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Abstract: The aim of the article is to determine the impact of economic aspects on the
decision-making process on modernization of heating sources used by households in
the largest cities of the Kuyavian-Pomeranian Voivodeship. Excessive use of obsolete
and worn out heating sources contributes significantly to intensive air pollution, es-
pecially during the winter season. The article uses a questionnaire survey carried out
in the form of an online survey, addressed to the residents of Bydgoszcz, Torun and the
surrounding area. The survey was conducted using the google form, which was sent to
random users of social networks. The form was also published on groups associating
residents of Bydgoszcz and Torun, as well as student groups of these cities. As a result
of the survey we managed to obtain 153 correctly filled questionnaires. The analysis
was based mainly on the analysis of the frequency of responses given and the analysis
of correlations. Because of this analysis, it can be concluded that the decisions related
to the choice of the type of a new heating source and its level of environmental perfor-
mance are mainly related to economic aspects, not over-care for the natural environ-
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ment. A large proportion of respondents believe that they are willing to allocate an ad-
ditional sum of money to the planned purchase only due to ecological values, however
alarge part of them declares sums that are really too small to translate into a more en-
vironmentally friendly product. It means that for the surveyed the main group of fac-
tors affecting the selection of the heating source are economic factors, and the added
value which is less emission of harmful pollutants often goes to the background (al-
though it is not completely insignificant). It results from the fact that ongoing subsidy
programs are the most effective form of improving the situation, however, the level of
funding should bring the price of ecological furnaces closer to their traditional, cheaper
counterparts.

[ | INTRODUCTION

It is spoken a lot of about a green development with the respect to the popular-
ity and the common fashion for ecology, however, it is often associated with su-
perficial actions entailing noticeable changes. The superficiality is attributed
to a large number of introduced solutions, for instance to the reports of social
responsibility for business. However, a little attention is paid to the decision
taken by ordinary people. All fundamental changes shouldn’t have roots in the
actions of big firms, corporations, enterprisers or countries but in the behav-
iour of ordinary people because these are people who create and manage all
economic structures existing in economy, so that in people lies the biggest pow-
er determining all changes (www1).

An excellent experimental area in recognizing people’s attitude to problems
and ecological challenges of the contemporary times can be the most popular
for a few years - the problem of polluted air in Poland, increasing in the winter
time. This phenomenon concerns mostly the municipal and suburban areas and
its source is fuel used for heating households and buildings. Taking into consid-
eration the above circumstances, the tendency to invest in modernization of
utilized heating sources has become the basis to write the below article.

THE RESEARCH METHODOLOGY AND THE COURSE OF THE RESEARCH PROCESS

In this article there have been used the research methods including: the criti-
cal analysis of literature, the analysis of market data, as well as the survey re-
search, completed in the form of the Internet questionnaire made up with the
use of Google application form consisting of 14 questions. This form was direct-
ed to the groups consociating on the social networks the dwellers of the biggest
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cities of kujawsko-pomorskie voivodeship which are Bydgoszcz and Torun and
also their neighborhoods. The surveyed respondents replied in the period of
8-20" December 2018. In such a way, a gathered research data was afterwards
submitted to a statistical analysis with the use of SPSS Statistics and Microsoft
Excel programmes.

THE PROBLEM OF AIR POLLUTION IN POLAND

The problem of air pollution has been in the last years one of the most popular
issues, arising in different kinds of media in Poland, especially in the autumn-
winter time. A gradually decreasing air temperature made a large number of
dwellers heat their houses more intensively. An increased exploitation of fur-
naces is associated with an increased emission of combustion products into the
atmosphere, which collects contamination mainly in the form of dust suspend-
ed PM 2.5 and PM 10, and also toxic gases such as nitric oxide, sulphur dioxide,
hydrogen chloride or hydrogen fluoride (www?2).

One of the most harmful combustion products is benzoapyrene - polycy-
clic aromatic hydrocarbon which affects particularly badly a human body, for
example, by: adrenalopathy, lymphatic disorder, respiratory diseases and also
the increase of cardiovascular diseases. In Poland the benzoapyrene concen-
tration is one of the highest in Europe, which is presented on the visual map on
the scheme 1.

One of the main causes of the bad air condition in Poland is the emission of
the harmful substances arisen as the result of households heating with low-
quality fuel (or even toxic waste which should be utilized in specialized compa-
nies). Additionally, low-quality fuel is often associated with highly ineffective
furnaces which while working achieve low efficiency in transformation of in-
cinerated fuel into thermal energy, which additionally increases the use of uti-
lized feedstock and the level of emitted pollutants (www?2).

However, this problem doesn’t only concern Poland, it is also widely no-
ticed in other countries such as China which have considerable difficulties in
an effective fight with so called smog. In such a case, the effect of a gradual im-
provement is achieved mainly by the severe restriction of Chinese government
dealing with the reduction of the amount of carbon incinerated by the industry
(www3).
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Scheme 1. The benzoapyrene concentration in selected countries in 2014
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Source: (wwwb6).

In Poland, the main reason for the formation of smog is the so-called low
emission. It is the emission of combustion products into the atmosphere from
chimney outlets located up to 40 meters above ground level. Such a low height
means that the products of combustion along with contaminants stay close
to the ground, where they are inhaled by respiratory systems of humans and
animals. For this reason, the basic ad hoc preventive measure that protects
the health of urban residents is personal air filters in the form of dust masks
or gas masks with more advanced, multi-stage pollution filtration systems
(Miktaszewski, 2017, pp. 6, 20).

One of the cities struggling with the largestair pollution in Poland is Krakdéw.
In this case, the conducted research shows that the main part of low emission
pollution is generated both in the scale of the Matopolskie Voivodship, as well
as on the national scale through the generation of heat in individual or local
boiler houses in the winter season. In order to minimize low emissions and an
excessive amount of harmful substances, the Matopolskie Voivodeship focus-
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es on comprehensive modernization of households, including not only replace-
ment of obsolete sources of heat, but also thermo-modernization of buildings.
Smaller heat losses mean less heating needs and what is associated with this is
a smaller amount of burnt coal and other fuels used in heating. Krakow’s prob-
lems associated with an extremely high amount of pollution affect not only the
health and physical condition of the residents. Material property is also threat-
ened, especially historical properties, which are subject to faster degradation
as aresult of exposure to long-term pollution. Bricks and concrete walls crum-
ble faster, and metal elements are subject to accelerated corrosion, which ad-
versely affects the image of the city both for residents and tourists visiting the
former capital of Poland (Kaczmarczyk, 2015, pp. 28-38).

Taking into account the structure of pollution sources from low emissions, it
can be clearly stated that households are the biggest culprit. In order to reduce
the pollution, they generate the city of Krakow develops alternative heating
sources, actively developing the gas network, in addition to the aforementioned
thermo-modernization. Other activities focus on other sources of pollution
such as private transport or industry. The activities undertaken focus on re-
ducing excessive traffic where it is unnecessary, and replacing the solutions
used with more ecological ones (Kaczmarczyk, 2015, pp. 38-49).

An alternative to energy for smaller towns located near large agricultural
areas may be, in addition to the previously mentioned sources - biomass heat-
ing plants. This fuel is relatively easy to process and use, and its main source
may be a shrub willow, collected cyclically once a year (Budzynski & Bielski,
2006).

Another alternative method of heating may be heat pumps, the use of which
for economic reasons becomes more and more profitable. However, the wider
application depends to a large extent on the location of a given building and
geological conditions (in the case of pumps drawing energy from the ground).
The heating power derives from a constant temperature that remains at a cer-
tain level below the ground. In the opinion of many, this is a source with high
development potential in the future, similar to other renewable energy sources
with alow degree of environmental nuisance (Lesniak, Janczar-Smuga, Podgor-
ski & Klinkowski, 2012).

In addition, new innovative solutions are constantly emerging that allow for
obtaining thermal energy, among others using magnetic fields of permanent
magnets, however, such solutions are not yet advanced enough to be able to
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estimate their rational and economically efficient use on a wide scale (Nowak
& Kowalczyk, 2015).

A representative of Germany, which is geographically closer to Poland, has
been creating the plans of a gradual withdrawal of the conventional sources of
energy by renewable energy sources since the nineteens of the previous cen-
tury. Initially, this concept established the introduction of the minimal rates on
wind power, solar energy and the one received from the small generators gain-
ing water-dwelling energy. Gradually, this law had been undergoing modifica-
tion till 2016 year when there was introduced an act about the renewable ener-
gy sources (EEG) which became an example to follow for other countries. Such
an act guarantees the priority of the flow of energy from the renewable energy
sources and also determines for it a minimal market price. Consequently, the
system, which was the guarantor of a high security level of investments into re-
newable energy sources, was created. At the same time, it confined redundant
bureaucracy (Morris & Pehnt, 2017, pp. 30-31).

In Poland the actions undertaken against the air contamination concentrate
mainly on supporting the modernization used by households (considered as the
main cause of the problem) the heating devices, as well as the controls of fuel
incinerated in them. The expression of the combat with contamination on the
local level is, among others, the program of premiums to the modernization of
the utilized heating sources, recognized as non-ecological. In accordance with
the information of the Bydgoszcz City Council in 2018 as part of the program
“EKOpiec 2018” it is possible to receive a bailout of the conducted moderniza-
tion up to 4000 zl. The program covers heating sources powered with solid fuel.
The beneficiaries of this support are “owners, co-owners of the properties, rep-
resenting a single-family residential building or a dwelling, used entirely for
one’s own housing needs or the users of perpetual real estates on which there is
situated a single-family residential building, used entirely for one’s own hous-
ing estates” (www4).

A little more complex system of premiums has been implemented in Torun.
In this case, the main condition to receive them is to own an old type of a fur-
nace for solid fuel. The amount of money possible to gain in the form of re-
imbursement is established as a percentage which value cannot exceed 70%.
However, most variants fluctuate between 40-60% of expenditure incurred by
an owner of a real estate. In addition, there appear the numerous limitations
of maximum amounts which are likely to be gained depending on a concrete
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case (the detailed regulations are not presented here in view of editorial con-
straints) (wwwb5).

THE TENDENCY OF DOMESTIC HOUSEHOLDS TO INVEST
IN THE MODERNIZATION OF UTILIZED HEATING SOURCES -
THE SURVEY RESULTS

Considering the described actions, undertaken on the local level and aiming at
the improvement of the air quality, it is worth thinking what it is the tendency
of dwellers to carry out the modernization of heating sources? How strongly do
local inhabitants appreciate economy, and how - ecology?

For this purpose, aresult survey has been conducted, in which 153 respond-
ents participated. The survey consisted of 13 or 14 questions (the number of
questions depended on the kind of reply a person gave). All questions were
a single choice and replies were given in the Internet application form by means
of a computer or a phone.

The first question concerned a kind of building in which a person lives and
there were 3 answers to choose. The surveyed responses have been presented
on the 1 figure.

Figure 1. A frequency of given replies on a question 1

In what type of building do you live?

u Tenement house
48.37%

37.91% A block of flats or a skyscraper

Single-family house (detached or
terraced)

Source:own elaboration.
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Figure 2. The frequency of responses given on a question 2

What is the main source of heating in your Geothermal heating
home in the winter season?

1 Central heating from a combined
heat and power plant

14.38% 1.96%

u Coal boiler

M Electric heating

Fireplace on wood

1 Furnace for heating oil

M Furnace powered by natural gas
or LPG

4.58%
B The eco-pea furnace

Source:own elaboration.

In the analysed group nearly 38% of respondents live in blocks of flats or
high- rise buildings, so these are buildings which from the point of view of the
mentioned problem are less important because probably most of them are
heated by the heat from a municipal electrical power and heating plant. As are-
sult, they do not have influence on the utilized heating source. The other group,
however, consist of the dwellers of tenement houses and single-family houses
which responses will probably be the main subject of analysis.

The further question (no. 2) concerned the currently used basic heating
source in the winter time. In this case there has occurred a remarkable differ-
entiation presented on the figure 2.
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Figure 3. Frequency of responses on question 2 for the dwellers
of block of flats and high rise buildings

What is the main source of heating in your home in the winter season?
In what type of building do you live?: A block of flats or a skyscraper

1L72% 5.17% 3.45%
. (]

H Central heating from
a combined heat and power
plant

[ Electric heating

M Furnace for heating oil

M Furnace powered by natural
89.66% gas or LPG

Source:own elaboration.

In this point, it is worth combining heating source with a place of living. The
data structure concerning of the utilized heating source have been presented
on the figure 3-5. Concluding from the presented data, in accordance with the
suspects, the dwellers of block of flats and high rise blocks only in a small de-
gree (about 10%) used their own heating sources on which modernization they
could have an influence. In case of a single-family house there appears a re-
markably bigger differentiation. It is important to mention that over % houses
is still heated by non-ecological coal boilers. In addition, as a consequence of
heating fireplaces with wood, there appear about 38% harmful and ineffective
heating sources. The percentage can be even higher because a part of furnaces
can be outdated and do not fulfil emission standards.
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Figure 4. The frequency of answers on question 2 for the dwellers
of single-family houses

What is the main source of heating in your home in the winter season?
In what type of building do you live?: Single family house (detached or terraced)

B Geothermal heating
4.05% 2.70%
28.38% 1 Central heating from a combined
heat and power plant
M Coal boiler

M Electric heating
Fireplace on wood
w Furnace for heating oil
M Furnace powered by natural gas or

LPG
M The eco-pea furnace

Source:own elaboration.

Figure 5. The frequency of answers on a question 2 for the dwellers
of tenement houses

What is the main source of heating in your home in the winter season?

- -
In what type of building do you live?: Tenement house B Central heating from a combined

4.76% 4.76% heat and power plant
[ Coal boiler
M Electric heating
M Fireplace on wood
Furnace for heating oil
i Furnace powered by natural gas or

LPG
M The eco-pea furnace

Source:own elaboration.
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Figure 6. Frequencies of answers to question 3 depending on the place of residence

In what type of building do you live?

25.00%
20.26%

20.00% 18.30% B Tenement house
15.00% 13.07% 08
by 10.4 A block of flats or
9 o

10.00% 5% 9.15% a skyscraper

5.00% 1.96% 2.61% 1.96% 2.61% m Single-family house

’ 0.65% (detached or terraced)
0.00% — = L
1 2 3 4 5

On a scale of 1 to 5, how much attention do you pay for expenses incurred on heating?

Source:own elaboration.

Question 3 concerned the subjective assessment of the respondent, about
how much importance he attached to the expenditure for heating (on a scale of
1 to 5). When analyzing the answers, it is worth looking at the obtained data
depending on how the respondent answered in question 1 and 2. The relevant
relationships are presented in figure 6 and 7.

First of all, you can notice a clear left side skew of the presented distribu-
tion, which takes place regardless of the type of place of residence. It is worth
noting that much more expenditures are sought for by residents of houses and
tenement houses, that is, buildings in which they themselves decide about the
source of heat. These conclusions are also confirmed by the analysis of respons-
es to the available heat sources. People using heating from combined heat and
power plants (the most popular in blocks and high-rise buildings) showed some
tendency to lower interest in their expenses than other respondents.

Persons who indicated the greatest interest in the expenses incurred are
mainly people using central heating. In the second place, there are people using
coal boilers and natural gas furnaces (5.88% of all respondents). The remain-
ing types of furnaces are used by a much smaller number of respondents who
chose the answer with a weight of 5.
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Figure 7. Frequencies of answers to question 3
depending on the heating source

What is the main source of heating in your home in the winter season?

14.00% 13.07% B Geothermal heating
12.00% 11.11% Central heating from
a combined heat and power
10.00% planltb i
8.50% m Coal boiler
8.00%
6.54% M Electric heating
5.88% 5.88%5.88%
6.00%
4.58% Fireplace on wood
3.92% 39 92%3.92%
4.00% 3.27%
1.96% Furnace for heating oil
2.00% 1.31%1.31% 1% 1% 131% 1.3
%
0‘ B Furnace powered by natural
0.00% gasor LPG

1

On a scale of 1 to 5, how much attention do you pay W The eco-pea furnace

for expenses incurred on heating?

Source:own elaboration.

Figure 8. Frequencies of answers to question 4
depending on the place of residence

In what type of building do you live?

B Tenement house

20.00% 17.65% 17.65%
15.00% 5% 1438
R 10.46% A block of flats or
10.00% o 5.88% 5.23% a skyscraper
5.00% . 65°/1 31% 0. 65% 131% 1.96% ..92 M Single-family house
0.00% — (detached or terraced)
1 2

On a scale of 1 to 5, how do you assess your current heating expenses for your place of residence?

Source:own elaboration.
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Table 1. Descriptive statistics of the answers from questions 3 and 4

Question. 3 Question. 4
Significant observations 153 153
' Data shortages (1] 0

Average BI95 3.67
Median 4.00 4.00
Dominant 4 4
Standard deviation .930 924
Skewness -739 -.368
Standard error of skewness .196 196
Kurtosis 476 .027
Standard kurtosis error .390 .390

Source:own elaboration.

Question 4 concerned the assessment on a scale of 1 to 5 of the subjective
feeling of the burden of expenses currently incurred. In this case, the distribu-
tion of responses is similar to the distribution from question 3 discussed above.
With the difference that the observed left skewness of the distribution shows
a slightly lower strength. Graphic observations confirm the calculated values
of skewness and kurtosis, whose values for questions 3 and 4 are presented in
table 1.

In relation to the heat sources owned, the answers were more diversified
than in the previous question. Most often, at moderate or high level, people
with central heating set their expenses, similarly as in question 3, such large
amounts result from the structure of the surveyed group, about 36% of re-
spondents lived in blocks and had this type of heating. Among the rest of the
respondents at a very high level, most often the owners of coal boilers posi-
tioned their expenses (less than 4% of the total answer, which is about 24% of
all those who considered their expenses very high), and the owners of oil fur-
naces ranked third. fuel. In case of a high level of expenditure (again exclud-
ing people with central heating), the most numerous groups were people who
heated with natural gas (5.88% of total waste), as well as wood burning stoves
and eco-pea kiln stoves. Among the heating sources considered to be non-or-
ganic in a moderate way, coal boiler owners most often assessed their expens-
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es. Interestingly, almost half of them (about 47%) consider their expenses to
be moderate or low. The owners of fireplaces on wood most definitely esti-
mate their expenses, in their case the high level was most often chosen (about
40%), the remaining people considered spending as moderate (about 30%) or
very high (about 15.5%). Quite a similar distribution of responses as in case
of wood-burning fireplace owners occurred among people using gas heating
(except that the division between moderate and high expenditures spread
evenly), as well as electric heating. In case of heating oil, the responses from
moderate to very high levels were on the same level. The dominant feature of
people using eco-pea Kiln furnaces was moderate (45.48%), at the high level,
31.85% of respondents defined their expenditures, and very high - around
18%. What is interesting, however, is the fact that only single people chose the
answer from the range of expenses from very low to low. This may result from
the treatment of expenses as a “necessary evil”, then people who perceive their
expenses may have a tendency not to recognize them as low, regardless of the
amount they would be.

Figure 9. Frequencies of answers to question 4
depending on the heating source

What is the main source of heating in your home in the winter season? B Geothermal heating

16.00% Central heating from
13.73% 13.73% a combined heat and power
10/
14.00% glant )
12.00% m Coal boiler
B (]
10.00% M Electric heating
10,
8.00% 6:54% 5.88% | d
o Fireplace on woo
5.23%
6.00% ° s
4.00% 3.27% F% "B 22%3 7% 1 Furnace for heating oil
1.31% 1.31% 17 %2 ‘B
10, 0 0 0
2.00% ) ecor 0.65% 0.65%0.65
0.00% - M Furnace powered by natural
B 0

gas or LPG
1 5

Onascaleof 1to 5, how do you assess your current heatlng
expenses for your place of residence?

M The eco-pea furnace

Source:own elaboration.
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According to the data presented in figure 10, among the respondents 41.18%
consider changing the current heating system in their place of residence.
This group consists primarily of residents of single-family homes (55.56%).
A smaller proportion are the residents of blocks (23.80%) and tenement hous-
es (20.64%). In case of those unwilling to change, the majority are people living
in blocks of flats / skyscrapers (which is understandable due to the possibility
of introducing modifications). Analyzing the responses by place of residence,
it can be seen that 61.91% of tenement dwellers are considering changing the
heating source, 47.3% of single-family dwellers and 25.86% of people living in
blocks of flats / skyscrapers.

Figure 10. Frequencies of answers to question 5 depending
on the place of residence

In what type of building do you live?

30.00% 28.10%
25.49%
25.00% 22.88%
20.00%
B Tenement house
15.00%
9.80% A block of flats or a skyscraper
10.00% 8.50%
5.23% m Single-family house (detached or
5.00% . terraced)
0.00%
No Yes

Do you consider changing the current method of heating?

Source:own elaboration.

The most numerous group considering changing the current source of heat-
ing are owners of wood-burning fireplaces - 76.94% of them declare the will to
change. The second place is occupied by people with fuel oil furnaces - 61.53%,
and third persons with coal boilers - 52.37%. It is worth noting in this place
that only about half of the non-organic, but relatively cheap owners in the pur-
chase of coal-fired boilers declare their willingness to replace them and replace
them with an alternative source of heat (figure 11).



42 Maciej Chodzinski

Figure 11. Frequencies of answers to question 5 depending
on the heating source

What is the main source of heating in your home in the winter season?
B Geothermal heating

30.00%
2549% Central heating from
25.00% a combined heat and power
plant
m Coal boiler
20.00%
M Electric heating
15.00%
Fireplace on wood
9
0005 9.80% 10.46%
10.00%
° 7.849 7.19%
6.54% 7 6.54% Furnace for heating oil
5.23%
5.00% 3.279 4.58% 4.58%
1% : F d b |
1.31% 96% M Furnace powered by natura
0.65% gas or LPG
0.00% L —
No Yes M The eco-pea furnace

Do you consider changing the current method of heating?

Source:own elaboration.

Figure 12. Frequencies of answers to question 6 depending
on the place of residence

In what type of building do you live?

35.00% 32.03%
30.00%
Tenement house
25.00%
20.00% 16.34% m A block of flats or a skyscraper
15.00%
10.00% M Single-family house (detached or
terraced)
5.00%
0.00%

No Yes

Would you be willing to spend more money exchanging the heating source only
because it is less harmful to the environment?

Source:own elaboration.
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From among respondents, the vast majority (about 67.98%) expressed their
readiness to allocate a larger sum of money to a source of heat, which would
differ only in additional ecological benefits. Similar proportions occurred irre-
spective of the person’s place of residence. Inhabitants of single-family homes
responded affirmatively in 66.21% of cases, residents of apartment buildings
in 76.18% (in this case, however, it is a relatively small sample, compared to
the total number of respondents), and residents of blocks and high-rise build-
ings in 67.24%. It is also worth noting that the structure of persons who an-
swered in the affirmative as well as negative, because of their place of resi-
dence, does not differ significantly from the structure of all surveyed people
presented more quickly on figure 1. In case of a negative response, it amounts
to 38.78% - residents of blocks, 51.01% - dwellers of houses, 10.21% - dwellers
of tenement houses, and for the affirmative answer it was 37.50%, 47.12% and
15.39%, respectively. Deviations from the general structure do not reach more
than around 5%. It can therefore be suspected that the place of residence does
not significantly affect the individual’s approach to the problems of air pollu-
tion associated with the combustion of fuels for the purpose of heating homes.

Figure 13. Frequencies of answers to question 6 depending
on the heating source

B Geothermal heating
What is the main source of heating in your home in the winter season?

Central heating from
a combined heat and power

25.00% 23.53%
plant
W Coal boiler
20.00%
M Electric heating
15.00%
12.42% ,
Fireplace on wood
10.00% AT 5% 8.50%
6.54% 7.84% 6.54% Furnace for heating oil
5 005 4.58% 58% | 2.88%
.00%
1.96% m Furnace powered by natural
0.65%
. - gas or LPG
0.00%
No Yes B The eco-pea furnace

Would you be willing to spend more money exchangging the heating
source only because it is less harmful to the environment?

Source:own elaboration.
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The respondents who answered question 6 in question 6 were representing
users of all types of heating sources. From the point of view of the analysis of
the next question, it is worth emphasizing that about 5% of people using coal-
fired boilers or wood-burning fireplaces were negative. A negative answer was
also given by over half of the owners of eco-pea coal furnaces and gas-fired fur-
naces. This group is made up of people who are mainly driven by economic con-
siderations, but they have already modernized. From the point of view of reduc-
ing pollution in the future, the most important group is about 5%, still having
obsolete heating sources, and categorically refusing to allocate any additional
funds solely for ecology.

People who declared willingness to allocate more funds for additional eco-
logical qualities of the purchased furnace were asked a question, consisting in
determining in the range how much money they are willing to earmark for such
a purpose. The answers received for this question are presented in figure 14.

Figure 14. Frequencies of answers to question 7 depending
on the place of residence

In what type of building do you live?

261k M Single-family
Over 7000 PLN more e 2.61% house (detached
or terraced)

From 6001 to 7000 PLN more W 0.65%

———
From 5001 to 6000 PLN more o oo e

11.11%

From 4001 to 5000 PLN more A block of flats or

a skyscraper

—— 3.27%

P 4.58% N
From 3001 to 4000 PLN more 3.90% 9.15%

— 2.?1%

From 2001 to 3000 PLN more 27%

P 3.92%
From 1001 to 2000 PLN more . 1.96%

P 3.92%

Below 1000 PLN %
elow more | s 7.19%

9
Not answered on this question ﬂ 16.34%

I 3.27%

m Tenement house

When buying a new heating source, how much would
you be ready to pay extra for its ecological values (eg
less air pollution with solid particles), relative to a
comparable, but less ecological equivalent with a
similar heating power (eg cheap coal boil)

0.00% 5.00% 10.00% 15.00% 20.00%

Source:own elaboration.
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Figure 15. Frequencies of answers to question 7 depending
on the heating source

What is the main source of heating in your home in the winter season? ~ The eco-pea furnace

> o
T = €
®© o
E 2 § Over 7000 PLN more 1.96% m Furnace powered by

£ 2
-2 E ug)_= =0.65% natural gas or LPG
28328 From 6001 to 7000 PLN more
3 % Eﬂ g -=0.65% Furnace for heating oil
Z2%¢% From 5001 to 6000 PLN more
S ® .
22 25 - ’ 2619

=2 & =L é'SS% Fireplace on wood
Zws < From 4001 to 5000 PLN more  gm5%5, 5,2,61% p
<l - 3.92%
g¢s= 2.61%
o o o
s5e¢c¢e From 3001 to 4000 PLN more mmmm ~ 1.96%
2 % e 9.15% W Electric heating
w3 ER
¥ o
=882 From 2001 to 3000 PLN more ~_0.65%__
29385 1969679
H ; § £ . 1001 £ 2000 PLN m0.65% M Coal boiler
cT 352 rom to more %.3.27%
588 s S essi Lo
S$E53 Elal 61%
3 3:1 %3, Below 1000 PLN more -&Eisg/“s% 4.58% Central heating from
T RE N 0434% a combined heat and
< ©
2809 Not answered on this question 0.65% o 6.54% power plant

— 5 8% 12.42%
m Geothermal heating
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Source:own elaboration.

The first set of bars, from the bottom of the figure, without a description,
presents the distribution of places of residence of people who negatively an-
swered the previous question and therefore did not give any answer in ques-
tion 7. The percentage division is in this case the same as the one discussed at
figure 12. In case people willing to spend additional funds, constituting a group
of 104 respondents, the most common answer is between 4 and 5 thousand.
Golden. The range between 3 and 4 thousand turned out to be slightly less pop-
ular. Golden. With the increase in the amount above 5,000 the number of peo-
ple ready to incur such significant expenses is drastically decreasing. In the
analyzed research sample, about 12.5% of respondents declared their readi-
ness to use less than PLN 1,000, which in practice means that they are not able
to implement ecological investments in their homes in practice, because it is
too small to allow the purchase of really friendlier ones. solution environment.

Analysing the figure, it can also be seen that there are clearly more people
able to spend in single-family houses, which may be due to the higher level of
affluence of such people or greater awareness resulting from the need to heat
their own home. For none of the presented response intervals, the ratio simi-
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lar to the initial structure of the place of residence of the general respondents
is not kept.

Responses to the question asked by respondents may also be presented de-
pending on the heating source they have in accordance with figure 15.

As in case of the division into the place of residence, the lowest category
presents the structure of heating sources for people who do not wish to spend
an additional sum of money on the increased ecological values of the heating
source. This group was discussed in the analysis of figure 13, so this section
will not be discussed in more detail.

Looking at the incidence rates of individual heating sources for specific re-
sponse intervals, it is difficult to notice any clear trend. One can risk a statement
that people using central heating dominate in lower ranges, while higher com-
partments are the domain of other heating sources. In addition, it can also be
noted that the lower the range, the more predominant the less ecological solu-
tions, such as coal boilers. Such a distribution of responses may be related to the
economic situation of the given groups of respondents. Because of their funds,
they may be more reluctant to incur unnecessary additional expenses. However,
these dependencies should be verified in detail in the further part of the analysis.

154 people participated in the survey, of which 39.22% were male and
60.78% were women. The age of the respondents was varied, and the largest
group were people aged 21-25, the next age groups show a sharp decline, up
to the age range of people aged 31-35. Then the numbers gradually increase,
reaching the local maximum for the age of 56-60 years. These dependencies
are depicted in figure 16.

Figure 16. Frequency of answers to question 9

How old are you?

40.00% 37.25%

30.00%

20.00% 16.99%

9.80% 10.46% 11.76%

10.00% 4.58% 5.23%
0.65% . g . [ |
0.00% ——— —

16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 Over 60

Source:own elaboration.
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The education of the surveyed people ranged from the upper to the medi-
um one to the professional one. People with higher education accounted for
60.13%, and 35.95% had secondary education, and 3.92% had vocational edu-
cation.

Figure 17. Frequency of answers to question 11

Number of people co-creating the household

35.00% 32.68%
30.079
30.00% ’
25.00% 2157%
20.00%
15.00%
10.00% 9
° o 7A%% 5.88%
5.00%
I l 1.31% 0.65% 0.65%
0.00% [ | — —
1 2 3 4 5 6 7 20

Source:own elaboration.

In case of the number of people co-creating households, respondents domi-
nate two- and three-person households, as shown in figure 17. Slightly fewer
were households made up of 4 people. The remaining variants are character-
ized by marginal numbers. However, there is a clear right-side obliquity present
in this question.

The income of the respondents was on average relatively high, moreover,
the largest group constituting over 30% of respondents were people earning
an average of over PLN 3,000 per head in a household. The second most popular
income ranges from 1501 to 2000 PLN and from 2501 to 3000 PLN. This distri-
bution is shown in figure 18.
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Figure 18. Frequencies of answers to question 12

Average income per person in a household

30.07%
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1.96% .
-
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Source:own elaboration.

The survey was addressed mainly to the residents of the two largest cit-
ies of the Kuyavian-Pomeranian Voivodeship - Bydgoszcz and Torun, and their
neighborhoods, and therefore, according to conjecture, the largest proportion
of respondents are people residing in the countryside and in a city of 200,000
to 500,000. residents. The remaining types of towns constitute a much smaller

percentage, which is shown in figure 19.
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Figure 19. Frequencies of answers to question 13

Place of residence

1.96% 2.61%

Source:own elaboration.

B Town from 100 to 200 thousand
residents

i Town from 200 to 500 thousand
residents

B Town from 50 to 100 thousand
residents

M City over 500,000 residents

Town from 10 to 50 thousand
residents

1 Town up to 10,000 residents

m Village

The results obtained from the questionnaire in case of questions from 3

to 13 can be analyzed using the correlation analysis between individual an-

swers, giving the appropriate rank given by the respondents to the answers.

The information thus processed was then used to calculate the Spearman

rank correlation coefficient. The results of the calculations are summarized

in table 2.
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According to the obtained results of Spearman’s correlation coefficients,
a significant correlation at the 1% significance level can be observed between
the weight that the surveyed person attaches to heating expenses and the level
at which he assesses the amount of expenditure incurred. It can therefore be
noted that people who declare that they pay more attention to the heating costs
they incur more often regard their expenses as higher.

An important correlation can also be noticed between the importance at-
tached to expenditure (question 3) and the sense of the amount of costs gen-
erated by the heating system used (question 4) and the declared willingness
to readiness to change the current heating system (question 5). This correla-
tion is economically justified, because in a situation when a given person thinks
that he or she incurs excessive costs and pays considerable attention to them,
sooner or later he / she will start looking for solutions that would enable them
to lower them.

In case of the question about the readiness of the respondent to incur high-
er expenses by the respondent for a new source of heating due to its ecological
values (question 6), the answers provided (similarly as in the other cases dis-
cussed so far) show a significant correlation at the level of 1% of significance
with the fact whether the person is considering or not considering changing the
heat source. It is also worth noting that at a significance level equal to 5%, the
correlation between the answers given to the said question 6 and the respond-
ent’s level of heating spending is also significant.

Similar behaviour of indicators was observed for question pairs 4 and 7 and
5 and 7. In this case, however, the calculated values for both pairs are signifi-
cant at the 1% significance level. It can therefore be stated that the respond-
ents, convinced of incurring too high heating costs, as well as declaring their
willingness to replace the current heating system, more often declared higher
amounts that they are willing to invest in modernizing furnaces.

In the sample examined, age played a very important factor showing links
with almost all issues raised in the questionnaire. Correlation coefficients
are relevant to all questions except question 13 on the size of the town where
the respondent lives. In other cases, it can be concluded that there are posi-
tive relationships between age and perception of expenditure, sense of their
significance in the budget, readiness to change the heating system, the sum
the respondent is willing to allocate for this purpose, and average income per
member of the household. These dependencies may be justified, as with age
people generally increase their earnings, possessions, and pay more attention
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to expenses incurred. However, negative correlations can be noticed between
the age of the respondent and education and the number of people co-creating
the household. The reason for the occurrence of the first is probably the lower
popularity of studying in the last century, when secondary or technical educa-
tion was higher than higher. The number of people co-creating the household
along with the respondent’s age may decrease due to the gradual removal of the
raised children after they reach a mature age.

The education of the surveyed persons (question 10) shows a negative cor-
relation to the declared willingness to change the heating method (question 5),
the desire to add extra money in exchange for increased ecological values (ques-
tion 6), as well as the feeling of being burdened with heating expenses (ques-
tion 4). Nevertheless, it should be noted that the observed relationships are
much weaker than those discussed earlier, because their significance reaches
only 5% (except for question 5, for which the significance is 1%). In addition,
the education of respondents shows a weak positive correlation (0.160), signifi-
cant at 5% with the number of people forming a household.

The average income per capita in the respondents’ households is character-
ized by a significant correlation with almost all other responses provided in the
questionnaire (except for question 3 about how much attention the respondent
draws on expenses for heating and question 13 about the place of residence of
the examined person). Other areas related to the feeling of spending, willing-
ness to modernize, readiness to devote additional funds to this purpose, as well
as the age of the respondent, show a significant 1% positive correlation rang-
ing from 0.284 to even 0.642. In case of the level of education and the number
of household members, a negative correlation of -0.160 (for the level of signifi-
cance of 5%) and -0.281 (for the significance level of 1%) can be observed. It can
be concluded on this basis that a very strong relationship with the decisions
made regarding heating expenses and the problem of ecology of the heat sourc-
es used has the level of a person’s income. This means that for respondents in
this type of election over ecology, above all the economic aspect is what mat-
ters, and ecology is not necessarily treated as a superior value.

The size of the place of residence does not show too many correlation links
with other questions raised in the survey. A weak negative correlation was ob-
tained for question 3 and stronger (on the significance level of 1%) - for the
question regarding the number of household members.
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Chi-square tests can not be used for the obtained data, because for individ-
ual pairs of questions, the number of expected cells is less than 5 in over 20%
of them, which excludes the possibility of reliable results for this test. Combin-
ing the response intervals for most questions is not possible due to their na-
ture, and as a result of the study, no more completed questionnaire forms were
obtained. For this reason, correlation analysis has been limited only to Spear-
man'’s correlation coefficient. For example, in tables 3 and 4, the results of the
chi-square test for exemplary two pairs of questions were included.

Table 3. Chi-square test results for questions 7 and 12

Chi-square test
Value df Asymptotic significance (two-sided)
Pearson’s chi-square 89.730° 42 .000
Likelihood ratio 91.906 42 .000
Linear dependence test 20.624 1 .000
N number of significant observations 104

291.1% of cells (51) have expected numbers less than 5. The minimum expected number is .02.

Source:own elaboration.

Table 4. Chi-square test results for questions 4 and 12

Chi-square test
Value df Asymptotic significance (two-sided)
Pearson’s chi-square 13.682° 8 .090
Likelihood ratio 15.427 8 .051
Line relationship test 6.739 1 .009
N number of significant observations 153

2 53.3% of cells (8) have expected numbers less than 5. The minimum expected number is.12.

Source:own elaboration.

On the other hand, the collected results can also be analysed by Cronbach’s
alpha test, the results of which are presented in table 5.
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Table 5. Cronbach’s alpha test

Reliability statistics
Cronbach’s alpha number of positions
.614 5
The average . . Cronbach’s
Scale variance Correlation
of the scale . L alpha after
. after removing of positions .
after removing the item Total removing
the item the item
On a scale of 1to 5, how much attention 13.58 13.101 194 .629
do you pay for heating expenses?
On ascale of 1to 5, how do you assess 13.82 11.277 446 .536
your current heating expenses for your
place of residence?
Do you consider changing the current 17.02 12.602 .626 .549
method of heating?
When buying a new heating source, 13.91 7.653 413 .568
how much would you be ready to pay
extra for its ecological values (eg less air
pollution with solid particles), relative to
a comparable, but less ecological equ-
ivalent with a similar heating power (eg
cheap coal boiler)?
Average income per person in a house- 12.02 8.213 484 492
hold

Source:own elaboration.

The Cronbach’s alpha factor for the presented pool of questions, assessing
the perception of the necessity to incur financial expenses for environmental
protection, is at the level of 0.614, which indicates a moderate reliability of the
conducted test. It is worth noting, however, that in this case the obtained re-
sults may be characterized by a relatively high error as a result of a significant
reduction of the sample range, reaching only 68% of the sample, which is pre-
sented in table 6. An additional effect on the Cronbach’s alpha test result is cer-
tainly a relatively small amount questions examining a particular behaviour or
characteristic. The presented question in table 5 relate to the tendency to bear
outlays on ecology and the awareness of the respondents about the necessity
of incurring such expenses in the interest of the natural environment in a rela-
tively broad sense.
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Table 6. Information about the analysed data

N %

Observations Significant 104 68.0
Excluded? 49 32.0

Total 153 100.0

2Removal of observations due to all variables in the analysis.

Source:own elaboration.

[ | CONCLUSION

The decision, making process to modernize the heating source used in the
household is a complex process. Similarly, as in case of all investment decisions,
itsresultis influenced by many factors, both economic and moral, and the sense
of responsibility for the surrounding nature is also important.

Among the participants of the study, slightly less than half expressed in the
present conditions the desire to modernize the heat source being used, and in
the negative group the majority did not use outdated and the most environ-
mentally harmful coal boilers or wood-burning fireplaces or fuel oil stoves.

Based on the results of the study, it can be noted that ecology for about 2/3
of respondents is not indifferent, because more or less such a percentage de-
clares readiness to incur additional expenses only to increase ecological values
of the investment object. Problems begin when estimating how high these peo-
ple value the value of ecological solutions. It turns out that a large part of the
respondents (about 18% of those who declare the will to incur additional ex-
penditure on ecology) are ready to allocate modest amounts (up to a thousand
zlotys) that can not really translate into a real increase in the environmental
parameters of the purchased device, even taking into account current levels of
funding on the part of local governments. This group of theoretically question-
naires is ready to allocate some funds for ecology, but it requires almost equal-
ling the costs of purchasing greener solutions with the purchase costs of alter-
native, cheapest available forms of heating on the market.

In assessing the value of a heating source for a potential buyer, economic
advantages play a key role in a large group of respondents. Correlation analy-
sis of the received responses showed very important links between the level of
average earnings, the sense of the burden of heating expenses for the place of
residence, and the amount the person is willing to spend on additional ecologi-
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cal qualities of the modernized heating source. The significance of economic as-
pects is also confirmed by the lack of correlation between the level of declared
additional expenses for ecological benefits and the level of education of the sur-
veyed person. Among the potential non-financial factors, only age showed some
correlation with declared additional expenses. However, it may be due to the
fact that people over the years receive higher income (which is confirmed by
avery strong correlation at the level of 0.642 between age and average income
per capita in a household), and increased income is already an economic factor.
Due to the dominance of economic factors, in order to guarantee the im-
provement of the quality of air in cities being the subject of the study, currently
adopted programs co-financing the modernization of obsolete heating sources
can be considered as an appropriate and effective action. Nevertheless, in or-
der to ensure complete elimination of harmful furnaces, due to the declared
amounts by some of the respondents, one should strive to reduce the price of
ecological solutions or introduce regulations that would further reduce the
price difference between ecological and traditional - more harmful solutions.
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