08
Q17 0.10 1.00 0.82 0.09 0.11 0.10 0.09 0.11 0.15 0.15 0.10 0.09 0.12 0.08 0.11
Q18 0.11 0.82 1.00 0.08 0.09 0.09 0.10 0.09 0.11 0.13 0.11 0.11 0.12 0.08 0.12
Q19 0.08 0.09 0.08 1.00 0.75 0.63 0.65 0.72 0.12 0.13 0.10 0.07 0.67 0.67 0.56
Q20 0.06 0.11 0.09 0.75 1.00 0.49 0.43 0.51 0.13 0.13 0.09 0.08 0.48 0.49 0.34
Q21 0.09 0.10 0.09 0.63 0.49 1.00 0.67 0.55 0.15 0.20 0.08 0.07 0.60 0.38 0.40
Q22 0.10 0.09 0.10 0.65 0.43 0.67 1.00 0.52 0.17 0.19 0.07 0.07 0.48 0.46 0.43
Q23 0.08 0.11 0.09 0.72 0.51 0.55 0.52 1.00 0.13 0.14 0.10 0.07 0.59 0.50 0.44
Q24 0.11 0.15 0.11 0.12 0.13 0.15 0.17 0.13 1.00 0.78 0.21 0.15 0.20 0.18 0.17
Q25 0.12 0.15 0.13 0.13 0.13 0.20 0.19 0.14 0.78 1.00 0.22 0.17 0.13 0.15 0.14
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Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27 Q28 Q29 Q30
Q2 012 010 011 010 009 008 007 010 021 022 100 076 017 019 028
Q27 006 009 011 007 008 007 007 007 015 017 076 100 014 017 025
Q28 005 012 012 067 048 060 048 059 020 013 017 014 100 070 072
Q29 007 008 008 067 049 038 046 050 018 015 019 017 070 1.00  0.66
Q30 008 011 012 056 034 040 043 044 017 014 028 025 072 066 100
Q31 066 011 012 016 012 009 006 013 011 011 013 009 014 013  0.16
Q32 066 010 011 020 015 013 011 015 010 009 017 012 020 019 0.19
Q33 013 013 013 017 017 014 014 016 009 007 011 011 020 015 0.15
Q3 007 008 010 008 007 009 008 011 007 008 006 007 009 008 0.07
Q3% 009 011 009 009 007 008 007 008 010 010 009 011 008 007 006
Q3 007 011 010 012 015 014 012 010 010 009 011 007 010 012 006
Q37 009 007 006 008 007 011 014 009 009 009 008 008 003 007 005
Q38 009 009 010 009 011 007 010 010 009 008 008 007 009 009 0.08
Q39 011 011 011 008 006 008 008 009 010 009 013 011 007 007 008
Q40 006 012 011 008 010 007 009 010 008 008 008 007 005 008 0.09
Q41 009 009 009 008 013 007 006 009 008 009 009 009 009 008 007
Q42 013 008 011 010 010 008 010 009 009 011 010 011 013 010 0.2
Q43 009 013 012 008 008 006 009 008 011 011 009 011 012 011 012

Table A4. The values of the Cramer’s V coefficient for questions Q31-Q43 (questions numbers (Q) according to the

Appendix A).

Q31 Q32 Q33 03 Q35 Q36 Q37 Q38 Q39 Q40 Q41 Q42 Q43
Q1 0.09 0.11 0.16 0.09 0.09 0.14 0.17 0.23 0.11 0.09 0.12 0.14 0.12
Q2 0.06 0.06 0.06 0.08 0.06 0.10 0.13 0.06 0.08 0.08 0.06 0.06 0.08
Q3 0.08 0.07 0.06 0.04 0.14 0.11 0.15 0.23 0.11 0.09 0.06 0.20 0.23
Q4 0.11 0.07 0.17 0.05 0.20 0.04 0.11 0.21 0.07 0.08 0.12 0.21 0.24
Q5 0.07 0.07 0.13 0.10 0.08 0.06 0.11 0.08 0.08 0.10 0.08 0.11 0.07
Q6 0.10 0.12 0.16 0.12 0.16 0.12 0.14 0.16 0.11 0.11 0.13 0.16 0.14
Q7 0.14 0.10 0.19 0.09 0.10 0.09 0.11 0.09 0.08 0.11 0.16 0.18 0.11
Q8 0.18 0.17 0.09 0.11 0.05 0.11 0.12 0.09 0.07 0.13 0.10 0.11 0.09
Q9 0.06 0.04 0.10 0.10 0.12 0.09 0.07 0.13 0.12 0.13 0.11 0.16 0.15
Q10 0.16 0.16 0.10 0.09 0.09 0.09 0.11 0.10 0.07 0.08 0.08 0.12 0.12
Q11 0.07 0.06 0.10 0.10 0.13 0.09 0.08 0.11 0.11 0.08 0.09 0.10 0.10
Q12 0.07 0.10 0.12 0.11 0.08 0.10 0.07 0.10 0.13 0.08 0.10 0.09 0.09
Q13 0.11 0.12 0.11 0.10 0.10 0.08 0.08 0.10 0.10 0.11 0.10 0.08 0.12
Q14 0.15 0.14 0.08 0.06 0.10 0.10 0.11 0.08 0.09 0.07 0.09 0.09 0.10
Q15 0.08 0.11 0.09 0.10 0.10 0.09 0.08 0.09 0.09 0.07 0.08 0.13 0.10
Q16 0.66 0.66 0.13 0.07 0.09 0.07 0.09 0.09 0.11 0.06 0.09 0.13 0.09
Q17 0.11 0.10 0.13 0.08 0.11 0.11 0.07 0.09 0.11 0.12 0.09 0.08 0.13
Q18 0.12 0.11 0.13 0.10 0.09 0.10 0.06 0.10 0.11 0.11 0.09 0.11 0.12
Q19 0.16 0.20 0.17 0.08 0.09 0.12 0.08 0.09 0.08 0.08 0.08 0.10 0.08
Q20 0.12 0.15 0.17 0.07 0.07 0.15 0.07 0.11 0.06 0.10 0.13 0.10 0.08
Q21 0.09 0.13 0.14 0.09 0.08 0.14 0.11 0.07 0.08 0.07 0.07 0.08 0.06
Q22 0.06 0.11 0.14 0.08 0.07 0.12 0.14 0.10 0.08 0.09 0.06 0.10 0.09
Q23 0.13 0.15 0.16 0.11 0.08 0.10 0.09 0.10 0.09 0.10 0.09 0.09 0.08
Q24 0.11 0.10 0.09 0.07 0.10 0.10 0.09 0.09 0.10 0.08 0.08 0.09 0.11
Q25 0.11 0.09 0.07 0.08 0.10 0.09 0.09 0.08 0.09 0.08 0.09 0.11 0.11
Q26 0.13 0.17 0.11 0.06 0.09 0.11 0.08 0.08 0.13 0.08 0.09 0.10 0.09
Q27 0.09 0.12 0.11 0.07 0.11 0.07 0.08 0.07 0.11 0.07 0.09 0.11 0.11
Q28 0.14 0.20 0.20 0.09 0.08 0.10 0.03 0.09 0.07 0.05 0.09 0.13 0.12
Q29 0.13 0.19 0.15 0.08 0.07 0.12 0.07 0.09 0.07 0.08 0.08 0.10 0.11
Q30 0.16 0.19 0.15 0.07 0.06 0.06 0.05 0.08 0.08 0.09 0.07 0.12 0.12
Q31 1.00 0.73 0.14 0.06 0.10 0.10 0.07 0.10 0.07 0.07 0.06 0.13 0.10
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Table A4. Cont.

Q31 Q32 Q33 Q34 Q35 Q36 Q37 Q38 Q39 Q40 Q41 Q42 Q43
Q32 0.73 1.00 0.13 0.07 0.07 0.06 0.08 0.06 0.08 0.13 0.07 0.13 0.09
Q33 0.14 0.13 1.00 0.27 0.06 0.09 0.08 0.10 0.06 0.34 0.37 0.32 0.32
Q34 0.06 0.07 0.27 1.00 0.11 0.09 0.07 0.12 0.11 0.20 0.21 0.13 0.17
Q35 0.10 0.07 0.06 0.11 1.00 0.12 0.08 0.11 0.11 0.08 0.10 0.13 0.09
Q36 0.10 0.06 0.09 0.09 0.12 1.00 0.23 0.09 0.11 0.08 0.10 0.08 0.08
Q37 0.07 0.08 0.08 0.07 0.08 0.23 1.00 0.25 0.12 0.10 0.08 0.10 0.13
Q38 0.10 0.06 0.10 0.12 0.11 0.09 0.25 1.00 0.25 0.10 0.11 0.29 0.32
Q39 0.07 0.08 0.06 0.11 0.11 0.11 0.12 0.25 1.00 0.06 0.09 0.11 0.10
Q40 0.07 0.13 0.34 0.20 0.08 0.08 0.10 0.10 0.06 1.00 0.27 0.22 0.21
41 0.06 0.07 0.37 0.21 0.10 0.10 0.08 0.11 0.09 0.27 1.00 0.31 0.30
Q42 0.13 0.13 0.32 0.13 0.13 0.08 0.10 0.29 0.11 0.22 0.31 1.00 0.64
Q43 0.10 0.09 0.32 0.17 0.09 0.08 0.13 0.32 0.10 0.21 0.30 0.64 1.00
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