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ABSTRACT: Implementing energy transformation through the goal of the more extensive use of renewable

energy sources is one of the key tasks on the road to slowing adverse climate change. The pace of
this transformation is dependent on both the political decisions and social support for the imple-
mented changes. The indicator of the aforementioned support is the Willingness to Pay for Renew-
able Energy Sources (WTP) declared by residents. The increase of the WTP value influences a more
rapid and wider substitution of non-renewable energy sources with renewable energy sources. The
goal of this paper is to analyze the determinants of the WTP indicator on the example of residents of
Krakéw and their perception of the actions aimed at reducing the level of environmental pollution.
Research is based on a survey performed on a representative sample of 393 residents of Krakow,
Poland. In the surveyed group of residents, the average monthly willingness to pay more for renew-
able energy was PLN 83.7, i.e. approx. USD 21.47. The WTP differs in a statistically significant
manner depending on the type of housing in which the respondents reside. On average, the residents
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of detached houses or terraced housing declared the WTP value twice as high as the WTP value
declared by the residents of apartment buildings or tenement houses.

KEeyworbps: willingness to pay, energy transformation, eco-friendly attitudes, energy policy

Introduction

The influence of greenhouse gases, which are produced mainly by burning fossil fuels, on
Earth’s warming climate stimulates the need for undertaking decisive restorative actions in this
area (Hertzberg et al. 2017; Lu 2017). In the majority of instances, renewable energy is more
expensive than the energy from non-renewable sources, the development of the former requires
co-financing (Shen et al. 2020). The Willingness to Pay for Renewable Energy Sources (WTP)
is utilized as a synthetic indicator of the social acceptance for this type of actions. Obviously, in
order to achieve meaningful change, like in other countries, support at the level of the national
government is necessary (Hess and Gentry 2019). The residents of Krakéw, Poland, were chosen
as the group covered with the interview survey concerning WTP and residents’ opinion on the
subject of the undertaken actions aimed at improving the city’s air quality and other ecological
issues. The choice was due to the fact that the solutions regarding the above-mentioned issues,
the first in the entire nation, were introduced in Krakéw. The contingent valuation method used
in the studies is the most frequently used research method for assessing the WTP in developed
economies (Oerlemans et al. 2016).

1. Background

WTP — a definition

The WTP is the amount which households are willing to additionally pay per month over the
price of energy they are currently paying. The increase of the WTP value influences the more
rapid and wider substitution of non-renewable energy sources with renewable energy sources
(RES). The resulting decrease in greenhouse gas emissions reduces the rate of climate change
and decarbonizing electricity generation is the key component for cost-effective support of this
process (IPCC 2014).

The WTP may be treated as an indicator describing the support for energy transformation
and, despite the fact that it refers to a declaration, by merit of indicating actual sums, it can be
treated as more credible than any other, generic expressions of support. The pressure for conver-
ting to renewable energy sources is further magnified by the nearly 50% increase in world energy
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consumption in the period of 2018-2050, forecast by the U.S. Energy Information Administra-
tion (EIA 2019). Taking climate change occurring currently into consideration, which is related
to the level of energy consumption and its current production structure, it seems that the present
model is impossible to maintain without the threat of irreversible climate change (Hertzberg
et al. 2017). However, the WTP is only a support indicator for energy transformation whereas
delivering effects in this area and stopping climate change requires taking simultaneous actions
at the government level concerning energy saving strategies and mitigation measures for green-
house gas emissions (Halkos and Gkampoura 2020). Public administration, operating under the
neo-weberian paradigm, through analyzing the WTP level (Mamica 2018), has an opportunity
to more efficiently expend public funds on supporting sustainable energy, which should not sup-
plant declared private funding.

The WTP should also be treated as a sign for policymakers establishing the premises of
energy policy concerning social consent for the rate and costs of the implemented energy trans-
formation. The development of the Renewable Energy Sources (RES) sector still requires public
funding assistance, which can take place with support from public opinion. Owing to the con-
tinuously decreasing costs of producing energy from renewable sources, including the fastest
decreasing costs of producing energy through the use of solar photovoltaics (Trancik and Cross-
-Call 2013; Comello et al. 2018), the declared WTP may translate into faster achievement of the
established goals of energy policy. Opinions already exist that the current solar photovoltaics and
wind technologies are cost-competitive in relation to traditional methods of energy production
based on non-renewable energy sources (Ray 2019).

A similar function of monitoring the support for development of RES is served by the “wil-
lingness to accept” (WTA) the expected rates of return indicator related to participation in com-
munity-based renewable energy projects. The research in this field conducted in South Korea
showed that even if people give RES-related investments preferential treatment, they may protest
the locating of renewable energy power plants in their neighborhood (Woo et al. 2019). In order
to estimate the support for actions in the field of limiting climate change, apart from the WTP
for green energy, the willingness-to-pay and willingness-to-accept negative externalities and out-
comes of the carbon capture and storage indicators are also being used (Kashintseva et al. 2018).

The WTP value

A meta-analysis covering 30 studies from 13 countries published on or after the year 2000,
indicated inconsistencies in the value of this indicator (the standardized monthly WTP in USD)
with the difference between the lowest and the highest value of this indicator being more than
USD 53 and the average WTP being USD 7.16 (Soon and Ahmad 2015). Among the three con-
tinents where analyzed countries were located, the highest average WTP was noted in the US —
USD 11.14, Europe — USD 6.80 and Asia — USD 2.28. The highest WTP value in the amount of
USD 52.38 was displayed in the studies performed in the US (Li et al. 2009) and the lowest, in
the negative — USD —0.37, in Norway (Navrud and Braten 2007).

The negative value of WTP may be the result of various factors. For instance, in the group
of Beijing residents covered by the studies 46% of respondents declared a negative WTP for
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renewable electricity, providing the following reasons, in order: low income, the belief that the
government should be responsible for the issue and the lack of faith that money will be used
for reaching this very goal (Guo et al. 2014). In the case of consumers not displaying sufficient
willingness to pay for green energy, public funding should be used for the development of these
technologies (Bigerna and Polinori 2014). The negative WTP value can also be interpreted as
the amount of subsidies, which would induce consumers to convert to the use of renewable ener-
gy sources. Campaigns showcasing the significance of renewable energy impact on alleviating
climate change increases the chances for WTP growing among the addressees of the campaign
(Zhang et al. 2019). However, the interpretation of study results should be approached with
caution, because for the US itself the differences in WTP fluctuate between USD 5.05 (Vossler
et al. 2003) to approximately USD 44 (Li et al. 2009). For Turkish households the mean value of
WTP for green electricity was estimated at the level of approximately USD 1 per month (Dogan
and Muhammad 2019). The willingness to pay more for the energy from renewable sources is
sometimes presented as a percentage. For instance, German electricity consumers have declared
the willingness to pay 16% more for the energy from renewable sources (Kaenzig et al. 2013).
In Korea consumers are willing to pay 15.6% more for the fuel containing 5% of bio-ethanol,
in comparison to conventional gasoline due to the role this type of fuel plays in mitigating
greenhouse gas emissions (Lim et al. 2017). In the event of supplanting the residential natural
gas, a fossil fuel which relies on imports, with renewable methane from bio-gas, the residents of
South Korea are willing to pay even 31.9% more (Kim et al. 2020).

The WTP can also be measured by posing questions concerning the willingness to pay for the
research on developing sustainable energy. For instance, Myanmar residents are willing to pay
an additional USD 1 per month per household for the research and development of solar energy
(Han and Cudjoe 2020). In turn, Beijing residents have declared the WTP per month for solar
energy research and development at the level of CNY 5.85 i.e. USD 0.8 (Jin et al. 2019). Re-
search on new renewable energy sources is significant not only due to the need for perfecting the
existing methods but also due to the need for developing entirely new and unusual sources such
as the algal feedstocks, which have a major chance of being used as a “drop-in” fuel (Levitan et
al. 2014).

The WTP — determinants and motifs

Consumers with strong environmental concerns are willing to pay a premium for renewable
fuels in order to reduce greenhouse gas emissions (Marra et al. 2012). The studies conducted
among the residents of the Netherlands indicated that the WTP indicator is associated with un-
derstanding and worry and this association is stronger when accompanied by hope (Pleeging et
al. 2020). The concerns related to the use of non-renewable energy sources are connected to the
adverse effect of air pollution on health (Tainio et al. 2020). The increase of the WTP for Renew-
able Energy Sources (RES) among the interviewed residents of Crete was influenced by high
family income and the size of residence, better access to the energy-related information and the
higher level of awareness concerning climate change (Zografakis et al. 2010). Also in the case of
the residents of Slovenia the WTP predominantly depends on household income but the willing-
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ness to participate in green electricity programs is influenced by the environmental awareness
and education (Zori¢ and Hrovatin 2012). Income was also the main factor that significantly
affected consumer WTP for green energy among the residents of Shanghai: the respondents with
medium-to-high level of income were willing to pay more for this type of energy (Vand et al.
2019). The importance of awareness for the differences in the declared WTP between American
and Asian households, based on conducted meta-analysis, is also indicated by Soon and Ahmad
(2015). The positive influence of income on the WTP is also confirmed by the studies conducted
among British society (Batley et al. 2001). However, in the case of the studies conducted among
the residents of Sweden, the support for sustainable renewable energy decreased along with age
and income (Ek 2005). WTP can be measured not only through the analysis of the declarations
concerning paying for energy in households, but also through the analysis of the number of peo-
ple staying in the hotels using renewable energy sources. As indicated by the survey conducted
among tourists staying in Crete, the strong, statistically significant factors that positively influen-
ce their willingness to pay for accommodation in a green hotel were, in particular, environmental
awareness and information distribution (Kostakis and Sardianou 2012). The factors determining
the WTP also include the knowledge related to energy issues and environmental concern (Li et
al. 2020; Cai et al. 2019). As displayed by the results of research conducted in China by Tianyu
and Meng (Tianyu and Meng 2020) higher education would increase both the WTP amount and
the incentive for environmental improvements.

For practical reasons, in research concerning the WTP, participants are not usually asked
about the sources for procurement of renewable energy, but this indicator varies depending on
such sources. The meta-regression analysis performed by Ma et al. (2015) indicated that people
are declaring significantly higher WTP for solar, wind or generic renewable energy sources than
for the energy produced from biomass or hydro-energy. In the case of certain energy sources,
a negative WTP may even be displayed, such as in the case resulting from the negative social
perception of nuclear power following the earthquake of March 11, 2011 in Japan, which led
to the catastrophe, which occurred in the Fukushima Daiichi nuclear power plant (Morita and
Managi 2015). This catastrophe is perceived as a factor indicating the need for intensifying the
development of renewable energy (Ertor-Akyazi et al. 2012; Zhu et al. 2016). As indicated by
the studies conducted in the US the level of WTP is also dependent on the payment method — it
is higher in the case of the collective payment method than in the case of the voluntary method
(Wiser 2007).

The energy from renewable sources constitutes a sort of impure public good (Kotchen 2006)
characterized by the joint production of an environmental public good (reduction of greenhouse
gas emissions) and a private good (individual consumption of electricity). The aforementioned
public good is non-excludable in character i.e. no one can be excluded from drawing benefits
from the pressure of climate change lessened through the reduction of greenhouse gas emissions.
Expecting such a reduction is one of the major motifs behind the WTP — research among Ameri-
can respondents indicated that they are willing to pay approximately USD 0.30 for a 1% decrease
in greenhouse gases emission (Sundt and Rehdanz 2015).
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2. Materials and methods

The interview survey was conducted on a randomly selected representative sample group of
393 residents of Krakow, Poland. Research in the form of direct interviews based on the prepa-
red survey questionnaire was conducted between October 2019 and March 2020. The study was
conducted in accordance with the Declaration of Helsinki of 1975 revised in 2013. The research
utilized the contingent valuation (CV) method in order to estimate the standard economic value
as the respondents’ willingness to pay for energy from renewable sources. This is the method
used the most frequently in order to establish the WTP (Sundt and Rehdanz 2015). The research
sample of residents was selected so as to correspond with the structure of types of housing in
Krakoéw (the adopted division covered the following types of housing: terraced housing, deta-
ched housing, tenement houses, low-rise apartment buildings with up to 4 floors, high-rise apart-
ment buildings with 5 or more floors). The survey was conducted with the objective of learn-
ing about the opinions of residents concerning conserving energy, the willingness to engage in
restorative actions and experienced adverse effects of occurring problems. The respondents were
in particular asked about their willingness to pay more for energy, if the energy would come from
renewable sources. Questions also concerned their willingness to undertake actions pertaining to
the conservation of energy or indicating the factors which were an obstacle to conserving energy.
A separate group of questions concerned the assessment of the results of the introduction of the
total ban on burning solid fuels in Krakow on the 15t of September 2019, as well as the experien-
ced health consequences of pollution, smog in particular.

The goal of the statistical analysis presented below was to indicate whether gender, the type
of housing, the percentage of income devoted to covering electricity bills, the problems with
covering electricity bills, the willingness to forgo using a car, the support for the ban on burning
solid fuels in Krakéw and in the nation, the actions taken in order to conserve energy and the
attitude towards the consumption and conservation of energy, are predictors for the WTP.

The linear regression analysis in the mixed model was used to analyze the presented hypothe-
sis. The declared supplementary payment for renewable energy was the dependent variable. All
the remaining variables were independent variables. In this manner, it was researched whether
these variables properly explained the declared supplementary payment amount for the energy
from a renewable source.

The result of the F test (14,374) = 4.84; p < 0,001 indicate that the model was statistical-
ly significant, ergo it properly demonstrated the variability of the analyzed dependent variable
(WTP). The detailed analysis indicated a statistically significant influence of the type of housing
and the fact of using energy-efficient appliances. In the case of the type of housing, the value of
the beta factor was —0.34. Respondents living in detached houses or terraced houses declared
a meaningfully higher amount of supplementary payment for the renewable energy than the re-
sidents of apartment buildings or tenement houses. The type of housing also influenced the WTP
for green electricity among the residents of the Shanghai region of China (Hast et al. 2015).
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TaBLE 1. Definitions and descriptive statistics of the dependent variables and the independent variables

TABELA 1. Definicje i statystyki opisowe zmiennej objasnianej oraz zmiennych objasniajacych

Declared supplementary
payment

Gender female = 1; male =2 393 1.41 0.49 1.00 2.00

Amount in PLN 393 83.32 | 116.80 | 0.00 | 750.00

a house = 1; block of flats/tenement

393 1.76 0.43 1.00 2.00
house = 2

Place of residence

below 18 years of age = 1; more than

60 years of age = 6 393 3.27 1.40 1.00 6.00

Age bracket

Electricity bills as

. percentage value 393 15.86 | 10.32 0.00 80.00
a percentage of income

strongly disagree = 1; disagree = 2;
undecided = 3; agree = 4; strongly 393 2.18 1.11 1.00 5.00
agree =5

Difficulties with covering
electricity bills

not applicable = 0; strongly disagree
= 1; disagree = 2; undecided = 3; 393 2.32 1.64 0.00 5.00
agree = 4; strongly agree =5

Willingness to forgo using
a car

strongly disagree = 1; disagree = 2;

Opinion on the ban on undecided = 3; agree = 4; strongly 393 3.89 1.02 1.00 5.00

burning solid fuels

agree =5
Support towards the natio- strongly disagree = 1; disagree = 2;
nal ban on burning solid undecided = 3; agree = 4; strongly 393 3.53 1.22 1.00 5.00
fuels agree =5
Use of energy-efficient no=0; yes = 1 393 | 054 | 050 | 000 | 1.00
appliances
Turning off light no=0;yes=1 393 0.85 0.36 0.00 1.00
Disconnecting chargers no=0; yes=1 393 0.50 0.50 0.00 1.00
Thermoregulation no=0;yes=1 393 0.29 0.45 0.00 1.00
Not opening windows in no =0; yes = 1 393 | 052 | 050 | 0.00 | 1.00

winter

Attitude towards the use and | no willingness to act = 0; willingness

. 393 0.57 0.50 0.00 1.00
conservation of energy toact=1

N — number; M — mean; SD — Standard Deviation; Min. — minimal value; Max. — maximum value.
Source: own study.

In the case of using energy-efficient appliances, the value of the beta factor was 0.17. Respon-
dents using energy-efficient appliances declared a meaningfully higher amount of supplementary
payment for the renewable energy than the people not using such appliances. The use of energy-
-efficient appliances is, on the one hand, a sign of a higher environmental awareness and, on the
other, requires possession of adequate financial assets.

The corrected conformity coefficient of the entire model was R2 = 0.11, which means that the
adopted model explained 11.0% of the variability of the declared supplementary payment. Thus,
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TABLE 2. Regression analysis results

TABELA 2. Wyniki analizy regresji

Designation SS SE 5} df B p
Model 815,569.52 14 484 | <0.001 ok
Gender (male — female) 23,4423 | 12.16 -0.03 1 0.20 0.657
Place of residence (a block of flats/ 440.338.68 | 1422 034 | 3709 | <0001 sk
a tenement house — a detached house)
Age bracket 27,110.36 | 4.61 -0.07 5 0.46 0.808
Electrlcny bills as a percentage of 5706 | 0.60 0.03 | 0.00 0.945
income
Q1ﬁicultles with covering electricity 2.580.98 5.56 —0.02 | 022 0.641
bills
Willingness to forgo using a car 7,265.46 | 3.79 0.04 1 0.61 0.435
Support towards the ban on burning 8791.84 | 735 | —0.05 1 0.74 | 0390
solid fuels in Krakow
Supp.ort towards a national ban on 570 | 5.90 0.01 1 0.00 0.983
burning solid fuels
Attitude towards the use and 1954 | 13.05 | 001 | 1 | 000 | 0.968
conservation of energy
Use of energy-efficient appliances 106,152.63 | 12.01 0.17 1 894 | 0003 | *
(yes — no)
Turning off light (yes — no) 10,983.36 | 16.46 0.06 1 0.93 0.337
Disconnecting chargers (yes — no) 1,264.33 | 12.18 0.01 1 0.11 0.744
Thermoregulation (yes — no) 4,432.25 | 13.16 0.05 1 0.37 0.542
f;’)t opening windows in winter (yes — | 5, 51 | 1198 | _0.03 1 027 | 0.604
Others 4,440,000.00 374
Corrected R2 0.11
Number of observations 393

SS — sum of squares; SE — standard error;  — the beta factor; df — degrees of freedom; F — statistics of the test; p —
statistical significance.

** p< 0,01; *** p< 0,001

Source: own study.

the type of housing and the use of energy-efficient appliances were the variables, which can be
deemed to be statistically significant predictors of WTP.
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3. Results

3.1. The willingness to pay for the energy from renewable sources

In the analyzed group of residents, the average WTP was PLN 83.7 (approx. USD 21.47)
whereby the median is PLN 50 (USD 12.82, with the average USD exchange rate in 2020 of
PLN 3.90). Almost one in seven respondents (14.3%) declared to be not interested in paying
more for this type of energy in comparison to the energy from non-renewable sources. The WTP
displayed statistically significant differences depending on the type of housing in which respon-
dents lived. In the case of persons living in detached housing or terraced housing the WTP was
PLN 152.47 (USD 39.11) on average whereas in the case of residents of apartment buildings
or tenement houses it was only PLN 62.11 (USD 15.93). The reasons behind such disparities
may be related to the level of income of residents, because prices of detached houses or terraced
houses are significantly higher than prices of apartments in apartment buildings or tenement hou-
ses, and thus only the more affluent individuals can afford them. The average WTP was slightly
lower in the case of women (PLN 81.2, USD 20.83) than the WTP amount declared by men
(PLN 87.5, USD 22.44).

3.2. The attitude towards consumption and conservation of electric
energy

To the question “Do you agree with the following statement — I have problems covering elec-
tricity bills?” only 3.3% of the respondents gave the “Strongly agree” answer and 11.7% gave the
“Agree” answer. Thus, it can be stated that 15% of the respondents experienced problems with
covering electricity bills. 16.5% of the respondents gave the “undecided” answer which may
indicate that, for a portion of people from this group the problem exists although it was rather
insignificant, or that it was hard for them to admit to this fact. Nearly a third of the respondents
(32.1%) gave the “Strongly disagree” answer for the aforementioned question and 36.4% gave
the “Disagree” answer.

As many as 56.7% of respondents declared that they would do more to conserve energy if
they knew what could be done. This group can be classified not only as a group interested in
the subject of conserving energy but also as a group ready to take actions aimed at reaching
this goal. Nearly a fifth (17%) of the respondents indicated that they trusted that the govern-
ment will solve the energy problems and more than a fifth of them (20.1%) indicated that the
manner in which they used electric energy had no influence on the national energy situation.
Only approximately one person in 17 (6.1%) declared that they were not interested in energy-
-related issues.
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The respondents also had the opportunity to indicate the factors which made conserving ener-
gy more difficult for them. The most frequently indicated factors were: comfort (48.6%), lack of
information (49.1%) and lack of responsibility (40.2%). The lack of time for taking such actions
was indicated by 40%. What is interesting, the least number of answers (35.1%) concerned the
need to incur financial expenditures.

3.3. Air pollution — the consequences and the approach to restorative
actions

Krakow was the first city in Poland where, due to the efforts concerning improving air
quality, the total ban on burning coal, wood, and other solid fuels in house boilers, stoves, and
fireplaces was introduced on September 1, 2019, which turned to be a pivotal step on the path
towards improving the air quality in the city (Traczyk and Gruszecka-Kosowska 2020). The
decisively positive attitude towards the aforementioned ban on burning solid fuels was expres-
sed by 31% of the respondents and a rather positive attitude was expressed by 40.7%. Only
2.3% of the respondents strongly disagreed with the ban, whereas 9.4% expressed disagreement
(Fig. 1). The introduced ban was assessed largely positively, especially in regards to the fact
that the necessity of changing the energy source was frequently connected to additional ada-
ptation and operational expenditures. Furthermore, the residents will probably have to change
their habits related to heating because, as indicated by the studies conducted among the resi-

rather negative definitely
9,41% /_ negative

| have no opinion
16,52%

rather positive
40,74%

0,

Fig. 1. Attitude to the ban on smoking with solid fuels
Source: own study

Rys. 1. Stosunek do zakazu palenia paliwami statymi
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dents of another Polish city, Wroctaw, these habits are related to heating sources (Szulgowska-
-Zgrzywa et al. 2020). However, Krakow is still characterized by excessive levels of particulate
pollutants, largely produced as the result of burning coal in households located in the city’s
neighboring municipalities, which have not yet introduced such a ban. The appearance of smog
is a major problem from the point of view of the residents of Krakow. As many as 29.8% of the
respondents indicated that they strongly experienced its adverse influence on health and 54.5%
also experienced the effects of smog but to a lesser extent. As many as 22.6% of the respondents
strongly agreed with the statement “I have noticed I lose focus when air is heavily polluted”
and 38.4% of respondents indicated that they agreed with the statement. The level of smog also
adversely affects the mood of the respondents (25% of the respondents strongly agreed with this
statement, 44.8% agreed).

When asked whether the respondents were concerned with the bills for heating rising due
to the ban on burning wood and coal 13.5% of the respondents answered “definitely yes” and
39.70% answered “yes”. The necessity of changing the source of heating was perceived by more
than a half of the respondents as an action increasing their financial burdens but the voices of
support for the introduced changes were still dominant.

The declaration of the willingness to resign from owning a car for environmental protection
reasons, although it did not have the nature of an obligation, is an indicator of the attitude of
a given person towards environmental issues. As many as 8.9% of the respondents answered
that they were definitely willing to resign from using a car and 23.4% gave the answer that they
would be rather willing to do so (Fig. 2).

definitely yes
9%

probably not

26% | have no opinion

10%

Fig. 2. The declaration of willingness to resign from owning a car for environmental protection reasons
Source: own study

Rys. 2. Deklaracja sktonnosci do rezygnacji z posiadania samochodu ze wzgledu na ochrong srodowiska
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The significance of environmental protection for the respondents was also evidenced by the
answers given to the question of whether pro-ecological actions were worth the loss of jobs. The
question emphasized that it pertained to the issue of shutting down the last blast furnace in the
Sedzimir smelter plant in Krakow, widely discussed in the period when the research was con-
ducted. The “definitely yes” answer was given by 10.9% of respondents and the “yes” answer
by 30.5%.

4. Discussion

Research conducted among the residents of Krakéw showed a high level of support for the
ban on burning solid fuels for heating purposes, despite the necessity for bearing adaptation
costs related to changing the form of heating as well as the higher charge for the energy from
alternative sources. This support can be connected to the common acknowledgement of the
adverse influence of pollutants on health (Tainio et al. 2020) as well as to the negative effects
of pollution experienced by respondents. Owing to the strong position of Poland in the field
of extraction of hard coal, this non-renewable fuel still constitutes a popular source of thermal
energy in households which, due to the existence of boilers and stoves not meeting environ-
ment protection standards, results in the problem of poor air quality related to low-stack emis-
sions, also in the area of Krakéw (Kunecki et al. 2020). The problems with air pollution in
Krakow began to emerge as early as the 1950s, mainly as the result of developing industry,
particularly due to the existence of the iron smelter plant located in the city — the largest in the
country, at that time. Despite the actions taken to improve air quality since the political system
transformation was initiated in 1989, even by 2019 severe air pollution, particularly in winter,
still constitutes one of the more significant development problems of the city (Romanczyk
2018). Simultaneously, a low level of air pollution is considered a major determinant of the
quality of life in the city and a prerequisite for the development of the Business Process Out-
sourcing and Offshoring sector crucial for the labor market in Krakéw (Mamica 2021). As
disruptive events have a positive impact on the number of renewable energy policies (Emam
et al. 2020) states of high exceedance of pollution norms in Krakow may constitute an impulse
for taking radical measures.

The average WTP declared by the residents of Krakéw was PLN 83.7 (approx. USD 21.47)
i.e. almost three times higher than the average WTP calculated on the basis of the meta-analysis
of 30 studies from 13 countries published on or after the year 2000 and estimated at USD 7.16
(Soon and Ahmad 2015). It can be assumed that such a high WTP value was influenced by the
high level of air pollution in Krakéw and its adverse influence on health experienced and decla-
red by the respondents. Higher values of WTP were displayed, for instance, in the studies con-
ducted in Spain where this indicator reached the value of EUR 29.91 (USD 41.56) (Hanemann et
al. 2011) or the United States where it reached approximately USD 44 (Li et al. 2009).
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The WTP declared by the residents of Krakow differs in a statistically significant manner
depending on the type of housing in which respondents reside. The residents of detached houses
or terraced housing declared on average twice higher WTP value than the residents of apartment
buildings or tenement houses (PLN 152.47 i.e. USD 39.11 in comparison to PLN 62.11, i.e. USD
15.93). As the cost of purchasing or renting a detached house or a terraced house is higher than
renting an apartment in a block of flats or a tenement house, it may be assumed that in this case
the WTP was indirectly related to the level of income. The research results correspond with the
results of the survey conducted among the residents of Crete, where WTP increased along with
the increase in family income and residence size (Zografakis et al. 2010) or with the results of
the studies conducted in Slovenia where WTP also increased along with increased income (Zori¢
and Hrovatin 2012). The usable floor area in detached and terraced housing is, on average, larger
than in the apartments in apartment buildings and tenement houses. The studies conducted among
the residents of Krakow displayed that the WTP value is higher among people declaring use of
energy-efficient appliances. Using such appliances is indirectly related to the level of awareness
of the actions pertaining to environmental protection (Han et al. 2020) and is a display of ener-
gy-saving behaviors positively correlated with education (Zhao et al. 2019). Thus the research
results are convergent with the works identifying the occurrence of dependence of WTP on know-
ledge related to energy issues and environmental concern (Li et al. 2020; Cai et al. 2019).

5. Limitations and policy recommendations

The respondents possessed varied levels of information on the subject of environmental pro-
tection and the costs of producing energy from different types of sources. The varied level of
information influence the WTP value and may slightly distort the produced research results (Ven-
katachalam 2004). The higher the level of knowledge pertaining to the commodity to be eva-
luated, the lower the level of hypothetical bias in the contingent valuation method (Whitehead
and Cherry 2007).

Promoting the significance of willingness to bear the increased costs of purchasing energy
from renewable sources should be accompanied by promoting low carbon solutions which, as
proposed by Biresselioglu et al., in terms of public perception should be treated as symbols of
attractiveness and sophistication (Biresselioglu et al. 2020). Taking the results of the presented
studies, which indicate that the WTP increases along with the increased value of the type of
housing or apartment into consideration (a fact, which can be indirectly interpreted as the le-
vel of wealth), a social campaign should be conducted with the goal of increasing the value of
pro-environmental actions. At the same time, important steps in this context should be taken to
improve energy efficiency (Lin et al. 2019) as the costs of domestic hot water preparation and
heating are a significant component of the overall cost of maintaining apartments costs (Bart-
nicki and Nowak 2020). In Polish conditions temporary solution for improving the quality of air
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could also be a replacement of hard coal by briquettes, which are characterized by significantly
lower emissions, it is 52% on average (Dziok and Penkata 2020). The strategy of communicating
with residents should focus first on the potential benefits for the local community and then on
the benefits for the climate (Busch and McCormick 2014). It could be also included in the city’s
sustainable development plan which contributes to a larger goal of urban sustainability (Mosco-
vici et al. 2015). As in other similar pro environmental actions benefits from such initiatives can
be multiplied by greater coordination (Hecht and Sanders Iii 2007). An information campaign is
necessary because some household, similarly as in Sweden, can reject transformation because of
financial considerations (Palm and Tengvard 2011). In the case of solar panels installed on the
roofs of detached houses, which are visible to neighbors, the positive aspect of the psychological
pressure directed at persons who did not install such sources of renewable energy should be uti-
lized. The message should be clear — installing such panels is a sign of taking responsibility for
the environment and, by the same token, it presents an opportunity for displaying own material
wealth. Simultaneously the promotion of decarbonization, energy saving strategies and mitiga-
tion measures for greenhouse gas emissions should be supported. In Polish conditions temporary
solution for improving the quality of air could also be the replacement of hard coal by briquettes,
which are characterized by significantly lower emissions, it is 52% on average (Dziok and Pen-
kata 2020). In order to reduce the consumption of energy by households an information campa-
ign concerning the practical potentialities of such actions should be carried out. Such actions are
justified by the fact that as many as 56.7% of the respondents declared that they would do more
in order to save energy if they knew what to do, and nearly a half of the respondents (49.1%)
indicated the lack of information on the subject as the factor, which made saving energy more
difficult for them. The knowledge pertaining to the level of WTP is significant for the process of
shaping the level of subsidization for the development of the renewable energy sector. Under the
current energy policy, the expenditures which individual consumers are willing to bear in order
to convert to the use of renewable energy, should not be substituted but, instead, supported if they
are insufficient for such conversion to occur or when such conversion would proceed too slowly.

Funding: This research was funded by the Ministry of Science and Higher Education within the “Regional Initiative
of Excellence” Program for 2019-2022. Project No.: 021/RID/2018/19. Total funding: PLN 11,897,131.40.
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Fukasz Mamica

Sktonno$¢ do pfacenia za energie ze zrédet odnawialnych
deklarowana przez mieszkancéw Krakowa w perspektywie
dziatai zmierzajacych do obnizenia poziomu zanieczyszczenia
Srodowiska

Streszczenie

Przeprowadzenie transformacji energetycznej w kierunku szerszego wykorzystywania zroédet odna-
wialnych jest jednym z kluczowych zadan na drodze do zahamowania negatywnych zmian klimatycznych.
Tempo tego procesu zalezy zarowno od decyzji politycznych, jak i poparcia spotecznego dla wdrazanych
zmian. Wskaznikiem wspomnianego poparcia jest sktonno$¢ do placenia za energi¢ ze zrédet odnawial-
nych (ang. Willingness to pay for Renewable Energy Sources WTP), deklarowana przez mieszkancow.
Celem niniejszego artykutu jest analiza determinant tej sktonno$ci na przyktadzie mieszkancow Krakowa
oraz postrzegania przez nich dziatan redukujacych poziom zanieczyszczen §rodowiska w oparciu o wyniki
badan ankietowych przeprowadzonych na reprezentatywnej grupie 393 mieszkancoéw tego miasta. Badania
uwzgledniaja opinie dotyczace wprowadzenia od 1 wrzesnia 2019 roku pionierskiego w skali Polski zakazu
palenia paliwami statymi. W analizowanej grupie mieszkancow $rednia miesi¢czna sktonno$é do ptacenia
wigcej za energi¢ pochodzaca ze zrodet odnawialnych wyniosta 83,7 z, tj. ok. 21,47 USD. WTP rézni si¢
od siebie w statystyczne istotny sposoéb w zalezno$ci od typu zabudowy, w jakiej mieszkajg ankietowani.
Mieszkancy domoéw jednorodzinnych lub doméw w zabudowie szeregowej deklarujg $rednio ponad dwu-
krotnie wyzsza warto§¢ WTP niz mieszkancy blokéw i kamienic (odpowiednio 152,47 zt, tj. 39,11 USD
w stosunku do 62,11 z, tj. 15,93 USD). Przeprowadzone badania pokazaly réwniez, ze wartos¢ WTP jest
W sposob statystycznie istotny determinowana przez fakt wykorzystywania urzadzen energooszczednych,
i wyzsza w grupie osob deklarujacych ich stosowanie.

SLowa KLUCZOWE: sktonno$¢ do zaptaty za energi¢ odnawialna, transformacja energetyczna, postawy
ekologiczne, polityka energetyczna
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