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Abstract

This study uses the Q methodology to investigate consumer perspectives on district heating, combining qualitative and
quantitative methods across five research phases: foundation development, statement compilation (the Q-set), participant
selection (the P-set), Q sorting and data analysis. The foundation was built using diverse sources yielding 39 statements.
Experts from various disciplines were involved in the selection of statements using a two-round Delphi-like method to
ensure objectivity. Subsequent steps included recruiting participants with varied perspectives, conducting Q sorting and
analyzing data to reveal thought patterns. This research aims to shed light on consumer viewpoints regarding district
heating, sustainability = and general attitudes, assisting policymakers in promoting environmentally friendly energy
practices. This research employs the Q methodology to collect and analyze subjective viewpoints concerning district
heating, enhancing our understanding of consumer perspectives and their implications for sustainable energy systems. The
results indicate a positive attitude towards district heating with strong support for further research and investment.
Additionally, it aims to clarify the paper's results by highlighting the diverse consumer attitudes towards pricing
mechanisms. The findings suggest transparent pricing mechanisms influenced by user behavior are more likely to gain
acceptance. Four groups were found by using K-means clustering to analyse the data. These clusters showed preferences
for longer, steady operating hours with low demand followed by shorter hours with low demand and resistance towards low
operating hours with high demand. Future research could explore specific consumer profiles, private data or leverage
waste heat from sources.
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1. Introduction

Europe has a number of challenges including climate change, the need to ensure sustainable economic development
and social cohesion and the necessity to accomplish an authentic energy revolution in order to overcome current
unsustainable tendencies and meet the high standards set by policy. District heating (and cooling) systems must advance in
this direction by becoming more cost-effective, intelligent and efficient. There has been less published research on the
analysis of district heating (smart) meter data in contrast to electricity smart meter data analysis [1]. District heating (also
known as heat networks or tele heating) is a system for distributing heat generated in a centralized location through a
system of insulated pipes for residential and commercial heating requirements such as space heating and water heating. The
heat is often obtained from a cogeneration plant burning fossil fuels or biomass but heat boiler stations, geothermal
heating, heat pumps and central solar heating are also used. It is also widespread and used to generate energy from nuclear
power and heat from industry. District heating plants can provide higher efficiencies and better pollution control than
localized boilers. According to some research, district heating with combined heat and power (CHP) is the cheapest method
of cutting carbon emissions and has one of the lowest carbon footprints of all fossil generation plants [2]. Consumer
behavior is the study of how people make buying decisions. It attempts to understand how buyers choose and use products
and services. Businesses can determine how to effectively market their goods and services by understanding how customers
feel, think and make decisions [3]. Understanding buyers can help marketers connect with them and influence their
behavior. One of the most important key elements of sustainability is personal behaviour. Utility firms and customers both
benefit from understanding how energy users use their resources as it may help them develop more effective energy
management and usage plans. The heat usage of customers is crucial for effective district heating (DH) operations and
management. The research process involves five key phases: developing the concourse, creating a set of statements (Q-
set), selecting participants (P-set), conducting Q sorting and analyzing and interpreting the data.

Literature, expert interviews and internet remarks were among the sources used for constructing the concourse. A total
of 39 statements were identified. An expert panel comprising several fields of expertise used a two-round Delphi-like
process to offer ratings and comments in order to ensure neutrality in the selection of statements.

The next steps involve recruiting participants who represent different perspectives, administering the Q sorting process
and analyzing the data to identify patterns of thought. The research aims to provide insights into consumer opinions on
district heating, sustainability and general attitudes. The findings can support policymakers in promoting sustainable
behaviors and guiding society towards more environmentally friendly energy consumption.

2. Literature Review
This chapter examines district heating and consumer opinion. Other aspects such as clustering of measured data have
been reviewed [4] and will not be further commented but sometimes be referenced.

2.1. Review of Prices and Pricing Mechanisms in District Heating and the Customer Perspective on it

It was planned to provide the consumer's viewpoint or opinion on district heating but not enough results were
published. Almost all documents on the subject of consumer opinion were in relation to pricing or sustainability. The
evaluation range was expanded to encompass the various price models in order to widen the base. Similar techniques were
used for district heating pricing mechanisms and customer perceptions of DH Radtke [4]. The summary of those methods is
shown in Figure 1.
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Figure 1.
Summary of the literature review.
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Publications with no relationship to controlled pricing processes were completely disregarded, since Hungary operates
with regulated prices across all sectors in the energy industry. The most prominent work of Kerekes [5] had to be excluded
as it’s available only in Hungarian language. It provides an overview of the available biomass and geothermal resources,
the technical characteristics and cost elements of the different technologies and estimates the costs of increasing the share
of heat generation from biomass, geothermal and CHP in the district heating systems studied.

2.1.1. Details on Prices and Pricing Mechanisms

The most common is the model of the heat energy market operating under two pricing conditions: a) free (liberalized)
pricing and b) tariff regulation for consumers [6]. The costs of DH depend on three main factors: (1) the connection costs
for customers, (2) the costs of a distribution network which depend on the size of the DH network and its thermal loads
and (3) the production costs of thermal energy [7]. Most Swedish traditions were reported by the authors. Correspondingly,
the price of heating mainly comprises a connexion fee, a standing cost and a unit cost. Song et al. [8] show the same
components but refer to a different name: A fixed component (FxC) is the fixed price a user need to pay for being
connected to the network. A fixed component (FxC) is the fixed price a user needs to pay to be connected to the network.
Load Demand Component (LDC) is essentially a variable component charged based on the user’s consumption pattern
(load demand). It usually covers the DH company’s non-production costs caused by investment in fixed assets,
depreciation, salary, etc. All pricing schemes include energy demand component (EDC) which is based on the user’s
energy consumption. This component is supposed to cover DH companies’ production costs.

They also use three price components such as Bonn [9] which provide the end user with an annual base price, a
commodity price and an emission price. District heating is very friendly. Nevertheless, CO2 emissions are also produced
when district heating is generated, although these are lower than with many other forms of heat generation. Bonn presents
emission certificates for this purpose. A portion of the certificates is given to Bonn at no cost. The other parts need to be
obtained separately. This part is distributed equally to all customers for their respective consumption. The consumption
measured at the customer's district heating meter is multiplied by the emission price. Similar descriptions are given below
[10].

The synergies with power generation in CHP plants in district heating prices have been analyzed by Aberg, et al. [11]
and Linden and Peltola-Ojala [12]. The papers wouldn't have been approved because of the deregulated markets under
analysis without the price fixing synergy.

The government regulates the price of DH in regulated markets and the regulated price sets the profit margins for DH
companies. Li, et al. [7] state that the price of district heating is equal to the sum of the expenditures that must be recovered
and fair profits for DH companies. The equation may be explained as follows:

Pricepy = OA +AD + PP (1)

Where OA is operating cost, AD is annual depreciation and PP is permitted profit. This method is called the cost-plus
pricing method. Permitted profits (PP) can be calculated as follows:

PP = WACC * RAB (2)

Where WACC is the weighted average cost of capital and RAB (Regulatory Asset Base) = depreciated fixed cost +
new investment + labour cost Li, et al. [7] and Gudmundsson et al. [13]. Under a cost-plus pricing mechanism, DH
companies have incentives to increase profits by inflating costs, since permitted profits are usually related to costs. If they
are operating at a lower cost than the reported level, the DH companies would be punished through the imposition of a
lower level of permitted profits [14]. Consequently, the cost-plus pricing method undermines suppliers' incentives to reduce
costs and to upgrade their technologies. In addition, changes in real fuel costs cannot be transferred to consumers due to the
use of historic data which prevents DH producers from generating enough profit to budget for necessary maintenance and
improvements [15]. The tariff that customers pay will probably not be sufficient to cover expenditures under state-regulated
pricing schemes. In these cases, local or regional governments step in to cover the deficit.

The marginal-cost method is widely used in the deregulated market [16]. In a marginal cost-based pricing model, the
total price normally involves two parts: fixed cost and variable cost. Equation 3 is given below.

MC = a(rc) _ d(FC+Ve) _ d(VC)) ?)
dQ dQ dQ)

Where TC is total cost, FC is fixed cost, VC is variable cost and Q represents the volume of heat production [17]. VC
mainly consists of energy costs, labor costs and other variable operation costs such as the cost of marketing. Energy cost or
fuel cost can be calculated as Equation 4:

Fuel cost = Fuel price + Sulphur tax + NOx tax + Carbon tax + Energy tax  (4)

The levelized cost of heat (LCOH) approach is an additional pricing technique that has only been applied in
deregulated markets. It is the cost of generating heat for a particular system at a particular temperature of the working fluid.
It is an economic assessment of the cost of the heat-generating system including all the costs over its lifetime: initial
investment, operations and maintenance, cost of fuel and cost of capital [18]. LCOH is the minimum price at which heat
must be sold for a heat generating system at a defined maximum temperature of the working fluid. LCOH is calculated
over a 20 year lifetime and it is given in units of currency per kilowatt-hour. For example, $/kWh or €/kWh or per
megawatt-hour [19]. The new method only applies to deregulated markets [20] with deregulated prices, the methodology
behind was not further researched. LCOH has its origin in the much more deregulated electricity market which is indicated
by several papers regarding the levelized cost of energy by De Simén-Martin et al. [20] and Li et al. [16].

The most comprehensive and condensed document for the European market with regard to pricing is Werner [21]
work. The outputs from this price collection project consist of a long series of national average district heating prices until
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2013 and the corresponding annual revenues and heat sales. 560 annual average national district heating prices have been
estimated. Werner [21] gathered an overview of a relatively long time series of district heating prices. The research was
done for 23 European countries of which 20 are currently members of the European Union. Additional countries include:
Iceland, Norway and Switzerland. The remaining eight EU member countries were not included since district heating is
not a typical activity in these countries. Very few systems are operated in Luxembourg, Belgium, Ireland, Portugal, Spain
and Greece while no district heating appears in Cyprus or Malta. A significant variance in district heating costs during the
investigation was discovered [21]. The study revealed that the highest prices are found in Denmark, the Slovak Republic,
Germany, Norway and Sweden while the lowest prices are obtained in Iceland, Bulgaria, Switzerland, Hungary and
Poland. Croatia and the United Kingdom show slightly higher prices. The rest shows significantly higher prices.
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Figure 2.

National average district heating prices for 22 European countries in 2013.
Note: Werner [21].

The research of Werner [21] is based on reliable past figures (as illustrated in Figure 2). The political environment has
changed. In Hungary, regulated energy prices have been crucial in supplying electricity, district heating and natural gas to
households and as a result of a utility cost reduction program, implemented in several stages starting in 2013, a sharp
decline has been seen in these prices. According to Weiner and Szép [22], the utility cost reduction program discourages
energy conservation and energy efficiency, erodes the competitiveness of renewables, reduces gross capital formation in
the energy sector, deteriorates security of supply and increases energy prices for non-household customers. The efficiency
of the applied measures is still doubtful and several negative effects have also been detected. The utility cost reduction
programme is anticipated to continue although with possible modifications despite these drawbacks.

2.1.2. Customer Perspectives on Different Aspects of District Heating

Although the number of recognised goods for price and pricing strategies was still very significant, the outcome was
manageable from the perspective of the consumer. All the papers found were included in the review. There is a shortage of
available information on the customer's perspective in relation to district heating. Only a few relevant papers were
identified that dealt with consumer opinion or customer behavior in district heating.

Mouritsen et al. [23] performed a literature review on the transition towards 4™ generation district heating (4GDH)
with a special interest in how consumers can be meaningfully and strategically included in the transition towards 4GDH.
Their goal was to evaluate the consumer role during 4GDH in the transition towards 100% renewable energy systems. They
came to the conclusion that direct involvement of consumers is either not yet researched further, (too) difficult or even
counterproductive. The authors found details on a free mobile phone app called WATTS (initially provided by the Danish
electricity supplier SEAS-NVE) to enable consumers to monitor their electricity consumption based on hourly smart meter
data. Several other energy supply companies have joined collaboration with SEAS-NVE with the objective for developing
the application so that it can handle several types of consumption (electricity, heat, gas and water). The enhanced
application allows consumers to follow their DH consumption hourly, daily, weekly and quarterly as well as their expected
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heat consumption use based on their consumption in previous years. Users can see their DH costs and are presented with a
budgeted DH consumption based on previous consumption patterns. When consumers consume less, more or more than
their assigned amount, the colors green, yellow or red are shown. The authors concluded that more information technology
(IT) is needed for a better link between the demand and supply sides. It’s needed for improving the availability and
exchange of information on a specific building’s performance. Furthermore, it’s needed to link building energy efficiency
research with a consumer focus to 4GDH research.

Sernhed et al. [24] observed similar results within their literature review as within this work. The Swedish market for
district heating is better researched than any other country. They concluded especially for innovative and more complex
pricing models that the most recent studies about price models for DH that were found in scientific journals are Swedish
studies. Their work is to research how customers responded to more complex price models (introduced in Sweden). The
methodology used to investigate was through focus group interviews and through interviews with companies that have
changed their price models. Their results show that several important customer requirements are suffering with the new
price models. The most important finding was the dislike of the fact in regard to the new pricing models that energy
savings do not provide financial savings when costs are hard to predict and are perceived to be out of control. According to
Sernhed et al. [24], factors like weather dependency, sunk costs from fixed assets and new competition on the heat market
constitute challenges and business risks for the DH industry that must be considered. The most important finding in regard
to any new pricing system in a deregulated (price) market is that dissatisfied customers voting with their feet constitutes
another financial risk for the DH business.

Xu et al. [25] researched the dynamic consumer behavior, hydraulic performance and energy consumption of a DH
system in China. The other parts of the literature review exclude other areas other than Europe. The addition of this study
to our review is explained by the lack of available papers. Traditionally, consumers did not have the possibility to adjust
their heat consumption and the billing system was only based on the floor space of an apartment. The systems were
operated with constant water flow rates and variable water temperatures. Consumers did not have enough interest in saving
energy and always opened their windows to dissipate heat when a room was too hot. The China Ministry of Construction
has proposed national heat reforms with the primary objective of implementing a heat metering and billing mechanism in
central heating systems to promote energy efficiency prior to the study. Questionnaires were employed as a tool to
investigate the ways in which customers' varying temperature preferences, lifestyles and interior thermal environments lead
to highly varied behavioural patterns.  Tests were conducted based on the responses and the district heating system's
hydraulic performance was examined. The authors found that the influence of consumers’ stochastic regulation behavior
(by using thermostats instead of simply opening the window) on the hydraulic behavior within the district heating system is
very minor. Additionally, they found heat metering billing systems can lead to about 10% energy savings compared with
traditional billing systems. The main finding is a lack of understanding among consumers about the self-adjustment of a
thermostat. The authors recommend providing consumers with advice on how about use controls and their effects. For
example, they advise setting radiator thermostats to reasonable levels, turning off the heat before opening the windows,
closing the valves in rooms that are not in use and closing all of the valves only when they will be gone for an extended
period of time.

Ueno et al. [26] performed a quantitative analysis on an online interactive energy consumption information system
(ECOIS). This system was constructed to evaluate the motivating energy-saving activities in nine residential houses.
Electricity consumption and space heating were measured in a combined approach as energy savings in total. During the
research, the energy awareness and energy-saving activities induced by this system were described and measured based on
questionnaires and comparisons of power consumption before and after the installation of an ECOIS. The result revealed
that the power consumption of many appliances had been reduced by 9% after the use of ECOIS. Additionally, when daily
load curves and load duration curves for each appliance were compared before and after installation, it became clear that
the household members were adopting a variety of energy-saving practices such as turning down backup power and
improving appliance control. The installation of an ECOIS influenced the energy-saving awareness of the customers.

What will consumers pay for convenience was the question raised by Yoon et al. [27]. A double-bounded dichotomous
choice approach was used to evaluate consumer value for convenience in a hypothetical market. They found that families
with higher household income, higher heating expenditures during the winter, higher educational achievement and
residence in relatively expensive apartments or those with higher living standards assign higher value to the user
convenience of DH. When expressed as a percentage of current monthly heating expenditures, the willingness to pay
(WTP) for distributed heating over individual heating (IH) in the 800-household sample was 4.03% and for DH users only
it was 7.92%. IH users unfamiliar with DH expect little greater convenience (0.1% WTP) whereas the WTP for DH users
runs to 7.9% demonstrating consumer loyalty. As a result, their analysis suggests that in order to promote DH, more focus
should be given on the numerous outside advantages of DH systems such as convenience, comfort and safety rather than
their reduced cost.

Similar research on the WTP for district heating from renewables in private households in Germany was conducted by
Krikser et al. [28]. They evaluated the willingness-to-pay for district heating and district heating from renewables
compared to gas condensing boilers and heat pumps (individual heating). A technique for implementing market
segmentation involved the use of a discrete-choice experiment and the collection of data on attitudes towards sustainability,
economic considerations and requests for heat supply providers. These features were then used as dimensions for factor and
cluster analysis.
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Their results show a preference for “district heating from renewable energies”. Other alternatives like district heating
from fossil fuels, heat pump and gas rank lower in the analyzed household’s opinion. The participants revealed a significant
additional WTP for “district heating” just because it is from renewable energies.

3. Research Methodology

A survey for statements has to be conducted and evaluated through quantifying subjective data using the Q-
methodology. Q-methodology is used to investigate the perspectives of consumers who represent different stances on
district heating, sustainability and general attitude by having participants rank and sort a series of statements.

3.1. Consumer’s Opinion on District Heating Using the Q Method

The Q method is a research method developed by William Stephenson to analyze individuals' psychological attitudes.
It focuses on differences within individuals rather than their characteristics. The method uses factor analysis to assess a
large number of statements with a small number of participants [29]. According to Ramlo [30], the methodological aspects
of Q offer the ability to scientifically study subjectivity.

The correlation coefficients calculated show the correlation between people. The Q Methodology allows individuals to
express their subjective opinions through qualitative and quantitative methods. The method is useful for identifying distinct
viewpoints and generating testable hypotheses. Q-sort procedures are effective for deriving categories and building theory
from individual responses. The goal of Q-methodology is to uncover different patterns of thought rather than their
numerical distribution in the larger population. Studies using this method typically have small sample sizes and are less
influenced by low response rates Valenta and Wigger [31] and Brown [32].

The Q methodology shall be used for retrieving consumers’ opinions on district heating and possibly helping policy
makers guide society towards sustainable behavior and consumption.

3.2. Defining the Concourse, Developing Q-Set and Selection of P-Set

Various sources and methods for constructing a concourse have been defined by Q-methodologists. For example,
scientific literature, expert interviews, focus groups, social media and websites. The information includes all of the current
viewpoints and arguments made by professionals, organisations and other subject matter experts. It emphasis on
comprehending how and why individuals believe the way they do than on calculating the proportion of the population that
has a particular perspective. Therefore, the following questions were applied to define the concourse:

e What influences the opinion on district heating?

e What can be identified as the everyday behavior of consumers?
e Which digital experience is expected and can contribute?

e Issustainable behavior known to consumers?

Several sources were used in order to identify the assertions including the previously studied literature, expert
interviews, lectures and discussions with academics and statements from websites. At the end of the concourse
development, 61 statement items were identified with four themes: General district heating, prices, requirements or
expectations for software or applications and personal behavior.

The Q method often raises the question of the reliability of the method. A Delphi-like technique was applied in order
to objectivize the Q-set definition. The Delphi technique is a structured method to facilitate the consensus of expert
opinion. Although initially developed for military forecasting [33], it has been applied to many research areas, for example,
healthcare [34]. The technique involves a panel of experts who undertake a series of questionnaire rounds.

A two-round Delphi method was used for this study in order to achieve expert consensus on which statements to
include in the Q sample and to further minimize the number of statements. The Delphi component was conducted from
December 2021 to January 2022. An international, multidisciplinary team of experts were selected. Experts were defined as
researchers or professionals in the area of energy billing or even specializing in heating. Finding experts in the area of
district heating was lacking a direct connection and the possibility to interact through online conferencing. Using the
broader definition enabled the Delphi-like technique to be applied through MS Teams and Skype meeting (Microsoft
Teams (business collaboration tool for communication, file sharing and project work). Skype (originally voice or video
calls, now part of teams for business communication).

3.2.1. Round One

A defined number of experts were invited to participate in the first round. They were invited to rate their agreement on
statements. In rating each statement, the experts were requested to consider the relevance of each statement based on their
experience and their knowledge. The intention is to reduce the number of statements. Experts were advised that
participation involved a commitment to several rounds.

3.2.2. Round Two

Panelists were notified at the beginning of the round that statements would be revised as needed in response to
feedback. Statements that achieved the median requirement were kept. Any new statements suggested by the panel in round
one were included and presented for rating.

The panel members were asked to rate the presented statements according to the following scale: 1) fully relevant
regarding the intended research questions. 2) Matches the basic idea. 3) Not very relevant. 4) Shall be replaced.
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The feedback from round one was evaluated and quantitatively calculated. Each statement has been given a score. The
score determines if the statement is kept within the next round or is replaced by another statement. Statements that had been
receiving a score of three were replaced by a statement provided within the free text. The same number of experts
received revised statements in round two which was distributed following round one's evaluation. Round two did provide
the semi-final set of statements to be used within the Q Methods approach. An additional round was done as the panel
members were not familiar with the Q-methodology and the statements had to be shortened more. The general text was
kept but the explanatory additional hints were totally removed so the participants could form a strong opinion about each
statement. The Q methodology has been criticized for a lack of transparency and detail in the Q sample construction. For
example, it has been stated that “the QM (Q methodology) literature remains uncomfortably silent with respect to how to
assemble and verify the completeness of a concourse and how to verify or falsify the representativeness of a sample drawn
there from” Kampen and Tamas [35]. Therefore, Kirschbaum, et al. [36] and Wallis, et al. [37] proposed a Delphi based
approach which was adopted as a Delphi-like approach within this paper. At the end of the process, 39 statements were
selected and presented as P-sets to the rating participants.

3.3. Design of the Study Procedure and Selection of Participants

A sorting range with nine categories was used in the study method design where participants conducted a Q sort in
accordance with the suggestion for Q samples less than n = 40. The labels were set a little bit wider despite the fact that
Webler, et al. [38] recommended adding labels like "least like how I think" to "most like how I think." From “disagree,
least preferred , least important” to “agree, most preferred, most important” were created (as shown in Figure 3). The
sorting arrangement is supposed to represent a quasi-normal distribution that is symmetrical over the middle and represents
a normal distribution. The following arrangement of locations into which participants would sort the statements proved to
be the most effective strategy to impose this distribution for the 39 statements.

Disagree Agree
Least preferred < > Most preferred
Least important Most important
-4 -3 -2 -1 0 1 2 3 4
Figure 3.

Q-sorting grid for 39 statements.

The Q sort, a study technique of the Q method can be carried out electronically using software that is already
accessible or traditionally by printing out the questionnaire and distributing the statements. This depends on the personal
preference of each participant. Some might use paper and scissors while others make use of modern technical devices and
use Google Sheets or MS Excel.

The Q methodology combines qualitative and quantitative methods to investigate the subjective views of those directly
involved in a particular topic. According to Webler, et al. [38], the number of participants should match the number of
statements. A ratio of Q-participants and Q-statements is 3: 1. The highest ratio that should be used is 2: 1. In this research
with 39 statements, 13 (39/3 = 13) to 20 (39/2 = 20) participants will have to be expected.

In order to determine some additional criteria, the questionnaire was sent out with the following socio-demographic
questions:

1) You are [ tenant [J owner.

2) Inwhich quartile do you think you are fitting:

11 High demand & for a short period of time (e.g., some hours a day for only a few month)
High demand & long period

Low demand & for a short period

Low demand & long period

3) You are LI employed [ self-employed [ without paid employment.

458



International Journal of Innovative Research and Scientific Studies, 7(2) 2024, pages: 452-471

4) You are between [1 <30 years old [131 to 45 years old [146 to 60 years old [J 61 years to 75 years old [ > 75
years old

5) You are Lalone Lmarried/living in a partnership.

6) How many persons live in your household? (11 [12or3 [J4or5 []6or7 []8or more persons living in the
household.

7) You own and use mobile devices (smartphone, tablet, ...) [J Yes [J No

8) You use electronic media for bank transfers [J Yes [1 No

9) You prefer to use L1 PC, Notebook, Tablet (1 Smart Phone 1 none of the before

10) What is your highest educational degree? [lundergraduate [ skilled/specialist worker CI1High school [1Vocational
school, with baccalaureate [1Higher education (College,- BSc degree) [University, Master's degree, Bachelor's
degree CIPhD and above

The U.S. National Institutes of Health which requires the consideration of sex as a biological variable in preclinical
studies (for biomedical research). Due to the delicate nature and not always perceived differences between sex and gender
in social studies, there is no question included for binary or non-binary identification.

The P-set consists of district heating users in Kaposvar. The opinion of the Kaposvar district heating users shall be
explored and analyzed. The Q-sets and the surrounding questionnaire were provided in English and Hungarian to avoid
language barriers. The distribution of the questionnaire itself was done by the district heating technical manager of the
Kaposvar Municipality Asset Management and Service Co. Zsuzsanna Zanatyné Uitz. The results were gathered, scanned
and anonymously sent to me. There is no trace of the participants or any personal data. The survey was not just confidential
but truly anonymous. The results will not be gender or sex-biased in order to provide fully inclusive research. Participants
could give an incorrect answer but a high level of inaccuracy is not expected.

3.4. Unprocessed Results of the Q-Sorts

The results were transferred into an MS Excel file format for further processing (see Tables 1 and 2). A total of
eighteen questionnaires were completed by the participants. However, one had to be eliminated since the answers were not
distinct and identifiable (see Figure 4).

Disagree Agree
Least preferred <« > Most preferred
Least important Most important
: (E R - T D LaAr i L Ly
22 A R A & i [T ‘1"
N I‘:_, ‘ A i A v 2 I
2C 26 24 2 < {

13 A KE% 72

2} 2 36 1S
Figure 4.

Result with a none unique answer or self-marked.

The inserted statement 3 on the right-hand side for the rating of 4 can be uniquely identified but the marked value on
the left-hand side for -4 could be interpreted as a 3 or a 9. To achieve stable results, only the other 17 responses will be
used.

The socio-demographic results show a large tendency to employ working owners of houses or flats. Most participants
consider themselves to have a low demand for head but during a longer period of time. Every participant with the exception
of one has an electronic device and already uses it for payments. A correlation between the preferred device, age and
education was not performed upfront.

Table 1.
Summary of the socio-demographic answers.

Questions/ Participant Q1 Q2 Q3 Q4 Q5 Q6| Q7 | Q8 | Q9 | Q10
P01 Owner | Q2 | Employed | R4 Single Pl | Yes | Yes | D1 | E6
P02 Owner | Q2 | Employed | R3 | Partnership | P3 | Yes | Yes | D1 | E2
P03 Owner | Q4 | Employed | R2 | Partnership | P3 | Yes | Yes | D1 | E5
P04 Owner | Q4 | Employed | R3 Single Pl | Yes | Yes | D1 | E3
P05 Owner | Q4 | Employed | R2 | Partnership | P2 | Yes | Yes | D2 | E2
P06 Owner | Q4 | Employed | R1 Single P2 | Yes | Yes | D2 | E4
P07 Owner | Q4 | Employed | R2 Single P2 | Yes | Yes | D2 | E3
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Questions/ Participant Q1 Q2 Q3 Q4 Q5 Q6| Q7 | Q8 | Q9 | Q10
P08 Owner | None | Employed | R2 | Partnership | P2 | Yes | Yes | D1 | E5
P09 Owner | Q4 | Employed | R2 | Partnership | P3 | Yes | Yes | D1 | E4
P10 Tenant | Q2 | Employed | R2 | Partnership | P4 | Yes | Yes | D2 | E5
P11 Owner | Q4 | Employed | R3 | Partnership | P3 | Yes | Yes | D2 | E4
P12 Owner | Q4 | Employed | R2 | Partnership | P3 | Yes | Yes | D2 | E2
P13 Owner | Q4 | Employed | R2 | Partnership | P2 | Yes | Yes | D2 | E4
P14 Owner | Q4 | Employed | R4 | Partnership | P2 | Yes | Yes | D2 | E4
P15 Tenant | Q2 | Employed | R4 | Partnership | P3 | Yes | No | D2 | E3
P16 Tenant | Q2 | Employed | R1 Single P3 | Yes | Yes | D2 | E4
P17 Tenant | Q2 | Employed | R3 | Partnership | P3 | Yes | Yes | D2 | E4

Explanation for the table: All questions are marked as Q1 to Q10 in the headline of Table 2. Question 1 simply
distinguished between owner and tenant. The quartiles found in chapter 3 of this text were used to answer question 2: usage
quartile: Q1: high demand and for a short period of time (e.g., some hours a day for only a few months) Q2 = high demand
and long period Q3 = low demand and for a short period Q4 = low demand and long period. Question 3 included only three
options but only one user group was detected by the answers. For question 4, a range of age was supplied. R1 <30 years old
R2 is 31 to 45 years old. R3 is 46 to 60 years old. R4 is 61 to 75 years old. R5 > 75 years old. Q5 was also a two-
dimensional question: single or living in a partnership. Q6 was more open, number of persons living in the household. P1 =
1,P2=20r3;P3=4o0r5;P4=60r7;P5=7or8; P6 =9 or more. Here it could happen that people living as a single still
had 4 or 5 persons living in the household. Question 7 and 8 were straight forward and simple yes or no questions. Question
9 asked for the preference for electronics device. D1 = PC, notebook, tablet, D2 = smart phone and D3 = none of the
before. Question 10 regarding the highest degree earned in education (E) was translated to E1 = undergraduate; E2 =
skilled or specialist worker; E3 = High school; E4 = vocational school, with baccalaureate; E5 = Higher education (college
, BSc degree), E6 = university, master’s degree, bachelor's degree, E7 = PhD and above.

The majority of the respondents owns the property and lives in a partnership. In regard to reaching education a broad
variety can be observed. All participants are employed. The majority of households have more than one person of varying
ages living in them.

The results of the Q-sort were also transferred into an MS Excel file format for further processing (see Table 2).

Table 2.
Rated statements by the participants.

Participants/ |P1 |P2 |P3 |P4 |P5 |P6 |P7 |P8 |P9 [P10 | P11 | P12 | P13 | P14 P15 | P16 | P17
Statements

Statement 1 0|3 (4|0 |-1]|2]|0|-1|1]-2 -4 -4 -4 -4 -4 -3 -2
Statement 2 4 |3 |4 |10 |2 |42 |14 2 1 -2 -4 3 3 3 3
Statement 3 214 (3101|4142 |1]|3 3 1 2 2 2 4 4 4
Statement 4 3|13 (3|23 |2 |12 |4]-1 4 3 3 2 2 3 3
Statement 5 0|1 |-1{-2|0]0 |3 |00 1 3 2 4 1 2 2 2
Statement 6 3|10 |-2|1|-1]-2]01]-1] 3 0 -1 4 1 1 2 4
Statement 7 110 (211 ]0]|-3|]2]0 2 2 1 1 -1 1 2 2
Statement 8 0|2 |1|-2|-1]0 |4 (-3 |-2]1 1 3 3 -3 0 1 1
Statement 9 412 (-3|-4|-2|-4|-4|-3|-4]|-4 -3 -3 -3 0 0 -4 -4
Statement10 (O |[-1 |1 |4 |2 |1 |-4|-1 |1 2 -2 0 0 2 -3 -1 -1
Statement11 |1 [0 (2 |1 |1 |2 |1 |1 ]2 2 2 4 2 1 -1 -2 0
Statement12 |-1 | -1 (2 |2 |-3 |4 |-3|-1|-2|0 2 0 1 -4 2 0 2
Statement13 (1 |4 |3 |-3 |4 |3 |3 |2 |0 3 3 4 3 -2 4 4 3
Statement14 |1 |0 |1 |-3 |-1 |2 |0 |2 |1 0 2 3 2 -3 -1 3 0
Statement15 |2 |1 (1 |4 |1 |1 |1 |11 4 1 2 2 4 2 2 1
Statement16 |3 |2 |-2 |0 |-3 |0 (-3 |-1 |0 | -3 -3 -2 -3 0 -2 -3 -1
Statement17 |1 |[-1 |-1 |0 |-2 |1 |-1|1 |0 0 2 2 -2 -1 -1 0 0
Statement18 (-2 |1 |0 |1 (2 |0 |-2 |1 |-1| O -2 -1 -2 -3 -1 -3 -2
Statement19 (0 |2 |2 |1 |2 |0 |2 |-1 |-1 ]| 1 1 -4 1 -1 0 0 0
Statement20 (2 |1 |0 |1 -1 |-1]3 |0 |-1]| 1 3 2 1 2 3 1 0
Statement21 (2 |-2 |0 |1 |-2 |10 |3 |[-1] -3 1 1 2 -2 1 -4 -4
Statement22 (1 |1 |1 |2 |1 |0 |0 |4 |3 0 4 1 1 -1 -1 0 0
Statement23 (-2 |2 |-1|-2 |1 |1 |1 |-2|-4]|0 0 1 1 -2 -4 -2 -3
Statement24 (-3 |2 |-1|-1 |0 |-1|2 |-1 |1 ]-1 0 1 -1 0 -3 -2 -3
Statement25 (-1 |0 |2 |2 |0 |-2 |0 |-2 |1 |-1 0 0 0 -1 -2 -1 -3
Statement26 |2 |-4 |0 |-1 |0 |2 |2 |3 |3 0 0 1 0 0 -3 -2 -1
Statement27 (-4 | -4 |4 |-1 |3 |1 |-2 |4 |0 | -4 0 -3 -3 -2 -2 -2 -2
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Participants/ |P1 |P2 |P3 |P4 |P5 |P6 |P7 |P8 |P9 [P10 | P11 | P12 | P13 | P14 P15 | P16 | P17
Statements

Statement28 (-2 | -3 |-3|-1|-4|-2|0 |3 |[-3]-1 0 -3 -1 -2 0 0 1
Statement29 |-3 |0 (-2 |-1 |-1|-3|-2 |0 |-3|-2 -3 -2 0 -1 -2 -1 -2
Statement30 |-2 -2 |-2|-1 |2 |3 |1 |0 |-1]|-3 -1 0 0 0 0 1 1
Statement31 |-1 |-2 |-1 |2 |0 |2 |1 |-2]2 2 -1 -1 0 3 -2 1 -1
Statement32 |0 (-3 (-1 |3 |0 |-1|-1 |0 |2 |-2 -1 -1 -1 2 1 2 2
Statement33 |3 |0 |0 |3 |2 |-1]|-1 |0 |-2|-2 -1 0 -2 0 0 1 1
Statement34 |-1 |0 (-2 |0 |-2 |-2|0 |-2]2 4 -1 0 0 1 1 0 2
Statement35 | -1|-2 |4 |-3| 3|1 |-1|-2]|-2]|-2 -2 -2 -2 4 3 -1 -2
Statement36 | -2 | -1 | 0| 3 |-3|-2|-2|-4]|-2]|-1 -4 0 -1 3 0 -1 1
Statement37 |-1|-1 |2 |0 |-1]|-3|]1|-3]0] -1 -1 -1 -2 1 1 1 -1
Statement38 | 0 | -3 |-3|-4|-4|-3|-1|-4]-3]| 1 -2 -2 -1 0 2 0 0
Statement39 | 4 | 1 |1 |2 |0 |3 | 4| 2|2 1 -2 -1 -1 1 -1 -1 -1

The programme R Studio with the "Q method" package [39] was used for the ensuing analysis.

3.5. Qualitative Data Analysis

The analysis starts with a multivariate data reduction technique used by principal component analysis (PCA) to reduce
the correlation matrix between Q-sorts into components. The first few components are selected and mathematically optimal
rotated in order to obtain a clearer and simpler structure for the data. If the principal components are used to extract factors,
the variance equals the eigenvalue. The size of the eigenvalue is used to determine the number of factors. The factors with
the largest eigenvalues have to be retained. For example, using the Kaiser Gutman criterion, all the factors with eigenvalues
that are greater than 1 should be used according to Braeken and Van Assen [40]. After some experimentation with different
sets of factors, the decision for a four-factor model has been taken although a 5-factor model would have been applicable
[41] as visible in Figure 5 for the unrotated factors.
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Figure 5.

Screen plot of unrotated factors.

Investigation of factor loadings, eigenvalues, explained variance, factor correlations and composite reliability scores
suggests the four-factor solution accounts for 62 % of the variance (see Table 3).

Table 3.

Characteristics of factor loading.

Characteristic per factor F1 F2 F3 F4
Average reliability coefficient 0.80 0.80 | 0.80 | 0.80
Number of loading Q-sorts 6 4 3 3
Eigenvalues 3.19 289 | 264 | 185
Percentage of explained variance | 18.79 | 17.02 | 15.51 | 10.89
Composite reliability 0.96 094 | 092 | 0.92
Standard error of factor scores 0.20 024 | 0.28 | 0.28
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The total amount of loading Q-sorts was achieved by using 5 factors as indicated by Figure 5. Only the loadings per
factor were different but in total only 16 sorts could be directly allocated to a factor. More than 60% of the explanation
was already provided by the loading of four components. Therefore, this value was used for additional analysis. The
composite reliability is above the recommended value of 0.7 [42] for all four extracted factors.

Unrotated factor loadings are often difficult to interpret [43]. Factor rotation simplifies the loading structure allowing
us to interpret the factor loadings more easily. However, one method of rotation may not work best in all cases. Different
rotations were tried and the “cluster” rotation was used as it created the most interpretable results.

There are two standard criteria for automatic flagging used in Q method analysis [44]:
1) Q-sorts factor loading is higher than the threshold for a p-value < 0.05.
2) Q-sorts whose square loading is higher than the sum of square loadings of the same Q-sort in all other factors.
In its automatic mode, the PQ Method employs two or more Q sorts with significant loading to ‘flag' Q sorts.
0.01 =2.58 * (1 + sqrt(y))
y being the number of statements [39]

The used software package “q method” based on ‘R’ provides the following automated flagging for the factor loadings

(see Table 4).

Table 4.

Factor matrix provided by the g method.

Participants F1 F2 F3 F4

P1 0.31 0.05 0.36 0.41
P2 0.59 -0.14 0.11 0.14
P3 0.23 0.43 0.27 0.23
P4 0.06 -0.18 -0.11 0.71
P5 -0.30 0.29 0.82 0.09
P6 0.03 -0.03 0.86 0.10
P7 0.68 -0.12 0.01 0.11
P8 -0.02 0.01 0.80 -0.19
P9 0.12 -0.05 0.51 0.56
P10 0.58 0.32 -0.18 0.28
P11 0.66 0.24 0.18 -0.29
P12 0.77 0.07 0.07 -0.12
P13 0.78 0.26 -0.16 -0.29
P14 -0.32 0.50 0.01 0.69
P15 -0.02 0.89 -0.08 -0.04
P16 0.17 0.79 0.08 0.02
P17 0.12 0.81 0.03 0.05

Note: Values calculated after factor rotation; marked values indicating a defining sort (a
significant loading) automatically by the “q method”.

Participant 3 was automatically included for factor 2, as shown by the bolded noted value. It can be assumed that
significance is reached according to the threshold and program logic calculation. Participant 1 reached only a loading of
0.41 (also marked bold in Table 4) on factor 4 and failed to fully load this factor. As the distance to the threshold (as used
for participant 3) is not very large (0.0197 in exact numbers), it might be assumed this participant could be loaded with or
closely related to factor 4.

Table 5 contains the four factors or main perspectives indicating the agreement or disagreement of the given
perspective with each statement.

Table 5.
Factor scores for each of the four extracted factors.
Statements F1 F2 F3 F4
1 -3 -4 0 -2
2 -1 3 3 3
3 3 4 4 2
4 3 3 3 1
5 4 2 0 -1
6 1 3 0 -1
7 1 2 1 0
8 3 1 -1 -3
9 -4 -2 -4 -4
10 -1 -2 1 4
11 2 -1 2 2
12 0 2 -3 -1
13 4 4 4 -2
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Statements F1 F2 F3 F4
14 2 0 1 -3
15 2 2 1 4
16 -3 -2 -1 0
17 0 -1 0 0
18 -1 -1 1 -1
19 0 0 -1 0
20 2 2 -1 1
21 1 -1 0 -1
22 2 0 2 2
23 1 -4 0 -4
24 1 -3 -1 0
25 0 -2 -2 1
26 0 -3 2 0
27 -4 -3 3 -2
28 -2 0 -2 -2
29 -2 -2 -2 -2
30 -1 0 2 -1
31 0 -1 -2 3
32 -2 1 -1 3
33 -1 0 0 1
34 1 1 -2 1
35 -3 1 1 0
36 -2 0 -3 2
37 -1 1 -3 1
38 -2 1 -4 -3
39 0 -1 2 2

Factor scores presented in Table 5 represent the strength of agreement with all statements. For example, perspective
(factor) F4 is in strong disagreement with statement 8 (scoring -3) whereas F1 rather takes the opposite opinion (scoring 3)
and perspectives F2 and F3 show an ambivalent opinion (scoring 1 and -1, respectively). The qualitative analysis and
interpretation are based on a narrative procedure aiming to link themes and statements together to develop a joint
impression of participants’ viewpoints. The results are complemented with descriptive data of participants loading on the
factors, including information on age and educated number of household members.

Factor analysis assumes that the relationship (correlation) between variables is due to a set of underlying factors (latent
variables) that are being measured by the variables. Principal component analysis is not based on the idea that there are
underlying factors that are being measured [45]. Table 6 displays a table showing the correlations between the correlations
of the rotated factor z-scores.

Table 1.
Relationships between factor Z-scores.

Factors Factor 1 | Factor 2 | Factor 3 | Factor 4
Factor 1 1.0000 0.5198 0.3967 0.1115
Factor 2 0.5198 1.0000 0.2486 0.2170
Factor 3 0.3967 0.2486 1.0000 0.2260
Factor 4 0.1115 0.2170 0.2260 1.0000

The bolded highlighted value indicates that participant 3 was automatically added for factor 2. Factors 1 and 2 have
consensus in several statements.

3.6. Quantitative Data Analysis

The analysis will focus on the distinguishing statements to investigate how the perspectives (factors) differ within this
paper. Nevertheless, the consensus statements are also important and should be respected for any further development.
Total consensus is with statements.

17: The comparable average consumption should always be indicated with the own consumption.

19: The application should always have several divisions integrated (district heating, electricity, water, gas etc.).

29: 1 would prefer heat or another energy source to district heating.

The first consensus statements achieved a positive attitude (agree, most important), statement 29 received a complete
negative agreement (disagree or least important).

Factor 1: Locally engaged consumers: EU skeptical consumers (keep EU regulation away from district heating).

This group is technically informed and well-educated in regards to the production of energy in a district heating
system. They are totally in favor of district heating and see the benefits as they share the opinion that it should be
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available to as many participants as possible. As long as district heating is available to all consumers, regulation by the
government and especially the European Union is not needed. Statement 12 (the state should intervene even more in the
energy market and make and enforce regulations regarding the technologies used) was rated neutrally. The local
engagement serves as the unifying element for all customers who join factor group 1. Table 7 shows the distinguishing
statements of this group.

Table 7.

Table distinguishing statements for factor 1 (p < 0.05).

Statement Q-SV | Z-score
2. There are no maintenance costs, no responsibility, no heat production and no firing -1 -0.28
inside the properties of the district heating users, therefore, no chimney is required.

5. Combined heat and power (CHP) make optimum use of fuels. 4 1.64
8. District heating should also be available in sparsely populated areas (Preferable from 3 1.61
local resources).

12. The state should intervene even more in the energy market and make and enforce 0 -0.03
regulations regarding the technologies used.

33. The taxation of energy products in Hungary or in the EU must be more closely -1 -0.64
aligned with the aspect of climate protection.

35. The state should let the market regulate prices (Market economy). -3 -1.17
36. The European Union should become even more involved in the energy industry. -2 -0.87
37. Only sufficient financial incentives would induce me to change my behavior with -1 -0.59
regard to heating and ventilation.

Factor 2: Smartphone application-skeptic consumers: Only factor 2 rated statement 22 (whether data must be integrated
into the application in order to control the heating specifically) with a neutral vote while all other factors considered that
more or less mandatory. This group surprised me with their attitude towards new media in the form of applications. Here,
the cheapest price is not required and usage data is also needed when the users are at home. Statement 36 (the European
Union should become even more involved in the energy industry) was also considered neutral by factor group 2 (see Table
8).

Table 8.

Table distinguishing statements for factor 2 (p < 0.05).
Statement Q-SV Z-score
5. Combined heat and power (CHP) make optimum use of fuels. 2 0.99
8. District heating should also be available in sparsely populated areas (Preferable 1 0.28
from local resources).
11. District heating offers price stability. -1 -0.44
12. The state should intervene even more in the energy market and enforce 2 0.84
regulations regarding the technologies used.
22. Whether data must be integrated into the application in order to control the 0 -0.23
heating specifically.
24. When | am not at home, | need information about heat consumption. | would like -3 -1.44
to have the consumption transmitted through the internet.
26. A smartphone application must offer or suggest the cheapest rate for me -3 -1.14
depending on consumption.
32. Laws and technical systems must be adapted so that data protection and security 1 0.73
are ensured and consumption data cannot be passed on.
36. The European Union should become more involved in the energy industry. 0 0.01
38. District heating is the most expensive form of heating. 1 0.42

Factor 3: Intrinsically motivated sustainable consumers: Factor scores for factor group 3 indicated a statement. It is
mainly the space savings that encourage many customers to buy district heating while all other hold that it is less
important (negative rating). This factor group denied at a larger scale governmental and especially European influence and
regulation.

The same holds true for additional financial incentives. Two statements indicated that additional financial stimulus
would not be needed for sustainable heating and behavior. Additional financial incentives are not needed. Consumers are
rather motivated by sustainability itself than additional financial benefits. This group would still like to receive a paper bill
which was largely denied by all other groups (see Table 9).
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Table 9.
Table distinguishing statements for factor 3 (p < 0.05).
Statement Q-SV Z-score
1. It is mainly the space savings that encourage many customers to buy district heating. 0 0.16
8. District heating should also be available in sparsely populated areas (Preferable from -1 -0.64
local resources).
10. State-regulated prices prevent expensive investments in sustainable technologies for 1 0.43
heat generation.
12. The state should intervene even more in the energy market and enforce regulations -3 -1.64
regarding the technologies used.
18. I would be willing to spend more money on district heating in the case of proven 1 0.50
sustainable production.
20. I would be willing to change my habits (Turn off the heating on vacation, ventilate -1 -0.42
now and then instead of constantly ventilating).
27. | always need a paper invoice or bill. 3 1.38
30. Environmentally friendly heating and ventilation does not require financial 2 1.07
incentives.
34. No basic charge, district heating prices should be charged exclusively according to -2 -1.14
consumption.
36. The European Union should become even more involved in the energy industry. -3 -1.62
37. Only sufficient financial incentives would induce me to change my behavior with -3 -1.36
regard to heating and ventilation.

Factor 4: Insulate buildings: state price skeptics: Consumers which are grouped or rather described by factor group 4
(see Table 10) are skeptical of governmental regulations but also would involve the European Union in local problem
solving. Laws and information would be the key success factors for successful and sustainable district heating solutions.
State regulated prices prevent needed investments. This factor group was the only one that provided a high ranked positive
opinion towards the fact that state regulated prices prevent sustainable investments. The other factors denied that statement
or ranked it much less positive ( see factor 3).

Table 10.

Table distinguishing statements for factor 4 (p < 0.05)
Statement Q-SV Z-score
1. It is mainly the space savings that encourage many customers to buy district heating. -2 0.81
8. District heating should also be available in sparsely populated areas (Preferable from -3 -1.53
local resources).
10. State-regulated prices prevent expensive investments in sustainable technologies for 4 1.66
heat generation.
12. The state should intervene even more in the energy market and enforce regulations -1 -0.74
regarding the technologies used.
13. Security of supply is always the top priority in a district heating system. -2 -1.26
14. District heating supports large investments in renewable energies. -3 -1.35
15. The investments in thermal insulation of buildings should also be supported like the 4 2.14
investments in sustainable and CO2 free production of thermal energy.
31. Users of district heating are becoming more environmentally aware and just need the 3 1.53
right information to act in a conscious way.
32. Laws and technical systems must be adapted so that data protection and security are 3 1.55
ensured and consumption data cannot be passed on.
36. The European Union should become more involved in the energy industry. 2 1.20

All factors are distinguished with statements 8, 12 and 36. These statements are rated totally different in each factor
group. With 3 consensus statements and 3 all distinguishing factors the whole Q-sort seems evenly distributed.

A common socio-demographic factor for each factor group was not possible. For example, group 3 included
participants 5, 6 and 8, all having different educational degrees, different preferences for used devices and different
partnership. The age range also differs. Only the people living in the household (2 or 3) were unique. The same is true for
factor group 4. Therefore, the factor groups represent different attitudes towards sustainability and district heating but there
is no unified socio-demographic characteristic identified.

3.7. Summary and Discussion in Consumer Opinion

The four identified factors were given a comprehensible name to identify the attitude towards district heating in
general and sustainability in detail together with price sensitiveness. Three statements achieved complete consensus among
consumers. Three statements were generally agreed by the customers. Among the most notable was statement 29, which
was universally rejected by all participants: "I would prefer heat with another energy source than with district heating."
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The consumers seem convinced district heating is the right choice with regard to urban energy systems and sustainable
consumption. Additionally, the more smart meters and intelligent artificial agents are used and consumed by smartphone
applications. The users prepared with their own devices. Any application dealing with the usage of utilities i.e. water,
electricity or in the given case district heating should combine the different divisions and provide an integrated experience.
It can be assumed for other divisions but for district heating, it was proven when providing information on average
consumption. The cheapest price is not too important, it’s important for consumers to be able to compare themselves to the
average. How much is one's personal consumption in relation to a chosen comparison group? It would always be possible
to adopt one's own habits and behaviour with such knowledge.

The necessity of a paper bill is desired by a very small number of participants. This attitude was a real differentiator for
factor group three. The option to access a paper bill will not be the main driving and innovation feature for any future
solution. As this group would be willing to spend more money when proven sustainable sources are used for heat
generation, it should be possible to convince this group also to overcome the need for printed bills. The trust in smartphone
application seems high already as all (except one) participants indicated to use electronical devices for banking already.
The consumers would not trust any application to regulate the complete household as the reaction to statement 23 (I would
trust an application enough to let it regulate my heating on its own) revealed. Here, the factors provided a very diverse
response. Smartphones still need to get more sustainable [46] themselves. They are one key to more digital information and
behavioral change. Smartphones can also provide opportunities for better access to advice and sustainable behavior in the
form of virtual appointments in areas where people would normally need to travel long distances to receive expert advice.

The answer to statement 7 (more digitalization leads to more environmentally friendly generation processes (e.g.,
through education and visualization)) was mainly positive or neutral. The consumers agree that digitalization helps to
grow environment friendly generation of heat. Digitalization is also able to provide the base figures and transfer the data
when needed. Here, the socio-demographic part indicated that the end users are technically able to work with electronical
devices and some even prefer the smartphone over a standard PC or laptop. This would support and justify the conclusion
[23] for customers in Eastern Europe as well. Any smart meter software has to enable the use of several divisions.

Generally, the attitude towards district heating is positive. It’s seen as the key to more sustainability. Although there
was no full consensus on statement 9 (no more research and investment should be made in district heating), this statement
was rated rather negatively. Conversely, this means consumers would support and approve further research in the area of
district heating.

4. Conclusion, Recommendations and Limitations

The aim of this study is to explain the results of the paper. The Q-method revealed that consumers do not require to be
informed about the cheapest rate (statement 26: A smartphone application must offer or suggest the cheapest rate for me
depending on consumption) but have a rather diverse attitude. Statement 35 (the state should let the market regulate prices
(market economy)) was negatively rated by factor group 1 while the other three factors rated that as neutral or surprisingly
positive. Germany implemented a state regulated price lately [47] (or will implement the same in early 2023), this finding
was rather unexpected.

The reviewed literature was already concluded. New pricing mechanisms and pricing models are more likely to be
accepted if the information is transparent and the end users can significantly influence their price by own behavior.

The results of the data analysis suggest that K-means clustering can be performed on large data sets and data sampling
can reveal the same number of clusters as the full data set. Four clusters were identified in a two-dimensional space and the
results indicate that longer and stable operating hours with low demand are the most preferred followed by low demand
with shorter operating hours. The least preferred option is low operating hours with high demand. Further research includes
identifying meters and the consumers behind them for cluster #1 from sampled data or performing the analysis for an
additional year. Follow-up research could also include private data such as house size and type of use. The results also
suggest that the use of waste heat such as that produced by the sugar factory could be enhanced by additional sources.

Four factors were identified in the research to understand consumer attitudes towards district heating and
sustainability. The majority of consumers was convinced that district heating is the best choice for urban energy systems
and sustainable consumption and was willing to use intelligent artificial agents and smart meter applications to manage
their heating. However, there was little interest in accessing paper bills and some hesitation about trusting an app to
regulate the household's heating on its own. Digitalization was seen as a way to promote environmentally friendly heat
generation through education and visualization — and most consumers were technically proficient in using electronic
devices. The attitude towards district heating was positive with a majority supporting further research and investment in the
area.

4.1. Contribution and Practical Implications
4.1.1. Developing a Dynamic Pricing Method
Actually, Hungary has state-regulated prices and many other European countries (e.g. Germany) are introducing state-
regulated prices as well. Nevertheless, the results of the previous chapters of this paper can be used to describe a rather new
pricing model. The best pricing method for district heating varies depending on several factors [48] including the
characteristics of the system, the customer base and the regulatory framework. Some of the most commonly accepted
pricing methods include:
1. Flat rate pricing: This method involves charging a fixed amount per unit of energy consumed regardless of the time
of day or season.
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2. Time-of-use pricing: This method involves charging different rates based on the time of day with higher prices
during peak demand periods and lower prices during off-peak periods.

3. Dynamic pricing: This method involves using advanced metering and billing systems to charge customers in real-
time based on the prevailing market price for energy.

4. Conservation pricing: This method involves offering incentives to customers who reduce their energy consumption
such as lower rates for those who use energy during off-peak periods.

Ultimately, the best pricing method for district heating will depend on the specific needs and goals of the system and
its customers. The first two are quite common and also widely accepted as found within the literature review. Conservation
pricing might work for electricity but heating time depends on the outside temperature. When it’s warm outside, it’s rare
to find consumers needing a lot of heat. Dynamic pricing is something that would have to be explored deeper based on the
findings of this paper but the idea development shall be started.

Dynamic pricing is a pricing method that adjusts the price of a product or service in real-time based on market
conditions and supply and demand. In the context of district heating, dynamic pricing uses advanced metering and billing
systems to charge customers for the energy they consume based on the prevailing market price for energy at the time of
consumption.

Dynamic pricing can provide several benefits for district heating systems including [16]:

1. Improved efficiency: Dynamic pricing can encourage customers to reduce their energy consumption during peak
demand periods when energy prices are highest by charging customers based on real-time market conditions.

2. Increased revenue: District heating systems can increase their revenue and better recover the cost of providing
energy by charging higher prices during peak demand periods.

3. Better alignment of supply and demand: Dynamic pricing can help to better match the supply of energy with
customer demand reducing the risk of over- or under-supply by adjusting prices based on market conditions.

4. Dynamic pricing can also provide benefits for customers such as increased transparency and control over their
energy costs. However, it may also be seen as unfair or confusing by some customers particularly if they are not
familiar with how dynamic pricing works.

Dynamic pricing can be an effective pricing method for district heating but it requires careful implementation and
communication to ensure that it is well understood and accepted by customers. It involves adjusting the price of energy
based on real-time market conditions such as the supply and demand for energy, the availability of alternative energy
sources and the cost of producing energy.

Based on the results of the Q-method analysis, it seems that consumers have a positive attitude towards district heating
and see it as a key to greater sustainability. They are prepared for the use of smart meters and intelligent artificial agents as
long as these devices provide an integrated experience for all utilities and allow for comparison to average consumption.
Although the cheapest price is not a primary concern, consumers want to be able to compare their own consumption to
others. Digitalization is seen as a way to increase environmentally friendly generation processes and access to expert
advice.

A dynamic pricing method for district heating could take into account the different factors identified in the Q-method
analysis. For example, the pricing method could incorporate peak periods of high demand and adjust prices accordingly,
while also offering a comparison to average consumption for each user. Additionally, the pricing method could take into
account the use of sustainable energy sources  which would appeal to consumers who are willing to pay more for
environmentally friendly options.

However, the pricing method would also need to be accessible through smartphones and provide an integrated
experience for all utilities as consumers have a high level of trust in these devices and prefer them over traditional paper
bills. Finally, the pricing method would need to take into account the need for further research and investment in district
heating, as consumers generally support this idea.

An example of a dynamic pricing method for district heating that incorporates both the K-means clusters [4] and the g-
method findings:

1. High demand for a long period of time.

2. High demand for a short period of time.

3. Low demand for a long period of time.

4. Low demand for a short period of time.

The g-method findings indicate that consumers:

e Have a positive attitude towards district heating as a key to sustainability.

e They prefer smart meter devices over traditional paper bills and are willing to pay more for environmentally friendly
options.

The dynamic pricing method could be designed as follows:

4.1.1.1. High Demand for a Long Period of Time (Cluster 1)

During peak periods of high demand, prices could be adjusted to reflect the increased usage.

For example, if the average price per unit of energy during off-peak periods is €0.10 during peak periods of high
demand the price could increase to €0.15.

Additionally, the price could be made transparent by showing users how it compares to the average consumption of a
selected comparison group.

This would allow users to adopt more sustainable habits and make more informed decisions about their energy usage.
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4.1.1.2. High Demand for a Short Period of Time (Cluster 2)

Prices could be adjusted to reflect the increased usage during short periods of high demand.

For example, if the average price per unit of energy during off-peak periods is €0.10 during a short period of high
demand the price could increase to €0.12.

This would encourage users to shift their energy usage to off-peak periods which would help to balance the demand
on the system.

4.1.1.3. Low Demand for a Long Period of Time (Cluster 3)

Prices could be adjusted to reflect the reduced usage during low demand periods.

For example, if the average price per unit of energy during off-peak periods is €0.10 during low demand periods the
price could decrease to €0.08.

This would encourage users to continue their energy usage during these periods which would help to balance the
demand on the system.

4.1.1.4. Low Demand for a Short Period of Time (Cluster 4)

Prices could be adjusted to reflect the reduced usage during short periods of low demand.

For example, if the average price per unit of energy during off-peak periods is €0.10 during a short period of low
demand the price could decrease to €0.09.

Short periods of time mean in this context only a few hours per day. A long period would reflect in several
consecutive hours (or even days). This would encourage users to shift their energy usage to the corresponding periods
which would help to balance the demand on the system.

Finally, according to the g-method findings, the pricing method may be made available through cellphones and enable
the integration of all utilities giving the consumer a more complete experience. Additionally, the pricing method could take
into account the use of sustainable energy sources which would appeal to consumers who are willing to pay more for
environmentally friendly options. It's important to note that this is just one example and the actual prices and pricing
structures used in dynamic pricing for district heating may differ in practice depending on the specific needs and goals of
the system and its customers as well as the regulatory framework in place. Dynamic pricing models can vary widely
depending on the specific needs and goals of the district heating system and its customers as well as the regulatory
framework in place. The example above is just one possible scenario and the actual prices and pricing structures used in
dynamic pricing may differ in practice.

4.2. Technical Consumer Information Enablement

A large common part for infrastructural means with a lower part for direct consumption provides less potential for an
actual behavior change. Information is the key to success in any new model but in achieve behavior change, information is
a key factor. Earlier year’s email-based information system was tested and provided to end users with more and more
applications running on mobile devices taking over the information part. Within several publications it was proven [49] that
even early in grade school the usage and consumption of smart phones and applications are already very common. The
growing generation might not even remember what a paper bill is or how that was sent to the end user. In retail business
[50], the usage of push notifications is common and broadly researched. The Technology Acceptance Model (TAM) was
adopted for the retail use case. However, there is currently nothing comparable available for consumer applications that
promote sustainable behaviour. Customers would be thrilled to use and appreciate the opportunity to increase sustainable
consumption and awareness through the combination of weather data and smart home applications.

4.3. Critical Thinking Aspects

If the best course to a decarbonized global heating system had been identified; it is unlikely to remain that way due to
technological advancements. According to several recent papers, if heat supply electrification is done in a coordinated way
that takes into account our principles and general technological advancements, the longer-term effects on energy systems
can be minimized. It is apparent that in many countries where space heating demand is significant, some combination of
energy efficiency alongside electrification appears important and wider innovation around electrification may further
support this pathway [51, 52]. Furthermore, the electrification of heating demand is likely to provide an important route to
increase the quantity of renewable energy in energy systems. The idea sounds reasonable and challenging. The only
problem is that solar energy generation often performs less well during the primary heating seasons [53]. The efficiency of
photovoltaic (PV) systems or the amount of energy they can convert from sunlight is typically around 20%. However, the
cost-effectiveness of PV systems is affected by other factors such as electricity production costs, space requirements,
resource usage and carbon emissions savings [54]. The maximum amount of electricity a generator can support at the point
of connection to the transmission and distribution system during summer and winter is known as the net summer and net
winter electricity generation capacity respectively. These are usually determined by performance tests. Two main factors
that influence the capacity difference between summer and winter are the temperature of cooling water for thermal power
plants and the temperature of ambient air for combustion turbines and water flow and reservoir storage characteristics for
hydropower plants [55].

“Heating electrification is one of the biggest mistakes of the energy transition” [56]. Heating electrification is one of
the biggest mistakes of the energy transition says Christian Holter who calls for allocating scarce renewable energy
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resources to economic sectors where they can bring the most in terms of carbon reduction. “It “makes no sense” to bring
electric power into heating because winter demand for heat is 5 to 10 times bigger than the entire electricity system which
won’t be able to cope [56].

The EU has set a goal to increase the use of renewable energy in heating and cooling by 1.3% annually until 2030 but
some experts believe this goal is too ambitious while others think it is not enough to fully decarbonize the energy system by
2050. The challenges in achieving this goal include a lack of education and understanding about renewable energy,
difficulties in obtaining financing for long-term investments and a preference for short-term returns on investments over
long-term financial exposure. Renewable energy infrastructure projects require long-term perspectives of 25-30 years and
returns on investments of 15-20 years to be sustainable. This is where the finance industry and the needs for sustainable
development are in opposite directions. The city of Kaposvar is already on the right track. Science could and will support
the chosen path. The current work did show the need for additional sustainable heating sources as there are high-demand
clusters and also consumers who support further investments in district heating and urban energy systems. The term "urban
energy systems" refers to the combination of waste heat use and traditional heat-producing facilities. A single strategy is
often found in the literature; it is uncommon to find an approach that combines many sources and supplies. The focus is
on electricity as it’s easier to transmit and consume [57].

Recognizing the expectation of the need for a significant level of heat electrification using heat pumps in many
countries (with electricity simultaneously being decarbonized). Current research focuses mainly on electricity and tries to
electrify several aspects (e.g., cars). It is still not proven that electrification is the right approach but it reduces uncertainties.
Thermal energy storage (TES) systems are also an answer to sustainable and greenhouse gas reducing approaches that
affect heating [55].

4.4. Further Research Aspects

Additional research about district heating and its effects on energy systems includes:

e Examining the local challenges facing the implementation of renewable energy infrastructure projects and
investigating solutions to overcome them.

e Investigating innovative solutions for urban energy systems like waste heat recovery and combined heat and power.

e Examining the potential for demand-side management strategies such as load shifting and peak shaving to reduce
the strain on urban energy systems during times of high demand.

e Investigating consumer preferences and behavior in relation to energy consumption and willingness to support
further investments in district heating and urban energy systems.

Country-specific distinctions would result in more specific programs dependent on local needs and possibilities.
Countries such as Norway with their huge availability of waterpower generations are in need of totally different funding
programs than especially East European countries. There is still a gap in research on consumer behavior and expectations in
Eastern Europe.
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